REPLACENVENT SHEET' METHOD AND “APPARATUS FOR GENERAT NG-BI T MAP 1%@2’5&% _
BACKGRQUND OF THE | NVENTI ON The - present. i pventi on relates to a nethod and
apparafus for generating-print data suitable fer-a laser. printer.which
effec¢ts witing on an electrostatic photoconductor as a |atent inage by
subj ect i ngﬁg,‘%ﬂ@ eamto on of f nodul ati on on the basis.of data-

representi B¥G, BET MAR tIMAGE DATA AND A AND
ep %%E 1 MODULATING A LASER BEAM Wlmnggﬁgn

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

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

15 . bit map pattez_'n.' 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,- az;d a large-capacity storage
device for "storj;ng the sSame is required. This
disadvanté.geously entails é.n incréased cost of the apparatus.

‘20 - ' To overcome such a problem, U.S. Pat. No. 4,847,641
discloses a technique whereby character pattern data
corresponding to a Eharactér_ code outputted from a host
apparatus or the like is stored in a first-in first-out memory, -
a dot located at a position where printing is to be effected

25 and a plurality of dots surrounding that dot are sampled -from
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rrap,_.

and in which, -after tonei

i mage, the image is transferred to recording paper so as to print a B
character or an.image. A-laser. printer is capable of printing characters

and«lnages wi th very high resolution by |ncrea5|ng t he nodu- lation -
accuracy of a- | aser beam For this purpose, it.is necessary to conpose
Il mge data to be printed in the formof a high-density bit map pattern..

order-to output char-.acter data of.- such a hlgh denS|{y bit map pattern

-nuch tlne C - T
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- the flrst-ln flrst out memory, and the sampled blt map pattern

is campared w;th pattern data Ior comparlson,- such as a

multlpll:lty of templates or matchlng blt map data prepared in

.advance. If the sampled bit map pattern matches the pattern

‘data- for comnarlscn, the sampled bit map pattern is replaced-
.Wl'th a correction dot pattern allctted to the pattern data for
comparison,- and this correction dot pattern is outputted as
print data. |

According to this technique, since the bit map pattern -

data outputted from a character generator can be corrected as
necessary, it is possible to print a character pattern having
a smooth contour without increasing the storage capacity of the

character data storage means.

is electrostatically-attracted-te the- Iatent, - -

In

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

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

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

pattern ..matc_hing calculation within a time period during which

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

disadvantageously reqﬁired .

Accordingly, a primary object of the present invention is

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

a laser beam printer capable of effecting high-speed

operation by reducing) as much as possible, the number of
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and I'aBor™are 7 nvol ved in the preparation of the. data, and-a.large-capacity -

st or age,-devi ce -for storing-the-sane is r.equired. This-disadvantageously
entails an i-nereased cest of. the .apparatus. To overcone such a probl em

U'S .Pat No. 4,847,641 di scloses a.t'echni que whereby character pattern data

correqmpnddy A€ ?h&héﬁ.ﬁﬁt ?I & %e%‘é&ﬂ#)tae‘éoftrg:’q @#‘g ég&gfr atis @ {I O%

lieis stored in a-first- out ne a posi

_vvhere i mq]w@ i £hils b@beﬁfsécted “ahbea lnventlon .provides a method for -

generatz.ng bit-map 1mage data accordlng to J.ndependent claim 1,
. which -is :.ntended to be understood as - a first non-limiting

"approach of .defining the invention in- general terms. -: Further

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

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

 invention provides a - method for generating -bit " map

5 image data, compri.sing the 'steps of:- conx}erting coded data
outputfed from an external device into bit map data and storing

a portion of a plurality of lines of the bit map data in a
memory; o}otaining horizontal contour data and vertical contour_

data by digitally differentiating the bit map data .in the

10 memofy 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

nof; subjeuct to pi’inti-ng on .the basis of-the contour dana; and
converting the dot data subject to printing to a dot of a
15 - predetemined size and ontputting the dot of the predetemined
size as print data on the basis of a. result of determination.
Consequ_entl.y, according to the invention, the bit map data

stored in the 'm.emory "is read in increments of a full single

" column by :N lines, while being stored in a shift register of

20 size M columns by N lines, and the bit map data is
differentiated in the vertical and horizontal directions so

that only the data representing a contour portion is outputted.
As a result, data relating to dots which clearly constitute
continuous portion.s ‘is excluded, so that the number of data to

25 be used for processing .in succeeding processes is reduced
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- plural+ty of dots surroundi ng~that dot are sanpted fromthe first-in ~.
first-out nenory, ‘and the sanpled bit .map pattern.is . conpared with pattern -
_data- for conparisan, such as a nul'tiplicity of +tenplates or. mat-achi ng bi-t
map data prepared in advance. If the sanpled bit map-pattern matches the _
"patfern data for.conparison, the sanpled bit map pattern-is replaced with-a
~correction dot pattern allotted to the pattern data for corrparlson and
~th|s correctlon dot pa‘ttern is outputted as prlnt dat a.

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

as data for.c':léssifying discontinuous points with -respect to'
the horiiontal and vertical directions.. . This data - for .
class:.fy:.ng d:.scon‘.:n.nuous ooz.nts is used for determi n.tng the
5 - relationship of a focused po:.nt subject to printing. w:'.tn
respect to surrounu:.ng dots, i.e., whether the focused po:.nt is
in a continuous relationship'or in a discontinuous relationship
with thé same. '_In a case a dot subject to printing concerns a
discontinuous point, that dot is replaced by a dot of 2 smaller
10 size than a predetermined normal dot, or a dot is newly added
in the case of a vacant portion, depénding on the form of

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

method and an appartus for generating the above-described b:.t-map -
image data. This object is solved by the method and apparatus for .
modulating a laser beam with enhanced bit-map data especially for
effecting printing according to independent claims 2 and 3.
Further advantageous features, aspects, and details of the
invention are evident .from the dependent claims, the description
examples and drawings. The claims are intended to be understood
as a first non-limiting approach "0f defining the invention in
general terms. . S
The invention therefore provides a method and appartus for '
generating print data suitable for a laser printer which effects
writing on an electrostatic photoconductor as a latent image by
subjecting a laser beam to on-off modulation on the basis of data
representing a character pattern as a bit map, and in which, after
toner is electrostatically attracted to the 1latent image, the
'image is transferred to recording paper' so as to print a character
or an image. . ' _ i e e e
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-"Aceordi ng te this :technique, since ttre bit nmap patterm data outputtéd from
.a character generator can be corrected as.necessary, it is possible to
print_ a character pattern having. a snmooth contour wi.thout .increasing the
st.orage capacity of the character dat a storage neans. - 2-

In ..accordance . with a second aspect the invention - -
" therefore provides an appartus for generating laser )

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

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

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

4ai
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However, since the bit map pattern i-tself which is stored in the-first-in
.first-qut nenory is.used as an obj ect of pattern matching, the nunber of
data for_which pattern matching is to he effected. increases. Hence, in

order to conplete the pattern matching calculation within a ting period
during Wwhich one.-dot- is printed, a |large-scale calculation circuit is :
di sadvant ageously required. SUMVARY OF THE INVENTICN Accordlngly a primry

object of- the pr esent |nvent|on S - - _

llnes .flrst edge detectlng means for dlgltally'dlfferentlatlng
-'__-the data stored =in the sampl:.ng means -in’-the dlrectlon of .
lines; —-second_ edge detectlng means for : dlgltally
differentiating the data stored in the sampllng means in the
"5 direction of columns;- flrst_claSSLfylng means for cla551fy1ng
- the relationship of connection between a point subject to
printing and vertical dots including the point on the basis of
edge data from the first edge detecting means; secona
classifying means for classifyiﬁg the relationship of
10 connection between the point subject to printing and horizontal
dots including the point on the basis of edge data from the
second edge detecting means; determining means for outputting
correction dot data whose size of a dot to be printed and
position within the size of_a'nermaI dot have been determined
15 on the basis of the data from the first and second classifying

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

for printing on the basis of a signal frcm,fhe determining

means.
DESCRIPTION OF THE DRAWINGS
20 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 b;ock diagram of a control circuit of the
25 laser priﬁter using a bit-map-data generating circuit in
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to provideTa novel nethod for géneraiing.bit map i mage data for .a laser
beam pr,i nter- capabl-e of effecting high-speed cal cul ation by reducing,
much- as- passiblLe, the nunber of data used-=in calculation:at the 1ine of

corvyecting a dot to be printed. To this end, )
aspect- of the inventiom there is provided a nethod for generating bit map
i mage data, ‘conprising the steps of: converting coded data out-putted from
an external deV|ce rnto bit map data and ' - - ) s '

_ example; )
5r Fig.-s ls a schcmatic diagram iliustrating an example of
a bit-map-data generating circuit;

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

10 differentiation; _

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

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

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

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

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

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

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

25 pattern of the character "S" shown in Fig. 4;
This Sheet Has Been Replaced | -6 -

accordance w;th the present lnventlon,

'outputted from a buffer show1ng the character "$" as an

as

i n accordance with a first

- .Fig. _ 4 1s -a dlagram lllustratlng .a. bit man pattern.



'storing"a portion of a plurality of linés of the hit nmap dat&a.in-a rmenory; -
obt ai ni,ng hori zontal contour. dat-a and vertical contour. data by digitally
di-fferentiating the bit -map data.in the nmenory in horizontal .and vertical
di reectj ons_whil e reading each -portion of_one colum by N lines or Mcolums
by one li-ne; determning positional-relationship beiween dot data subject
to printing and dot -data not subject to printing on the basis of the
contour data; and convertl ng the dot-data subj ect to pri nt| ng to a- dot of a
predeterm ned -si ze -and’ )
Fig.-12 is a d:.agram J.llustratz.ng a rz.s:.ng edge, as viewed. .’

frcSin the top J.n the vert:.cal dlrectlon-, obta:.ned by- L
dlfferentlatlng the pattern of the c_haracter "$" shown in FJ.g.
4;

5 . . Fig. 13 is; a di-a'gram illustr.ating'—.-a .:_Ealling edge, as
viewed from the top in the vertical direction, obtained by
differentiating the pattern of the character "$" shown in Fig.
4; -

Fig. 14 is a diagfam illustrating the relatiénship between

10 original patterns and data obtained by classifying siénals from
an edge detecting circuit by a logical circuit;

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

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

Fig. 17 is a further diagram iilustrating the relatioﬁship

20 between original patterns and dé_ta obtained by classifying
signals from the edge detecting circuit by {:he' logical circuit;

Fig. 18 is a further diagram illustrating the relationship
between originai patterns and data obtained by classifying

signals from the edge detecting circuit by the logical circuit;

25 Fig. 19 is a further diagram illustrating the relationship
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out putting the_ dot™ of the predéternined size as primt data on the basi s of
a resul,t of deter mi nati on.- - Consequent | y, accordlng to the invention, -the-
bit- map-data stored in the nepory-is-read in increnments.of. one cel um by N
lines or M.colums by one line, while beging stored in a shift regi ster of
size M col ums by N iines, and the bit" map data is differentiated in-the
vertical and hori zontal dlrectlons so"that only the data representing a
cont our portlon is outputted As a result; data relatlng to dot s whi ch -
clearty - .- - : - -

) between orlglnal patterns and data obta1ned by class1fy1ng'*

SLgnals from the edge detectlng CerUlt by the loglcal circuit;
Fig. 20 is a diagram schematlcally illustrating unlt dot
data qutputted from a pulse-width modulating circuit;

5 ' Fig. 21 is another diégram schemaficall§'illustrating uﬁit

" dot data ouéputted from the pulse-width modulating circuit;
. Fig. 22 is still another diagram schematically
illustrating unit dot data outputted from the pulse-width
modulating circuit; _

10 | 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{ | ) -

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

Fig. 26 is an explanatory diagram illustrating a case ih

20 . which a correction is made by sha&ing 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

25 which a correction is made by shaving a left side portion of a
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“constitute. €ontinuous.portions is-.excluded, so fhdt the num ber of data to ~

-be used for calculation in succeeding processes is reduced remarkably. The
dat a-t epresenting the contour portienis used as data for :classifying -
di-scont i nuous points mnth respect to the horlzontal and vertlcal

di rections. ThIS - -3 -
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vertlcal rlsrng portron in the process of correctlon by

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

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

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

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

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

memory device for storing video data outputted from a buffer;

Fig. 32 is a schematic diagram illustrating the storage

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

device shown ih Fig. 31 in the:form of printing;
_Fig, 33 is a circuit diagram illustrating an example of a
shift register constituting the sampling window;

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

Fig. 35 is a circuit diagram illustrating an example of a
falling—portion'edge detecting circuit constitutiné a part of
the first edge detector; ' |
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"data for clasSifying-di"scontinuous points’is osed for deter- :mning the -
relatiaqnship of a foocused point- subject to-printing with. respect to |
surroundi ng-dots; i.e., whether -the foeused.point is iin 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 i’s ]
repl aced - by a dot of a smaller size than a predeterm ned normal dot, or a
dot i's newly addéd in- the case of a vacant portion,: dependlng on -t he -f.orm
of dlscontan|ty It -has been confirred that the . .. '
: Flg "36 is.a circuit diagram illustrating an example of a

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

second edge detector,

Fig. 3? is a circuit diagram illustrating an example of a
5 | falling—portion'edge detecting circnit constituting a peft-of
the second-edge detector;
Fig. 38 is a circuit diagram illustrating an example of a
classifying circuit for classifying an original pdttern on the
basis of a rising edge from the edge.detector shown in Fig. 34;
10 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.'4q is e'circuit diagram illustrating an exemple_of
15 another classifying circuit for classifying an oriéinal pattern
in which a dot is.present at a focused point among outputs from
the edge detectors shown in Fig. 36 and 37;
Pig. 41 is a circuit diagram 1llustrat1ng an example of
Stlll another classifying circuit for classxfylng an original
20 pattern in which the focused point is a vacant portion among
the outputs from the edge detectors shown in Figs. 36 and 37;
Fig. 42 is a circuit diagram illustrating an example of a
determining circuit for outputting correction data on the basis
of outputs from the.classifying circuits shown in Figs. 58 to
25 41;
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data.- To this end,

there is provided an apparatus for generating | aser
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. B . . . -

Flg 43 is a c1rcu1t dlagram lllustratlng an example of a.

pulse-wxdth.modulator for outputtlng print data on the basis of-

data -from the’ determlnlng circuit shown in Fig. 42~

Fig. 44 is a diagram illustrating bit map data in a case

where the character "$" shown in Flg 4 is corrected by

enlarglng the sampllng window;

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

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

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

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

software.

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

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

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

3. After cleaning, ions generated by a charge generator, e.g.,
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reading the bit map data of the +renory ewvery ene-colum by N
lines i,s superior. in processing speed to the method .of reading the bit map

data every M colums by one Line. A second object of the present ‘i nvention

is to provide an apparatus for generating the above- descrlbed bit-map i mage*
in accordance with a second aspec¢t” of the invention,



beam~bit-map i nage data,~ conpri sing:=an image menory for -storing-a portion-
of a plurality of lines af bit map data of a_serial_ signal fornat outputted

froma chatacter generator, nenory.control neans for. seguential-ly .

extracting a portion of one colum by -N lines or
data fromthe i nage nenory. each tine one-bit signal-is output- ted fromthe: _
character generator, sanpling neans for storing the data read fromthe

I mage nmenory while shlftlng-{he data by each porti on of Nlcolunns by N -

I|nes
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flrst edge . T

surface potential. At -a.stage ﬁhere such preparations have
.been completed, the photoreceptor drum 1 is irradiated with a
laser beam from a laser-beam generator 5 thereby allow1ng data
to be written in a selected area.

The laser beam is modulated as electric power suleled 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. A
laser beam 7 from the laser diode 6 is collimated by a
collimator 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
.scanniné across'the_surface of~the'photoreceptor:drum 1l as the
laser beam is moved horizontally in the direction of reference
‘character C in the drawing as the'scannlng mirror 9 is rotated
by means of the motor 10 rotating in & direction indicated by
reference character B in the_drewing.

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

to synchronize, scanning with the laser beam per cycle is

'IThis Sheet Has Been Repl

=T,

M col ums by one |ine of

“ a corona gischeige unit 4,:a;e Eupplied to the phdtoreceptor )

“drum 1, so ihef“the photoreeepto;_drumfl isichafged to.a fixed .



detecti ng-nmeans- for digitally differentiating the data stored i n~the -
sanpling means in the direction of. |ines;_ second edge det.ecti ng neans for
digi-tally differentiating the dat a stored in the_sanpling.means in_the
direction of colums; first classifying neans for classifying the

relationship of connéc- tion between a point subject to printing and -

vertical dots including the point on the basis of edge data fromthe first
edge detecting nmeans; second. ctassifying nmeans for C|aSSI- fylng the
relationship of conhnecti on'bet ween the point .7 :

offset by a predetermlned lnterval e. g ' by 1/300 1nch, in- the1
.effected with a required res;lutlon, e.g., a res;lutlonn
necessary for forming correction data while the laser beam

5 advances by 1 inch (24:5 mm) -on the surface  of the
- photoreceptor drum l,-for instance, 'in a case where printing of
dot data outputted from a character generator is effected with

a 1/300 inch dot, a correction is made with a resoluti.on
four-fold the same, and hence the laser diode 6 is adapted to

10 be able to be turned on and off 1200 times while the laser beam
advances one inch. As a result, it is possible to virtually
realize a resolution of 300 dots/inch in the circumferential
direction x 1200 dots/inch in the horizontal direction for the
photoreceptor drum a§ é-wholé.. - .

15 When the writing by means of the laser beam is completed

| in the above-descriﬁed manner; portioﬁs' which were not

subjected-to irradiation with the laser beam still maintain a

high negative potential, while portions which were subjected to

the irradiation discharge charged particles and rise to a low

20 negative potential. |

In é development unit 11, on the basis of a potential

difference on the photoreceptor drum surface, toner is caused

by a toner sleeve 12 to be rubbed against only those portions

where writing has bgen effected, so as to allow the toner to be

25 selectively attracted by such portions, thereby converting a
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subj ect to printing-and hori zoft-al

edge data fromthe- second edge detecting-means; determ ning neans for
-outputtirng correction dot -data-whoese-size of -a dot.to be printed and-

position within the size of a norma

of the

nndulatlng means for outputting the dot for

signal

~

10

fron1the detern1n|ng means.

latent 1mage;to a toner 1mage.

-,In_ a-;trhnsfern;unit_.iB,-Lthé toner image_ on the

photoreceptor drum surface is transferred to recording paber.

The recording paper is conveyed at the same speed as the

_periphéral épeed of:the‘photoreéeptor drum 1 while being in

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

thermal fixing unit 14, the toner image transferred to the

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

is

20

25

to the recording paper. The thermal fixing unit 14, which is
arranged by iricorporating a heater 16 -in a roller 15, is
adapted to heat the toner imége on the recording paper while
;pplyipg pressure thereto so as to fuse toner particles and
allow-the same to adhere to fhe 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 cofrecting the dot pattern data in correspondence with
print data. The.control uni?.includes a central processing

unit (CPU) 20, a RAM 21 constituting a main storage unit and an
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DESCRTPTION OF THE DRAWNGS FIG 1I7is a schematic side viewof -a |aser
invention is applied; FIG 2 is a diagram
unit for nodulating a |laser beam of the apparatus shown .-

inFlIG 1, FIG 3 is a block diagramof a control circuit of the |aser
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operétioné, a “character- géneraﬁor 28 incorporating a font
storage unit in which data concerning a character set is
stored, and a buffer 23 for storing imagé-data to be inputted
directly as a bit map pattérn and bit map data from the
character generafb: 28. - | ‘

The central processing 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

genérator 28, and then stored in the buffer 23. As for this |

bit map data, its size and position are corrected by a
bit-map-data generating circuit 29 in correépbndence with the
relationship between fhe dot subjec;t to prj;nting and other dots
located in the horizontal and ve'rt:'_.cal directions of that dot,
gs will be déScribed later in detail, before the bit map data
is outputted to a laser beam modulator 17. In addition, the
central processing unit 20 controls the rotation of the
photoreceptor drum 1 by controlling the photoreceptor drum 1
via a bit shift circuit 30 and an addréss control circuit 31 so

as to render the rotation of the photoreceptor drum 1 suitable

for the writing of data.
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external storage device, a microcomputer constituted by a ROM -~

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



printer "using abit-rap-data generating circuit in accordance with the -~
present invention--FIG 4 is a-diagramillustrating a bit nap pattern

out putted-from a buffer show ng the character "$" as an exanple; FIG .5 is -
a schematic diagramiltustrating an exanple of a bit-map-data generating
circuit; FIG 6 is a dilagramiillustrating digital differentiation with -
respect to a horizontal direction for obtaining contour data, and |s a’
“di agramlllustratlng dat a- pri or to d|fferent|at|on .

Thé afo:'einenti'oned bit-map—data gerierating ci'rcuiﬁ- 29_ is
used to. correct the bit map data, such as the one shown in Fig.
4, outputted from -the character generator 28 into a smooth

- pattern, and is cqnnected between the character generator 28

"and the laser beam modulator 17.

(¥

When, f_or instance, the cl'_laracter "$" composed by a
combination of a curved line and a slanted line as shown in
Fig. 4 is outputted_ from the buffer 23, the bit-map-data
generating circuit 29 provides an output by adding a small dot
10 F' (Fig. 29) to a vacant portion F constituting a part of the
area indicated by within a circle denoted by reference
character E in the drawing, by shaving a dot G constituting a
stepped portlon (G" in Fig. 29), and by replacing with a small
dot R’ (Fig. 29) a dot R constltutlng a stepped portion of the
15 area shown within an ellipse denoted by reference character K
in the drawing. . . |
A coded signal for designating the character “$*" outputted
from an external device such as a personal computer is used for
reading from the font storage unit data for generating a bit
20 map pattern corresponding to that coded signal. The " coded
signal is converted to bit map data, shown in Fig. 4, by the
character generator.28, and is stored in the buffer 23.
If the bit map data outputted from the buffer 23 is
directly outputted to the la-ser beam modulator 17 without being

25 . corrected, stepped portions attributable to positional changes
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FIG~7is a di agranti’l | ustrating data obtained by differ- -entirating the-

data shown in FEG 6; -FIG 8 is a diagram-expl ai.ning digital -

differentiati on with respeet to. a vertical
.datsa, and is a diagramillustrating data prior to differentiation;

di rection for obtaining contour
FIG 9

I s-a dlagran1lllustrat|ng data obtained by differ- entiating the data shown

in FIlG

8, FIG 10 is a diagramillustrating a rising-edge, as viewed from

the | ef t-hand s{de'iﬁ'the hori-zontal direction, obtained -~ -
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in'the standard bit size are printed, as described before, with

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

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

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

While the bit pattern data of a serial signal format

outputted from the character generator 28 is shifted one bit at

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

plurality of lines, i.e., five lines in this example, has been

IThis Sheet Has Been Replacec _ 17 _




by dlfferentlatlng fhe pattern of the chardctér™$" shown in FIG 4. FIG =~
11 is g diagramillustrating -a rising edge, -as viewed-fromthe -horizontal
~direction, obtained by di fferentiating the pattern of the character-*$" - -
-shown in FIG. 4, FIG 12 is a diagramillwustrating a.rising edge, as V|emed
fromthe top in the vertical diréction, obtained by differen- tiaing the
pattern of the character "$" shown in FIG 4; FIG 13 is a di agram
|IIustraI|ng a falllng edge ‘as vi ened

stored in_the image data_storage-unit'él, the eddtess_eignel

éenerat5r742 aﬁd_the.wfité/read'contrel unit 43 iead'data-on

each column with N.lines'from the image data storage unit 41 in
synchronism with the timing of ptintiﬁg_ each dot, and

-5 - sequen_’cialiy output the same '_to a. shift register 44 of M
columns x N lines. After the data is stored in the shift
registet 44, a succeeding sighal indicative of 'a one-bit
portion outputted in serial signal format is stored in the
image data storage unit 41. The data stored in the shift

10 register 44 is digitally differentiated in the horizontal and
vertical directions by a first edge deteetor 45 and a second
edge detector 46 in synchronism with the write/read timings of
the address SLgnal generator 42 and the‘wrlte/read control unit
43, thereby extracting data on a contour portlon. “

15 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

20 (third bit) where a dot is present following a vacant portion,
and in a case where a vacant portion is present following a
dot, a signal "1" is generated at the position (seventh bit)
where the final qot is present, as shown in Fig. 7.

In addition, to digitally differentiate in the vertical

25 direction means that, with reference to an example of a pattern
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fromthe top in the vertical directiom obtained by -differen- tiating thhe -~
pattern of the character "$' shown in FIG 4; FIG 14 is a diagram
~illustrating-the relati onship between orginal patterns and data obtai hed by
classifying signals froman edge detecting circuit by a logical Circuit;

FIG 15 i's another diagramillustrating the relationship betmeen—orlglnal
patterns - and data obtained by classifying signals fromthe edge detecting
circuit by t-he logical circuit; FLG. 16-is-stLIl anot her diagran1"-
ilTustrating the relation-_ } B,

whlch contlnues from a second- blt to a s;xth blt in the Y-axis

—*, _‘dlrectlon, as shown in Fig.. 8, when v1ewed from the top, the -
signal "1" is generated at the p051tlon (x = 2, Yy = 6) where a
dot is present follow:.ng a vacant port:.on, and in a case where

5 | a vacant portion is present following a dot, the SLgnal "1l 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 ng shown in Fig. 4
is differentiated u51ng such a method, the data concernlng

10 horizontal rising edges is indicated by black dots in Fig. 10,
while the data concerning horizontal falling edges is indicated
by black dots in Fig. 11. Moreover, the data concerning
vertical rising edges is indicated by black dots in Fig. 12,
while the_ data concerning vertical falling edges is indicated

15 by black dots in Fig. 13.

The.rising and falling edge data obtained by horizontally
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

20 bit map data represent the horizontal characteristic of the bit
map data.

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

25 obtained from the bit map data of the original pattern, it is
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shi p between original -patterns and data obtai‘ned by:classi- fying-= _
signals fromthe edge detecting-circuit by the logical citcuit;.FIG 17 is
a further diagramillustrating the-rel ati onshi-p between orlglnal
and data obt ai ned by cIaSSnylng i . ) -

_possible to determine the relation in which the dot- subject to

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

whether that dot constitutes one of a series of horizontally or
vertically  contiguous d_ots, or constitutes a discopi:inuous
portion. | _

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

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

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

portions in which a dot may either present or absent.
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signals fromthe edge detecti-ng circuit by the Togical cirtcuit; FIG 18 is ™
a- further dlagran1ll}ustrat1ng the rel ati onship between ori gi nal

patterns

and- dat a- obt-ai ned by "cl assi fying si-gnals- f rom t he-edge -det ecti ng :ci r cui t-—by
theslogical circuit; FIG 19 is a further diagramillustrating the

rel ati onship bet ween ori gina

a_di agram schematically illustrating unlt dot data outputted fron1a
pul se- wi dt h nndulatlng circuit;
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That is, “as for the r;s;ng edges -of the horizontally

- differentiated’ @ata,:lf these data are claSSLfled;by_focuSLng

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

and by assigning classification codes A0 - A4 to their

configurations, and by focusing on the patterns of a lower

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

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

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

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

patterns and data obtained by” ¢l assi fying
signals fromthe edge detecting circuit by the logical circuit; FIG 20 i5s

focused point and by assigning classification codes F0 - F4 to

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

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

vertically differentiating original patterns are classified by

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

- 21‘_ ) This Sheet Has Been Repia
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FIG 21 i's anot her diagram schematically illustrating unit dot data
out putted fromthe -pul se-w dt-h nodul atsing circuit; FIG 22 is still another

di agr am schematically ill-ustrating unit. dot- data outputted fromthe -

pulsse-wi dth nmodul ating circuit;

illustrating unit dot data outputted fromthe pul se-w dth nodid ating -

circuit;

FI GS. 24a and 24b are a dlagran1lllustrat|ng an exanple of a .

sanpllng wi ridow; -
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their-configurétions, and by fccuSLng on the patterns of . a

class;flcatlon codes HO0 - H4 to their configurations, and if
the orlglnal patterns are classmfled on the basis of th;se
classificatioq codes, patterns as shown in Figs. 18 and 19 can
be obtained. |

The results thus obtained by .determining the
configurations by means of the:classifying units 47, 48, i.e.,
AO - A4, BO - B4, CO - C4, DO - D4, EO - E4, FO - F4, GO - G4,

and HO - H4, are used in determining by a determining circuit

49 to which form, i.e., to which of the groups of the patterns

classified in Figs. 14 to 19, the data of the focused point

belongs. The results CO0 - C4 and DO - C4 are uséd to classify
an original. péttern having a pattern symmetrical to the
patterhs 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 generatiﬁg data with varying pulse widths such aé

those shown in Figs. 20 to 23 by means of a pulse-width
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- focused painﬁ'and by assiéning4classificatibnncodes GO - G4 to

-left-hand reglon lncludlng the focused p01nt “and by assmgnlng.

PIG 23 is a further dlagran1schenat|bélly



FIGS. 251, 25 II" and 25 111 are an explandatory.diagramillustrating a case
in whi¢h a correction is made by adding.-a dot to the left side of a .

-hori zontal risi.ng portion in a process of -correction by applying the bit
map data on the character "$" shown in FIG 4; FIGS. 26 I, 26 Il and 25 ||
are an expl anatory di-agramillustrati-nmg 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” carrectiaon by applylng the bi t nap- data on the - . '

modula;or 50. In~other words, the data_result of the focuééd
p@iﬁt.is conveiﬁedstq data?ﬁor'prinfing.onglof'tﬂe-fdllowing;
dot patterﬂs:'a'pattern in:ﬁhich, if 1/4 of the size of one -
normal dot of the bit map data ocutputted from the buffer 23 is
5 assumed to be a unit size, tﬁe'position of the dot 6f this unit
size is offsetlby 1/4 a normal dot pitcﬁ, (60, 61, 62,-63 in
Fig. 20); a patterm ih which the position of a dot three-fold
the unit size is offset by 1/4 dot pitch, i.e., the right- or
left-hand side of the normal-size dot is shaved by 1/4 dot (64,
10 65 in Fig. 21); a pattern having a dot four-fold the unit size,
i.e., the normal dot (Fig. 22); a pattern having a size of 5/4
dot projecting toward the print starting side (i.e., leftward
in the drawing) by the upit size as compared with the normal
dot-(66 in Fig. 235; and a-pattern having a size of 5/4 dot
15 projecting rightward in the drawing by the unit size as
compared with the normal dot (67 in Fig. 23) |
The shift register 44 constitutes a sampling 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
20 on the 1line immediately preceding the " line including the
focused ?oint is stored in Rl to R3; the data on the saﬁe line
as that of the focused point and located just before and after
the focused point is stored in R4 and R5; and the daté on the
line immediately following the line ihcluding the focused point

25 is stored in R6 to R8. In addition, auxiliary data for
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character "$" shown in FIG 4; FIGS. 27 |27 IH and 27411 are an

expl anatory diagramillustrating a.case in which a correction is imade by -

shavi.ng a left. side portion of .a .vertical-rising.portian in the process_of-
correction by applying the bit nap data on the character "$" shown in FI G

4; FIGS. 28 [ 28 11 and-28 11+ are an explanatory .diragramillustrating a. .
case in which a correction is made by adding a dot in a vacant portion
| ocated. on the |eft- hand side of a - - - - -

calculatlng data on boundary portlons at’ the tlme of vertical

m'dlfferentlatlon is stored in R9 .to R16 while aux111ary dataf

 for calculatlng such data at the tlme of horlzontal
differentiation is stored_in R17 to R20. That is, data.on an’

"5 (n - 2)th line is étored in the-reéions-RS to R12; data on an
(n - 1)th line is stored in the regions R17, R1 to R3, R18;
data on the n-th line is stored in the regions R4, RO, R5, R21;
data on the (n + 1)th line is stored in the regions_ng, R6 to
R8, R20; and data on the (n + 2)th line is stored in the

10 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. | ) '

15 For this reason, with respect to an example of, for
instance, the bit map pattern shown in Fig. 4, in a case where
the vacant portion F in the area- indicated by xreference
character E in the drawing has is to be printed (a focused
péint), a determination is made not at that point ﬁf time but

20 when a dot H constituting an adjacent rising edge is stored in
the focﬁsed point RO of the shift register 44. That is, a
determination is made at a point of time when data such as the
one shown in Fig. 25(I) is stored in the shift register 44.
Consequently, edge Qata such as the one shown in Fig. 25(II) is

25 6utputted from the first edge detector 45. The classifying
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vertical rising portion:in the process-of correction by appty- - -6 - ing
-the bi-t map data on the character "$" shown in ELG 4; FIG 29 is a diagram
i Flustrating a+esult of correcti.on by -applying the bit map data on.the.
chafacter."$ﬂ shown in FIG. 4; _ ) .

- circuifﬂ477éfféctépajdeterminéfioﬁ byicléssifyiﬁg-this-edge
data (ﬁig:_ZS(iI))fintq.an ﬁpper ?a;tern ;hcluding.the_foéuged -
point 36 and é“loﬁei.pattern inclu&ipg the focused pointhO-by
means of the above-described technique, thereby classifying the

5 former pattern_as a2 ;nd 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. As

.a result, it is determinea that it is necessary to add a 1/4
10 dot to the position located'one space ahead of the focused
point RO, i.e., to the vacant portion F. Hence, a command is
given to print a dot, sﬁch as the one shown in Fig. 25(III) of
the same drawing, i.e., a dot (F%g. 23) longer along the
left-hand side by.l/é a dot ﬁhan the normal dot. It should be
15 noted that éince these calculated results are outputted at a
stage which will be in time for printing at least 1/4 dot ahead
" of a timing for SFarting the actual'printing, the irradiation
point gf the laser beam is present at the vacant portion F.
As a-result, as the printing-of the dot is started at a
20 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 5y reference numeral 66,
is printed. That is, F’ shown in Fig. 29 is printed.
In addition, when G in the circle denoted by refefénce'

25 character E becomes a focused point QO0, a pattern such as the
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FIG 30 is atimng diagram’illustrating the operation in accordance wth _
the -present invention; FIG 3% is a-circuit diagramkllustrating-an exanple
of a menory devi.ce-for storing video data. outputted froma buffer, FIG -32._.
is a schematic diagram.illustrating the storage and readi ng of data by
simul ating the opefation of the menory device shown in FIG 31 in the form
of printing; FIG 33 is acircuit diagramillustrating an exanple of a

‘one shown in figﬁ 56(1) is séo;ed in the shift register 44,
._With the rgéuli that'data.éhowﬁ:in:Fig. 26 (-I1) ié-outputtea'g

from the' edge detector 45. The classifying cifcuit 47

classifies the upper pattern including the focused point Q0 as

5 Al and the lower patterﬁ including the focused point Q0 as B2.

As a result, the'patterns including-the focused éoint Q0 and

présently stored_in the shift register 44 are classified as Al

and B2 (patterns surrounded by a block indicated by a dashed

line in Fig. 14). The determining circuit 49 outputs a signal

10 for printing a dot (the dot denoted by reference numeral 65 in

Fig. 21) (Fig. 26(III)) in which the left-hand side of the

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

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

the focused point’QO upon the butputting 6f the calculated

15 - result, the printing of the dot obtained by the calculated

result is commenced, thereby printing tﬁe patﬁern indicated as

G’ in Fig. 29. In cbnsequence, 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

éo in the order of 1/4 dot and 3/4 dot, so fhat the vacant portion

F is converted to a smooth.pattern.

With respect to horizontally extending lines as well, the

dots are corrected through similar processing. That is, as for

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

25 the dot R is stored in the shift register 44 as the focused
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shift regrster-constituting the sanpling wi ndow, FIG -34-is acircuit - --
diagramillustrating an exanple.of a rising-portion edge detecting circuit
constituti-ng-.a part-of a.-first edge detector; FIG 35 is a circuit dlagram
illustrating an exanple of a falling- portion_edge detecting circuit
constituting a part of the first edge detector; FIG 36 is a-circuit
diagrami- lustrating an exanple of a r|S|ng portlon edge detectlng CIrCUIt
constltutlng a part of a :

point Q0, data shown in- Fig. 27(I)T~is _stored, " so ;hai-_i -
Tavertlcally dlfferentlated data (Flg. 27(&1)) from the édge_.;"
detecto; 46 is used. The classmfylng circuit 48 ClaSSlfleS the ;
right-hand pattern including the focused point Q0 as El and the
5 . .left-hand pattérn inciuding 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
10 beam moves to the right-hand side by 3/4 dot after reaching the
focused point QO upon the outputting of the calculated result,
thereby printing a pattern indicated by R’ in Fig. 29.
Furthermore, when a' vacant portion L surrounded by
reference character K-becomes the focused point Q0, a pattern
15 as shown in Fig. 28(I) is stored in the shift reéister 44, and
. edge data, such as that shown in Fig. 28(IIj, is outputted from
the edge detector 46 as the vertically differentiated pattern.
The classifying circuit 48 classifies a right-hand region of
the pattern one dot below the focused point Q0 as Gl and a
20 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
25 Fig. 29.
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second/ edge det ecétor’,

second edge- det ect oF,
of a classifying CIrCUIt for classifying-an original
of a rising edge fromthe edge detector shown in FIG 34; FIG 39 is a

circuit diagramillustrating an exanple of
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Thereafter, as described above, the array of dots in the’

samplihg_reg;pﬁ is classified on the basis of the horizontally

and vertically differentiated data of the original pattern, and

if it is determined as a result of this classification that the

focused péint corresponds to an edge portion, an”operation is
conducted in which a do% smaller than .the normal dot is added
in a vacant portion horizontally adjacent to the focused point,
the dot at the focused point is corrected into a small dot by
being shaved, or in a case where an edge portion is present
adjacent to.the focused point even if the focused point is a
vacant portion, a dot smaller than the normal dot is added.
Although in Fig. 29 the dots are each shown as having a
square configuration to facilit_ate_an understanding of the
descri;_:ition, . at fhe stage ‘where the dots are print.:ed' on
recording paper, the dots assume a smooth configuration since
the small dofs are fused with each other in such a manner as to
be attracted _by the surrounding normal dots owing to the
expansion and blurring of -tlie laser beam, electrostatic
induction of the ‘dots on the photoreceptor drum, the size of
the toner pafticles, and the liké. As a result, each stepped
portion i‘esulting 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 po.rtions requiring correction

are detected by using as index data the data on contour
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"FI'G 37 is a circuit diagramillustrati-ng-an exanpl e
of a falling-portion edge-.detecting circuit constituting a part of the
FIG-38 is a circuit diagramillustrating an. exanple
pattern on the basis



another classifying circuit Tor classifying an original pattern on the
basis of a falling edge fromithe edge detector shown in FIG 34; FIG 40 is
a-circuit diagramillustrating an-exanpl e of- anot her -el assifyi-ng circuit
for> classifying an original pattern in which a dot is-present at a focused
poi nt anDng'outputs fromstill another classifying circuit for- classifying
an origi- nal pattern in which the focused point is a vacant portlon anDng
t he "out put s fron1the edge detectors shomm in FIGS -

_ port;ons qbtalned-by"differentiating-ﬁhe 6riginal_§étﬁern,—

'peeterns_qf“abbut SlOO_kinQS or -thereabouts can be classified

into about 150 kinds or thereabouts. ‘Aceordingly, it is:

possible to not only eimplify the circuit configuration but

5 also effect a calculation by software within the time periOA'
for printing one dot, so-that it is possible to lmplement the
apparatus not only in hardware but also in software.

Fig. 31 illustrates an example of the image data storage
unit for storing data of the eerial signal format outputted

10 from the buffer 23.

Flip-flops 70, 71, 72} 73, 74 constitute a vertical shift
register 75 for sequentially shifting a video signal (VIDEO) of
the serial signal format from the buffer 23 which has been
inputted to an'input_terminai 76, in the column direction -

15 (i-e., in the sub—scanning direction) by means of a shift
signal (SEIFT CK) from an input terminal 83 ‘The output from
the Shlft register 75 is stored in. an image memory 78
constituted by a static random access memory or the like via a
tri-state circuit 77. The memory 78 is controlled by a
20 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

25 synchronizing signal (HSYNC). The memory 78 outputs a portion
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36 and 37; FIG 41 is a cirtcuit diagramildustrating-an exanple othstiLI.
anot her classifying circuit for classifying an original pattern -7 - in
whi ch-the focused point..is a.vacant portjon anong the outputs fromthe edge
detectors shown in FIGS. 36 and 37; .

'cf one column with flve llnes of data stored . theréln through
;'output termlnals 84 to 88 during the flrst half of the video- .
clock, and to store the signal of one bit from the shift

register 75 during the latter half of the video -clock.

5 i That is, with reference to the férm of prihtihd, 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 the memory 78. 1In this state, data 90 on the N-th to
the (N + 4)th lines ih the first column is read in the parallel

10 signal format in synchronism with the video clock during the
first half of the wvideo clock, while one-bit data 91 on the
(N + 5)th line in the first column outputted from the buffer 23
is_stored during the latter half of the video clock. Aas a
result, data 92 on the N-th line in th; first column disappeats

15 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

20 is repeated.

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

25 flip-flops 104 to 108 are connected in series with the output
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FIG 42-is acircuit diagramilluostrating-an exanpl.e of a detetm ni-ng-
circui,t for outputting correction data on the basis of outputs fromthe. .

classifying circuits shown in FIGS- 38.to 41; FIG 43 is a circuit dlagran1_,

ilbustrating an exanple of a pul se-wi dth nodul ator faor outputting print
dat-a on'the basis of data fromthe determining circuit sfiown-in FIG 42:
FIG 44 is a diagramillustrating bit map data in a case where ever
character "$" shown in FPG. 4 is-corrected-by

: termwnal 85 of the memory 78; D- tyoe flip-flops 109 to 112 are
| connected in serles with the outpuc termlnal 86-. of the memory
78; D-type fllp-floos 113 to 117 are connected in series with
_ the output terminal 87 of the memory 78; and D-type flip-flops
5 : 118 to 121 are connected. in series with.the-output 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

10 dotted-line block indicated by reference numeral 12i in the
drawing) constitute a window for detecting edges as viewed
vertically.

In addition, the flip-flops 114 - 117 (surrounded by a
block indicated by reference numeral 123) constitute 'a window

15 for detecting edges as viewed horizontally. The flip-flop 111
located at-the central portion of the two blocks stores data'on
the focused point. It should be noted that although the
flip-flops 100, 118 do not contribute to edge detection, they
are provided forxr timing purposes for the shifting of data.

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

25 ensuing read timing of the memory 78. Concurrently, data on
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enlarging the sanpling window, FIG 45 is a bloctk diagramililustrating an

enbodi-rent in a case where- the present invention.is inplenented by neans of

software; -FIG 46'is.a dilagramillustrating an-outline of -a programto be.

executed by the apparatus shown in FIG 45, FIG 47 is a diagram
illustrating Bit map data showi ng a resul-t of enlarging the w ndow.and
per form ng calculatron wi th respect to the character " shown in FIG 4 by

means

15

20

25

the five lines in an sdcceeding column are 'stored in the-

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

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

-Figs. 34 and 35 illustrate an exaﬁple of the first edge
detector 45. Fig. 34 shows an edge rising-portion edge
detecting circuit for detecting a position where a vacant
portion is changed over to a dot-present portion when seen from
the left-hand side in the horizontal direction, while Fig. 35
shows a falling-portion edge detecting circuit for detecting a
position where the dot-present portion is changed over to the
vacant portion when seen .from 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 provi@ed is such that signals from the flip-flops
of the shift register shown in Fig. 33 are inputted to first
input terminals of the AND gates 170 - 176 via the inverters
160 - 166 and are inputted directly to the other terminals of
the AND gates 170 - 176.

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

inputted, in a case where the signal of a time-wise preceding
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of softWware;” FIFG 48 is a~bl ock di agranrshow ng a bit-map-data generating--
circuid according to another enbodi ment of the invention; FIGS. 49 and. 50
are timng charts show ng the operati-on of the enbodinent of .FIG 48; -FIG. .
Sl<is’a Tircuit diagramof an inmage data storage unit. used in the

enbodi nent of FI G 48 FIG 52 is a schematic chart-illustrating, in the
fornlof a :

Edlﬁmn-ig "0 and—the signal-of-énTensuing'column is "1", the-
'siénal. “0" is” 1nputted to a 'termlnal 138,' this. s*gnal is .
converted to a “1" by the inverter 160, and the signal "1" is
lnputted through a termlnal 137. As a result the signal "1"

5 is outputted from the AND gate 170, so th;t a rising signal "1"
is outputted from an output terminal 180. '

The falling-portion detecting circuit shown in Fig. 35
includes inverters 200 - 206 and AND gates 210 - 216. The
arrangement provided is such that signals from the flip-flops

0 of the shift register shown in Fig. 33 are inputted directly to
the first input terminals of the AND gates 210 - 216 é;d are
inputted to the other terminals via the inverters 200 - 206.

éince the signal inputted directly to the AND gate 210 is
a signal one column earlier than the signal inputted via the

15 inverter 200, in a case where the signal of a time-wise
preceding celumn is "1", and the signal of a succeeding cblumn
is "0", the signal "1" is inputted to the terminal 137, the
signal "0" is inputted to a_teimipal 136, and this signal is
converted to a "1" by the inverter 200. As a result, the

20 . signal “1" is outputted from tﬁe AND gate 210,'so-that a
falling éignal "1l" is outputted from an output terminal 220.

Figs. 36 and 37 illustrate an example of the second edge
detector 46. Fig. 36 shows an edge rising-portion detecting
circuit for detecting a position where a vaéant portion is

25 changed over to a dot-~present portion as viewed from.the top ih
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printing procedure, dafa sioragé and read operaTions on“the inage data
storage unit of FIG -51; and FIG 53 is a circuit diagram show ng a shift
regi ster constituting a sanpli-ng wi ndow-that is used-i-n the enbodi - nment. of
FI G 48 DESCRI PTI ON OF. THE PREFERRED EMBODI MENTS FIG. 1 illustrates the
configuration of an exanple of “a Iaser printer, in which a photoconduct or
drun11 S arranged

. A

the vertitéi-'diréttion;' whiie jFig. 37 shq&éh an edge

_ falling=portion detecting cirbﬁit'for dgtecting-a_;msition:
where the dot-present portion is changed oter to the vacant
portion as viewed from the top in the vertical direction.

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

10 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
inputted, in a case where the signal of a time-wiée preceding

15 . line is "0", and the signal of a succeeding line is "1°", the
SLgnal "0" is inputted to a terminal 133, is converted to a "1"
by the inverter 230 and is outputted to the AND gate 240, while
the signal "1°" inputted to the-terminal 137 is outputted
directly to the AND gate 240. As a result, the signal "1" is

20 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
artangement provided is such -that the signals from the shift

25 register are inputted directly to first input terminals of the
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such -t hat —a phot ocondactive | ayer irs formed on the surface-of a drum-driven-
by a notor.in a direction indicated.by an arrow A in the draw ng.. Before

print data is witten on the phatoconductor drum 1, toner -remaini-ng on its
surface is renoved by neans of a rubber blade 2, and tesidual charge -8

AﬁDtga?es'270 ;_273, and Fﬁé'signals.from.ﬁhe shift register

a#e inputted to the othe?-inpup.te;minalé_of'the ANp;éatés-ziO
- 278 via the inverters 260 - 268.

Since the direct;y inputted signal_is a signal one line

s earlier than the signal inputted vié the inverter 260, in a

case where the signal of a time~wise préceding liné is "1v, and-

thé signal.of'a succeeding iine is "0", the signal "1" is

inputted to the terminal 137 and is outputted directly to the

AND géte-270, while the signal "0" inputted to a terminal 142

10 is converted to the signal "“1" by the inverter 260 and is
outputted to the AND gate 270. As a result, the signal "1" is
outputted from the AND gate 270, so that a rising signal "1" is
outputted from an output terminal_zap.

Figs. 33 and 39 illustt;te an example of the classifying

15 circuit 47 for determining the kinds of the stepped portions of
lines respéctively extending vértically. Fig. 38 shows a.
circuit for claésifying the rising stepped portions, while Fig.
39 shows a circuit for c;aésifying ~the falling stepped
ﬁortions.

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

25 circuit, which includes inverters 290, 2391, AND gates 293 -
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is elimnated by being di scharged by uniformirradiationwith Iight froman
erase tanp 3:'After-cleaning, I ons generated by a charge generator, e.g., .a

corona di scharge unit 4--are-supplied to the photoconductor drum 1, so that ..

t he photoconductor druml is charged to a fixed surface poten- tial. At a
st age "where such preparations have been cont pleted, the photoconduct or
drum1 is irradiated with a | aser beam from a | aser-beam generator 5,

t her eby allomnng dat a to be WW|tten |n a sel ected area.

301, OR gates 303, 304 NOR gates 305, ‘306, 308, eFfects the -

followingndete%minations;on the. basis of data on a;ziSing_ _

portion obtained:by'horizontally“differentiatiné the original

pattern:
5 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

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

IF D8=1 AND D10=1 THEN AMOUNT OF CORRECTION=0
10 Thus, those patterns which do not require correction are

selected on the basis of the relationship between a focused
point and the differentiated data surrounding the same, and a
carry signal is outputted to an output terminal 310.

Then, the patterns are classified through the following

15 _'logical.calculations: .
IF D1=1 THEN A2
IF DO=1 ] ’ THEN Al
IF D2=1 - THEN A3
IF D9=1 THEN B2

20 IF D8=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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‘'The | aser beamis nodul ated as el ectric power supplied to cause & |aser-
diode to enit light, as shown in FIG 2, is turned on and off in conformty

with-data-to be printed.. A laser. beam7 fromthe.laser diode 6 is

col’limated by a collinmator Iens 8 and is then converged onto a scaﬁnlng
mrror 9. The scanning mirror 9 is a regular polygon mrror secured to a
rotating shaft of a notor 10 and effects horizontal scanning across the

-surface of the photocoaductor drun11 as the | aser bean1|s noved
horlzontally in the

.. to an-output termlnal_314 (V;AB Rise) in the case of.A3,

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

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

"5 and

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

It should be noted the arrangement of the differentiated data

is defined as follows:

DO D1l D2

10 D8 D9 | D10

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

15 shown in Fig. 35 so as to correspond to the same). This circuit,
.which includes inverters 320, 321} AND gates 322 - 330, OR gates
331, 332, and NOR gates 333, 334, 335, executes classification

based on logical .calculations similar to those of the circuit

shown in Fig. 38.

20 The following determinations are made on the basis of data

on a falling portlon obtained by horizontally dlfferentlatlng the

original pattern'

IF X=0 THEN AMOUNT OF CORRECTION=0
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direction of reference character Cin the drawing as the scanning nirror 9
is rotated by neans of the notor 10-rotating in a direction indicated by

ref erence character.-B in the drawing. Wile the | aser beam scans the Iength_—

of *the photocon- ductor drum 1, the photoconductor drum1 also rotates in
the direction of "arrow D, so that the entire surface-of the photoconductor
drum 1 is covered with a-raster image. Since the rotating speed of the

ot or

15

20

"10 for dri vi ng the scannlng ) _
IF D0O=0 AND D1=0 AND 02=01 . THEN-AMOUNT OF CORRECTION=0
 If}D8=O'ANﬁ1DQ=0.AND D10=0  -THEN AMOUNT:QF CORRECTION=0
IF DO=1 AND D2=1 - " THEN AMOUNT OF CORRECTION=0
IF DBfI AND D10=1 THEN AMOUNT Of CORRECTION=0
Thus; those patﬁerns'which db not‘require correction are selected
on the basis of the relationship between a focused point and the
differentiated data surrounding the same, and the carry signal is
oﬁtputted to an output terminal 340.
Then, the patterns are classified through the following

logical calculations:

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

The carry signal'isfoutputted to the following terminals in
;he respective cases as a result of the classification:

to an output termihal 342 (V C1 Fall) in thé case of Cc1,

to an output terminal 343 (V C2 Fall) in the case of C2,

to an output terminal 344 (V C3 Fall) in the case of C3,

to an output terminal 345 (V D1 Fall) in the case of D1,

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

to an output terminal 347 (V D3 Fall) in the case of D3,
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mrror 9 and that of tfie motor for driving thé photoconductor drum l-are
set to-synchronize, scanning with the | aser beam per cycle Ls offset by a
predeterm ned interval ,- e-g., by [err] inch, in the circunferential -

direction. In a.case where printing is to be effected.wth a required _
resolution, e g., a'resolution necessary for.form.ng correction data whil e
the | aser beam advances by 1 inch (24.5 mm) on the surface of the i

phot oconduct or drum 1; for i-nstance, in‘a case wher e pr|nt|ng of dot -data -

outputted froma character generator IS

10

15

20

is defined as’ followe;'

It should” be noted the arrangement of the dlfferentlated data

DO Dl | .D2

X

D8 D9 D10

Figs. 40 and 41 illustrate an example of the clessifying
circuit 48 for classifying the kinds of stepped portions of lines
respectively extending horizontally into a plurality of groups.
The circuit shown in Fig. 40 comprehensively classifies the
stepped portions of rising and falling portions in cases where a

dot is present at the focused point, while the circuit shown in

Fig. 41 comprehensively classifies the stepped portions of rising

and falling portions in cases where a vacant portion is present

a2t the focused point.

The classifying circuit shown in Fig; 40 is connected to the

output terminals shown in Figs. 36 to 39. Input terminals 250 -

- 252, 254, 256 - 258 of this circuit are identified with the same

_reference numerals as those of the output termlnals 250 - 252, 256

- 258 of the vertical rising-portion edge detecting circuit shown
in Fig. 36, those of the output terminals 280 - 282, 284, 286 -
288 of the vertical falling-portion edge detecting circuit shown
in Fig. 37, and those of the output terminals 311, 341 of the
rising edge detecting circuit and the falling edge detecting

circuit of Figs. 38 and 39 as viewed horizontally so as to
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“effécted with a [err]T inch dot, a CTorrection is made with a resol ufion

four-fol d-the sanme, and hence- the | aser diode 6 is adapted to be able to be .

.turned on and off. 1200 ti nes-whi-le the | aser
_result,

beam advances onme inch.-~As a -
it is possible to virtually realize _a resolution of 300 dots/inch

in the-circunferential directionx1200 dots/inch in the horizontal direetion
for the photoconductor drum as a whol e. \Wen the witing by means ofthe

n

| aser- beamis conpleted iR the above- descrlbed manner,

ot

15

20

correspond to” the same. Thls c1rcu1t includes AND aates 350 -

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

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

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

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

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

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

logical calculations:

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

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

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

o

portlons which were
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subj ected to iTradiration with fhe Faser bedmstill maintain a ---9-- high
negative potential, -while-portioens which were subjected to t he |rrad|at|on
-di schar ge charged-partlcles and rise-to-a low negative potentlal Ina .
_dev*el oprrent unlt 11 on the basis of a potentlal _

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

- follow:.ng loglcal ca1culat10ns~ : .

IF DS=1 AND D3=1  °  THEN E6
ELSE IF D3=1 - THEN E3
5 ELSE IF D4=1 ... - THEN E2
ELSE IF D5=1 - _ ' THEN E1
ELSE S | 'EO
IF D8=1 AND D6=1 | THEN F4
ELSE IF D6=1 THEN F3
10 ELSE IF D7=1 THEN F2
ELSE IF D8=1 THEN F1

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

It should be noted the arrangement of the differentiated data

20 is defined as follows:

D5 D8

D4 X D7

D3 D6
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di fference on"thé photoconduct or ~drum surface, toner is caused-by-a tener
sl eeve~12 to be rubbed against only those portions where witing has been
ef fected, so as to-allowthe toner--to -be-selectively attracted. by such . o
portions, thereby converting a latent inmage to a toner image. In a transfer
unit 13, t-he torer image on the photocon- ducter drurrsurface is - :
transferred to recordi ng paper. The recording paper is conveyed at the sane
speed as the perlpheral speed of ~the photobonductor drum 1 mhlle belng

. The c1rcu1t for ClaSSlfYLHg falllng pOIthnS, showﬁ in Flg
'.41, is connected to, tﬁe output te*mlnals shown in Flgs 36_and 37;-
The input termlnals 250 - 252 255, 256 —-258 of this c1rcui£.are
_indicated by the same reference numerals as those of the output
5 terminals of the vertical rising'portion eége deteeting circuit
shown in Fig- 36, and those of the output terminals 280 - 283, 286
' - 288 of the vertical falling-portion edge detecting circuit shown
in Fig. 37 so as to correspond to the eame. This circuit includes
AND gates 410 - 428, OR gates 431 - 436, NAND gates 438, and
10 inverters 440 - 442. |
If the input signal represents a rising edge portion, a
classification is executed by conducting the following logical
calculations:

IF D5=1AND D3=1 = THEN G4

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

ELSE ' o GO
IF D8=1 AND D6=1  THEN H4
20 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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in contact with the photoconductor drum 1, and the toner on the
phot ocenductor drum 1 is drawn thereto by neans of an electric field
appli ed through the rear surface of the record- ing paper se as to adhere
to*the surface of the recording paper. The photoconductor drum 1 further
rotafes as it i's, and is then subjected to the aforenentioned cleani ng
process so.as to prepare for formng an ensuing el ectrostatie imge. In a
thermal fixing unit "14, thhe toner image transferred to the recordi ng paper
is. thermally fused so_as to fix the toner

portlon, a class;flcatlon is executed by conducting the follow;ng

loglcal calculatlonsf: S - T . - i-: - =

IF D5=1 AND D3=1 . THEN G4
ELSE IF D3=1 ~ THEN G3
5 ELSE IF D4=1 - | THEN G2
.ELSE IF D5=1 ' . THEN Gl
ELSE HO
IF D8=1 AND D6=1 THEN H4
ELSE IF D6=1 | THEN H3
10 _ELSE IF D7=1 THEN H2
ELSE IF D8=1 THEN H1

ELSE . : 0
.The carry signal'is dutputte& to.the following terminals in
the respective cases as a result of the classification:
1s . to an outéut terminal 433 (H G1) .in'the case of Gl,
to an output terhinal 432 (H G2) in the case of G2,
to an output terminal 431 (H H1) .in the case of Hl, and
to an output terminal 430 (H H2) in the case of H2.
It should be noted the'arrangeﬁent of the differentiated data

20 is defined.as follows:

D5 D8

D4 X D7

D3 D6
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image to the recording paper.--The thermal fixing Gnit 14, which s arranged- -
by incerporating a heater 16 in a roll-er 16, is adapted to heat the toner .
Firage-on the recordi ng paper -whi-l e- apptyi ng-pressure t-hereto so as-to fuse
torfer particles and.allow the. same to adhere taq the recordi ng paper through
fusion. FIG 3 illustrates an exanple of a control unit for -con- trolling-

all the aperations of the printing process; and which controls the |ight
controlling.unit "and the photoconduct ar : : o :

_Tﬁe sigﬁals 6q;putied ffoﬁ'tﬁe_classif&ing_dircuité-ghowﬁ ih-
TFigsﬂ;38'§o 4IFillﬁstratg'in-groups'Ehe_fbrms;of;thé;driginal
patterns.stored in the shift registers 44. |
That };,_if the carry signals A0 - A4 and the carry signals
"5 B0 - B4 from the cléssifying circuit shown in Fig. 38 are
combined, it is possiblé to recognize the original pattern having
a riéing edge, shown in Figs. 14 and lS, as viewed horizontallj.
In addition, if the carry signals CO0 - C4 and the carry
signals DO - D4 from the classifying circuit shown in Fig. 39 are
10 combined, it is possible to recognize an original pattern having
a pattern symmetrical to the patterns shown in Figs. 14 and 15,
i.e. with respect to a vertical line, an original pattern having
falling edges as viewed horizontally.
| I1f thelcarry signals E0 - E4 and the”carry.signals FO - F4
15 from the classifying circuit shown in Fig. 40 are combined, it is
possible to recognize an original péttern in which the dot is
present at the focused poin£ among the edges shown in Fig. 16 and
17, as viewed vertically.
Furthermore, if the carry signals GO - G4 and the carry
20 signals HO - H4 from the claSsifying circuit shown in Fig. 41 are
combined, it is possible to recognize an original pattern in which
the dot is not present at the focuéed point among the edges shown
in Figs; 18 and 19, as viewed vertically.
Fig. 42 illustfates an example of the determining circuit 49

25 described in connection with Fig. 5. This determining circuit 49,
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drum by correcting the dot pattern data rn‘cdfrésﬁbndence wi th primt data.—
The control unit includes a central process- ing unit-(CPU 20, a RAM 21
constituting a mai-n 'storage uni-t and an external- storage device, a -. -_ .
m croconputer con- stituted by a ROM 22 for storing a-program for

control ling the various operatlons ‘a character generator 28 |ncorporat-
ing a font storage unit in which data concerning a character set is stored,
and a buffer 23 for storing.inmge data to be |nputted directly-as-a bit map-
- pattern.and bit map data from . - -- - .

' upon rece1v1ng the carry 51gnals from the ClaSSlleng c1rcults

shown in Figs. - 38"tQ 41, de;ermlnes-the size of the dot to be -
printed aﬁd a printing position thereof. The'input-terminalg of 
the determining circuit 49 are indicated with the same reﬁerence
5 numerals as those of the output termlnals shown in Figs. 38 to-41,
i.e., 312 - 317 (Fig. 38) 342 - 347 (Fig. 39), 400 -~ 403 (Fig.
40y, and 430 - 433 (Fig. 41). This circuit includes AND gates 440
- 451 and OR gates 460 - 469.
When the carry signals (Al, Bl), (Al, Bzi, or (A2, Bl) are
10 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,
.i1.e., the unit dot to the left-hand side of the focused point.
Moreover, when the carry signals (A2, 53){.(A3} B2), or (A3, B3)
15 are outputted from that classifying circuit, the determining
circuit outputs through its outéut terminal 471 a.Signal for
shaving the left-hand side of the dot at the focused poinﬁ by the
porﬁion of the_unit dot.
When the carry signals (Cl, D1), (Cl, D2), or (C2,.D1) are
20 outputted from the classifying circuit shown in Fig. 39, the
determining circuit outputs through its output terminal 472 a
signal for shaving the right-hand side of the normal dot by 1/4
dot. Moreover, when the carry signals (C2, D3), (C3, D2), or.
(C3, D3) are outpﬁtted, the determining circuit outputs tﬁ;ough

2s its output terminal 473 a signal for adding 1/4 dot to the
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thé character generator™28. ~ - 10 - ~"The central”processing unit 20 -

receives a ctock signal supplied-froma clock signal generating citcuit 24.
Coded-data out putted f.rom an external device 25 such- as-a personal conputer..
isfetched by a bus 27 via an interface circuit 26, .

right-hand si&e'éf thé'normalidot.. _ ' _

When the-dérry_gignalé_(Ez, Fl)-aré outputtedfﬁrbm the:
classifyinq circuit shown in Fig. 40, the determining circuit-
outputs through the output terminal a signal for shaving the

5' left-hand side_of the normal dot at the focused point by 1/4 dot.
| Moreover, when the carry signals (E1, F2) are outputted from that
classifying crrcult, the determlnlng circuit outputs through the
output terminal 472 a signal for shaving the right-hand side of

the normal dot at the focused point by 1/4 dot. _

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

15 outputted, rhe determining circuit outputs through its output
terminal 475 a signal for adding 1/4 dot at a position a 1/2 dot
space apart to the right from the focused point.

Fig. 43 illustrates an example of the pulse-width modulating
circuit 50 shown in Fig. 5. This pulse-width modulating circuit
éo 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

25  flip-flop 481 for receiving the signal from the output terminal
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processed by a“printer control comrand, converted-to -basi-c bit fmap-data for -
nodul-at i ng-t he | aser -beam by the character generator 28, and then stored in
the buffer 23.-As for.this bit- map data, its. size_and position are

corrected by a bit-map- data generating circuit 29 in_corrtespondence ‘With
the rela- tionshi-p between the dot .subj.ect to printing and ot her dois

| ocated in the horizontal and vertical directions of that dot, as will be
descri bed | ater |n detail, before the bit nap dat a |s outputted to a Iaser
beanlnndulater 17 In adetlon ‘the .

'470 of the determlnlng c1rcu1t 49 and the thlrd clock 51gnal L3
. a f1lp—flop 482 for rece1v1ng the SLgnal from ‘the output termlnal-'
471 of the determining circuit 49 and the third clock signal L3;
-a flip-flop 483 for receiving the siénal from the output terminal
5 475 of the détérmining circuit'49 and the tﬁird clock sigqal ﬁ3;
a flipfflop 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;
10 and a flip-flop 486 for receiving the signal from the output
terminal 473 of the determining circuit 49 and the first clock
signal Ll. The output signals from the flip-flops 480 - 486 are
synthesized by the clock signals L1 - L4, .inverters 499 - 493; AND
gates 495 - 499,-0R.gatés 500 - 563, and NAND gates 504 - 5-5, éo
15  as to output to an output terminal 506 a siénal having a pulse
width cofrasponding to the signal from the determining circuit.
If it is assumed that data S4' is outputted from thé buffer
23, data S4 which is on the same ‘column as that of that data but
on a-precediné line is read from the image memory during the first
20 half of the video clock and is stored in the shift register, and
the data S4’ being presently outpﬁtted'is.stored in the image
memory during the latter half of the video clock. Moreover, data
S2 preceding by two columns is stored in the flip-flop 111 of the
shift register foxr stbring the" focused boint, and that data is

25 used as an object of calculation.
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cemtral

processi ng uni t=20 -controls the rotation of the pho- toconductor

drum 1 by controlling the photocanductor drum1 via a-.bit shift circuit 30 .
and an address control. circuirit 3% so .as to.render the rotation of the
phet oconduct or drum 1 SU|tabIe for the witing of data. The aforenentioned
bi t - map-data generating circuit 29 is.used to correct the bit map data,
such- as the one shown in FIG 4, outputted fromthe character generator
into a snooth pattern, and is-connected between the character-

10

15

20

25

Slnce data subject to prlntlng is data S1 for whlch the

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

28

which the calculation is being executed, even if data indicating

-a- vacant portion is stored in the focused point of the flip-flop
and no signal is present concerning the addition of a dot to the

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

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

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

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

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

Although in the above-described émbodiment data on a portion

of 3 columns x 3 columns with the focused point as a center is set
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generator- 28 -and the. | aser beam nmodul ator 17~ Wien, for instance, tHe — ~
character "$" conposed by a conbi-nation of a curved line and a slanted |ine.

‘as-shown in FIG 4 is outputted fromthe buffer 23, t-he bit-map-data

gemerating circuit 29 provides an output by adding a_snal

dot F (FIG 29)

to a vacant portion F constituting a part "of the -area i-ndicated by within a

circle denoted by reference character

'constltutlng a stepped portlon (G in FIG-29), and by repIaC|ng with a

10

15

20

25

as the object of determlnatlon, if a sampllng W1ndow of a greater '

s;ze, e, g., one- for a.- portlon of 5 columns X 5. columns,_ls used,

it is possible to take .into conSLderatlon the inclination from a

position epaced 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 Fig.. 44.

It should be noted that the above-described specific circuits

constituting' the respective units shown in Fig. 5 are only
examples; and can be optimized in actual implementation by using
logical-calculation circuits such as a gate array. Moreover, it
is evident that those specific circuits can be partially replaced
by software or a dictionary structure using memory.

_ Although in the above-described embodiment a description has

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

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

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

a case where a microcomputer whose calculating speed exceeds the

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

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

hereinafter with reference to an example in which the flip-flops
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small dot R (FIG 29) a dot R.constituting & Stepped portion-of the area=—
shown within an ellipse denoted by reference character Kin the drawing. A
coded si'gnal for designating the character "$" outputted f+om an external
devi ce such as a personal conputer ts -used for reading fromthe font
stor-age unit data for generating a bit map -pattern corresponding to t hat
coded signal. The coded signal is converted to bit nmap data, shown in FIG .
4, by the character -generat or 28, and is stored in the buffer 23.- -

are arranged in-a 7 x 7-conf1gurat10n-as shown.below..

- " -

Data Rmn stored in these flip-flops is specified by means of
10 the attached suffixes, réspectively indicating the column and
line. Data R33 at the central portion is set as the focused
point, i.e., the dot data to be printed next.- | |
The program configuration shown in Fig. 46 is classified into
a block i for obtaining data for correcting vertical iiqes and a
is’ block II for obtaining data for correcting horizontal lines.
The block I for obtaining daéa for correcting veitical lines
.inéluaes Step 530 for calculating a horizontal rising edge from
upper and lower regions 520 obtained by classifying the 7 x 7
shift register 44 with the focused point R33 as a center by 45°
20 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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I'f” the bit ‘'map dat™a outputted fr0n1the buffer-23-is directly-outputted to-
the | aser beam nodul ator 17-without being corrected,. stepped portions o
attributable to positional-changes-in the standard. bit si-ze are panted as
described before, with the result that the prlnted pattern | acks

snoot hness. That is, -11-- ~ -

The block II for obtalnlng data for corréctlng horlzontal
'llﬁes includes Step -560 for executlng a calculatlon .0of a vertical:
- rising edge of ; reglon—SSO with 3 llnes X 7 columns extracted‘
from the 7 x 4 shift register Qith the focused point R33 as the
5. 'center; Step 561 for extracting'AU,'éU, CuU, DU, EU, FU, GU;-Step
| 562 fér-calculating an amountibf addition of a dot which, in a
case where data at a position éubject to érinting is vacant, is
replenished; Step 563 for calculating an amount of shaving whiéh,
in.a case where the data at the position subﬁect to printing is
10 a dot, reduces that dot; Step 570 for calculating a vertical
falling edge; Step 571 for extracting AD, BD, CD, DD, ED, FD, GD;
‘Step 572 for calculating an amount of addition of a dot which, in
a case where the data at the position subject to printing is
Qacaﬁt, is replenished; and Stép 573 for calcﬁlating an amount of
15 shaving which, in a case where the data at the p051tlon subject

| to printing is a dot, reduces that dot. )
The data calculated through the Steps 532, 542, 563,i572, 573
are combined in Step 580 for calculation for output determination

" and are outputted as print data. |

'éo A detailed description will now be given of the Steps

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

DXL = R33 AND (NOT R23)
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si nce the buffer 23 stores patterns conposed usi ng-only standard si ze dots . _

for_ the*purpose of

p055|ble t he anount of -m n-_
smal l er than a standard dot .

of dots. FIG: 5 shows an

A

- T = - . piL

D2L

D3L
5 " par
D5L
D6L
D7L
DBL
10 D9L
D10L
D11L
D12L
D13L

15 D14L

Calculation

20 DXR
DOR
D1R

D2R

"R22
‘R32
R42

R1l

R21-

R31
R41
R51
R24
R34
Ré4
R15
R25
R35
R45
RSS
R30
R36

reducing the required storage capacity as much as

mum proj ecti on-of -a dot. cannot be set to be

For this reason,
slanted.line or a curvedline by means- of dots

AND

ANDj

AND

(NOT

(NOT

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

(NOT

(NOT .

(NOT

R12)

R22)
R32)

RO1)

R11) -

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

in the case of representing a

is inevitable to cause

the dots to project or to be recessed horlzontally or vertically in units
exanple of t he th map- data generatlng - .

of a horizontal falling edge in Step 540:

R33 AND (NOT R43)

R22 AND (NOT R32)

R32

R42

AND

AND

(NOT

(NOT

R42)
R52)
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circui't denoted by Teference nuneral 29 in FIG—29.- Wile the bit pattern -
data of a serial- signal- format outputted fromthe character generator 28°is °
-shifted one bit at a-tine in the-colum_.direction, i.e., is being noved by
each line by neans of shift registers constituted by flip-flops FF denoted
by reference numeral 40 in the drawi ng and adapted o shift- the data in the
colum direction, the bit pattern data is stored-in an i mage data storage
unit 41 const i-tut_ed by 'a stati-c random access menory. Such storage

_ ‘D3R = Rl AND (NOT R21)- ~ ~ =
. T _ - D4R =_R21-AND-1NOT R31)
DSR = R31 AND (NOT Ré1)

DSR = R4l AND (NOT RS51)

5 | D7R = R51 AND (NOT R6L)

“ D8R = R24 AND (NOT R34)

DSR = R34 AND (NOT R44)

D1OR = R44 AND (NOT R54)

DI1R = R15 AND (NOT R25)

10 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)

15 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

20 focused point R33 as a center.
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‘generator. 42 oper- ating wth
froma detector for

as a witelr
lines, i.e.,

of data is effected by an address signal
reference to a horizontal synchronizing signa
detetting a stan starting point of the |.aser-béam -as wel
control unit 43.. At a stage wher.e data for a plurality of
lines in-this exanple,
t he address signal generator 42 and the wite/read control

synchronlsnlmnth t he tinlng

ead-
five

has been-stored in the ifmge data storage unit 41,
unit 43 read-

data on_each colum with N lines fromthe |nage dat a storage unit 41 in

) D16L
p3L”| parL | DsL | peL | p7n |
DOL D1L D2L
- DXL
DSL D9L | D10L
5 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:
10 SVL = (NOT DXL)
OR ((NOT DOL) (NOT DIL) AND (NOT D2L))
OR ((NOT DBL) AND (DIL) AND (NOT D1OL))
In addition, a vertical-line-correction presence-or-absence
signal 1is- generated by execﬁting . the following logical
15 calculation:
SFTL2 = (NOT X) OR (NOT DXL)
OR ((NOT DOL) AND ((NOT DIL) AND (NOT D2L))
OR ((NOT D8L) AND (NOT DSL) AND (NOT D10OL))
OR (DOL AND D2L)
20 OR (D4L AND D6L)
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of printing each dot, -and sequentially out put the san® to a shift register -

44 of M columsxN |li-nes. After the data is-stored in the shift .register 44,
a sueceedi ng signal indicative of- a-one-bit portion .outputted-in serial
signal format is stored.in the inage data storage unit 41. The data-stored

in the shift register 44 is digitally differentiatéd in the horizontal. and’

vertical directions by a first edge detector 45 and a second edge detector
46 in synchronismw fh the wite/head timngs of the address signal
generator 42 - and the write/read c0ntro| '

‘OR (D8L_AND D10L)

'féh-(nlzL-AND D14L)

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

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

ALO = DOL AND (NOT D2L)
ALl = DIL

AL2 = D2L AND (NOT DOL)

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

CL2 = D10L AND (NOT D8L)

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

-

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

DLO

20 AND (NOT D15L)
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unit 43, thereby” extracting data on a“contour portion. As used herein, to
digitakly differentiate in-the horizontal direction neans that., wth )
reference to an.exanpl e of -data-in whiech dots continue-froma third bit to
a seventh bit, as_shown in FIG 6, when viewed fromthe left end (the print
.starting'side) a signal-"1" is generated at-the position (third bit) wher e
a dot is present follow ng a vacant portion, and in a case where a vacant
portion is present following a dot, a signal "1" is generated at the -
p03|t|on (seventh bit)- where the ) ' - i

DLl = D11L AND (NOT D13L) "AND(NOT D14L) |
.7 DL2 = D12L- =~ : . - R
DL3 = D13L - | -
' DL4 = D14L AND (NOT D12L)

5 - DLS = D15L AND (NOT D11lL) AND (NOT D12L) AND (NOT D13L)

EL1 = D16L OR D17L

ELC = NOT EL1
Calculation of amount of correction in Step 532:

An amount of correction in the leftward direction is
~10 . calculated by executing the following -calculation:
| SFTLO = o
{((BLO OR BL4 OR BL5 OR (ELO AND (BL2 OR BL3)))
AND (ALO AND'(CLO OR CL1})) |
OR ((Dio OR DL4 OR DL5 OR (ELO AND (DL2 OR DL3)))
15 . AND (CLO AND (ALO OR ALl)))
OR (DL1 AND CLO AND AL1)
OR (BL1 AND ALO AND CL1)
OR (BL1l AND AL2 AND DL2 AND CLO)
OR (BL2 AND ALO AND DL1 AND CL2)
20 : _ OR (BL2 AND ALO AND DL2 AND CL2)
| OR (BLZ AND AL2 AND DL2 AND CLO)

CR (BL2 AND ALl AND DL3 AND CL1)
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final dot is present, as shéwn in FIG 7. = - 12°-"lir addition, to
digitadly differentiate in the vertical direc- tion means that., wth
reference to-an exanpl-e of-a-patternm which continues froma second -bi-t to a.-
siXxth bit in the Y-axis direction, as shown in FIG 8, when viewed fromthe

top, the ) - - - .

.. OR (BL3 AND ALl AND DL2AND CLl)

. OR (EL;_AND ALO AND CLO) .
OR (EL1 AND (NOT BL2) AND ALl AND CLO AND‘bsz
OR (EL1 AND (NOT BL3) AND ALl AND CLO AND DL3)

5 .~ OR (EL1 AND (NOT DL2) AND ALO AND CLi AND BL2)
OR (EL1 AND (NOT DL3) AND ALO AND CL1 AND BL3)
OR (EL1 AND BL1 AND DL3 AND ALO AND CL2)
OR (EL1 AND BL3 AND DLl AND AL2 AND CLO)}

AND (NOT SFTL2)

10 In addition, an amount of correction in the rightward

direction is calculated by executing the following calculation:

SFTL1 =
{((BLO OR BL1l OR BL2 OR BL4 OR kELo AND ELB))
AND (AL2 AND (CL1 OR CL2)))
15 ‘ OR ((DLO OR DL1 OR DL2 OR DL4 OR (ELO AND DL3))
AND (CL2 AND (ALl OR AL2)))
OR (DL5 AND CL2 AND ALl)
OR (BL5 AND AL2 AND CL1)
OR (BL4 AND AL2 AND DL5 AND CLO)
20 OR (BLS5 AND ALO AND DL4 AND CL2)
OR (BL4 AND ALl AND DL3 AND CL1)
OR (BL3 AND ALl"AND DL4 AND CL1)
" OR (EL1 AND AL2 AND éLz)
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signal "1" is generated .at the poSition™(x=2, y=6) whére a~dot is present-
foll ow ng a vacant portion, and the signal "“1"-is-generated -at the position-
(x=2," y=2) -where-a vacant portion is present -follow ng a-dot;- as -shown in
FI& 9. If the bit map data of the character "$" shown in FIG 4 is
differentiated using such a method, the data concerning horizontal rising
edges is indicated by-black dots in FIG 10, while the data concerning
horizontal falling edges is |nd|' cat ed by bl ack dots in FIG 11. Moreover,
the data concern- - - : T

'OR (ELI AND (NOT DL3)" AND AL2 AND CLl)

" OR ‘(ELY1 AND (NOT BL3) AND AL1 AND’CL2)
OR (EL1 AND BL5 AND DLO AND AL2 AND CLO)
OR (EL1 AND BLO AND DL5 AND ALO AND CL2)}

5 ' AND (NOT SFTL2)
Extraction calculation in.Step 541:
Among the differential data obtained in the above-described

manner, differential data are extracted by forming the following

window using a differential value DXR at the focused point R33 as

10 the center.
D16R i
D3R D4R D3R D6R D7R
DOR D1R D2ZR
DXR |
D8R DSR D10R
15 _ ‘I D11R D12R D13R D14R D15R
D17R.

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

generate a horizontal-dot-shaving effective signal:

20 SVR = (NOT DXR)

i
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ing vertical rising edges is indicated by bl.ack-dots in FIG 12, Wwhile the
"data concerning vertical falling edges is indicated by black-dots in-FIG
13. "The rising and falling edge data obtained by -horizontally : -

di #ferentiating the bit map data represent the vertical char- acteristic of
the bi't map data; while the rising and falling edge data obtai ned by
vertically differentiating the bit map data represent the horlzontal-
characterlstlc of the_ bi t nap dat a.

~OR ((NOT DOR) AND (NOT DIR) AND (NOT. DZR))

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

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

generated by executing the following ‘logical calculation:

5 SFTR2 =_f(NOT X) OR (NOT DXR)
OR (NOT DOR) AND (NOT DIR) AND (NOT D2R)
OR (NOT DSR) AND (NOT D9R) AND (NOT D10R)
OR (DOR AND D2R)
OR (D4R AND D6R)

10 OR (D8R AND D10R)

OR (D12R AND D14R)

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

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

AR2 = D2R AND (NOT DOR)

CRO = DBR AND (NOT D1OR)

CR1 = DSR
20 _ CR2 = D10R AND (NOT DBR)
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I f an examination is .made-of the correlati on between the origi nal pafterm
and the data on the horizontal ristng and falling edges and the vertical
rising and falling edges-thus -obtained fromthe bit map data of the
orifginal pattern, it_is possible to deternmne the relation in which the dot
subj ect to printng is pl aced with respect to the surrounding dots, ie:

whet her that dot constitutes one of a series of horizontally or vertlcally
contlguous dot's, or constltutes a di sconti nuous, portion.

- - BRO = (NOT D3R) AND (NOT D4R) AND. (NOT D5R)
AND (NOT D6R). AND (NOT D7R)
BR1 = D3R AND (NOT.D5R) AND (NOT D6R)
BR2 = D4R
5 © BR3 = DSR
'BR4 = D6R AND (NOT D4R)

BRS = D7R (NOT D3R) AND (NOT D4R) AND (NOT D5R)

DRO = (NOT D11R) AND (NOT D12R) AND (NOT D13R) AND (NOT D14R)

AND (NOT D15R)

10 DR1 = D11R AND (NOT D13R) AND (NOT DI14R)
DR2 = D12R
_DR3 = DI3R

DR4 = D14R AND NOT (DR12R)

DR5 = D15R AND (NOT D1lR) AND (NOT D12R) AND (NOT D13R)

15 ER1 = D16R OR D17R.

ERO NOT ER1

Calculation of amount of correction in Step 542:

An amount of correction in the leftward direction is

calculated by executing the following calculation:

20  SFTRO
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That is, the formof boundary portions of theé bitf map data fromthe Buffer
23 carr be ascertained if the data an the horizontal rises and fall-s and the
vertical rises and falls is sanpled by M col undsxN Fines surreunding a~ - -
foc¢used point, ie., .a position subject to printing, ano_l i f these data are
classified into a plurality of kinds of formand are“deter- mined by using
first and second classifying units 47, 48 constituted by logical devices
such as ‘gatee arrays FIGS. 14 to. 19 show reI atlonshl ps between -~ I
cIaSS|f|cat|ons - -
{((BRO OR BR4 OR BR5 OR (ERO AND (BR2 OR BR3)))

AND (ARO- AND (CRO OR: CR1))) ) :
OR ((DRO OR DR4 OR DRS5 OR (ERO AND (DR2 OR DR3)))-AND (CRO
'AND (ARO OR AR1)))
5 'OR (DRl AND CRO AND AR1)
OR (BR1-AND ARO AND CR1)
OR (BR1 AND AR2 AND DR2 AND CRO)
OR (BR2 AND AR0 AND DR1 AND CR2)
OR (BR2 AND AR0 AND DR2 AND CR2)
10 OR (BR2 AND AR2 AND DR2 AND CRO)
OR (BR2 AND AR1 AND DR3 AND CR1)
'OR (BR3 AND ARl AND DR2 AND CR1)
OR (ER1 AND ARO AND CRO)
OR (FR1 AND (NOT BR2) AND ARl AND CRO AND DR2)
15 OR (ER1 AND (NOT BR3) AND ARl AND CRO AND DR3)
OR (ERL AND (NOT DR2) AND ARQ AND CR1 AND. BR2)
OR (ERL AND (NOT DR3) AND ARO AND CR1 AND BR3)
OR (ER1 AND BR1 AND DR3 AND AR0 AND CR2)

- OR (ER1 AND BR3 AND DR1 AND AR2 AND CRO)} AND (NOT SFTR2)

20 In addition, an amount of correction in the rightward

direction is calculated by executing the following calculation:

SFTR1 =

{((BRO OR BR1 OR BR2 OR BR4 OR (ER0O AND BR3)) AND
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obt ai ned by sanpling original patterns by means~of a 3 - 13 -7 col'umms x3 *~
l'ines .size~sanpl i ng wi ndow and -by | ogi cally determ ning-dat-a on edge .
portions obtained by differentiat~ |ng the sanpl ed-dat-a on the-one hand, -. .
and data fromthe character generator.” The patterns of a multiplicity

(about - e T : :

(AR2°AND (CRL OR CR2)))
" OR ((DRO OF DR1 OR DR2 OR DR¢ OR (ERO AND DR3))
AND (CR2 AND (ARL OR AR2))
OR (DRS AND CR2 AND ARI)
5 OR (BR5 AND AR2 AND CR1)
' OR (BR4 AND AR2 AND DR5 AND CRO)
OR (BR5 AND AR0 AND DR4 AND CR2)
OR (BR4 AND ARl AND DR3 AND CRI)
OR (BR3 AND ARl AND DR4 AND CR1)
10 OR (ER1 AND AR2 AND CR2)
OR (ER1 AND (NOT DR3) AND AR2 AND CRI)
OR (ERl AND (NOT BR3) AND ARl AND CR2)
OR (ER1 AND BRS AND DRO AND AR2 AND CRO)

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

15 A description will now be given of the correction of

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

YU = R33 AND (NOT R32)

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

D1U = R13 AND (NOT R12)

D2U = R12 AND (NOT R11)
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6100 ki nds) of boundary portions that can possibly be i'ncluded in original
patterns-can be classified iinto a very snal
|t -shoul d be not-ed that

groups.

porti ons where the dots are present,

t'he dots are not present,
absence of the dots is immterial.
if these data ate_classified by focusing

presence or

horizontally différentiated data,

on the patterns of an upper-

D3U =

5 D7U =
D8U =
DU =
D10U
D11U
10 D12U
D13U
D14U
D15U
D16U

15 D17U

R23

R24 AND

R22

AND )

(NOT
(NOT

(NOT

(NOT

(NOT

(NOT

(NOT

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

(NOT

R23)

R22)

R21)

R43)

ﬁ42)

R41)

R53)
R52)
R51)
RO3)
RO2)
RO1)
R63)
R62)

R61)

numnber

Extraction calculation in Step 561:

That i s,

(about 150 ki nds). of
in the draw ngs - bl ack dots indicate

plain circles indicate portions were
and grayi sh dots denote portions for which the
as for the

To calculate a vertical rising edge, the following window
with differential data YU at the focused point R33 set as a center

is allotted to the differential data obtained in Step 560:

20 D14U | D2U | D5U D8U | D11U | D17U
D13U D1U D4U YU D70 D10U | D16U
D12U DOU D3U DXU D6U DSU D15U
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regi 6n including tRe focused point and By assigning classi- ficaftion codes
AO A4 +0 their conftgurations, and by focus- ing on the-patterns of a | ower..
T egi onincluding-the focused point and by assi gning cl assificati on--codes -

BO-B4 to their configurations, and if the original patterns are classified
on the basis of ‘these classification codes; patterns as shown in FIGS. 14
and 15 can be obtained. In addition, as for the rising edges obtained by

_vertlcally dlfferentlatlng orlglnal patterns, |f these data are C|aSSIerd

Then, the following calculations are executéd to obtain

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

AUO = (NOT DOU) AND (NOT D1U) and (NOT D2U)
AUl = DOU AND (NOT D2U)
5 AU2 = D1U

AU3 = D2U AND (NOT DOU)

BUO = (NOT D3U) AND (NOT D4U) AND (NOT D5U)
BUL = D3U AND (NOT D5U) '
BU2 = D4U

0 . BU3 = D5U AND (NOT D3U)

CUO0 = (NOT D6U) AND (NOT D7U) AND (NOT D8U)
CUl = D6U AND (NOT DBU)
CU2 = D7U

CU3 = DBU AND (NOT D6U}

15 DUO = (NOT DSU) AND (NOT D10U) AND (NOT D11U)
DUl = DIU AND (NOT D11U)
DU2 = D10U

DU3 = D11U AND (NOT DSU)

FUO = (NOT D12U) AND (NOT D13U) AND (NOT D14U)
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by focusing on the patterns of a right-hand region including the focused
poi'nt sand by assigning classification codes EO-E4 to their-configurations,

and by focusirg on the patterns-of -a | eft=hand regdion including the focused . -

poirnt and by assigning classification codes FO-F4 to their con-

figurations, and if the original patterns are classifiéd onthe basi s~ of
these.classificati.on codes, patterns-as shown in FIGS. 16 .and 17 can be
obt-ai ned. Furthernore, |f the r|5|ng edge dat a obtalned by vertlcally '

_FUL =.Di2U AND (NOT D14U)
JFU2 = D13UC .0 T i S
FU3 = D14U AND (NOT D120U)

GUO = (NOT D15U) AND (NOT D16U) AND (NOT D17U)
5 GUL = D15U AND (NOT D17U)
GU2 = D16U

GU3 = D17U AND (NOT D15U)
Calculation of amount of addition in Step 562:

The following logical calculations are executed:
10 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)}

15 ADD3U = {(AUl AND BUl AND CUl AND DU2 AND GU2)
OR (BU2 AND CUl AND (DUO OR DU3))
OR ((DUl OR DU2) AND CU2 AND BUl AND AUl)

OR ((AUO OR AU3) AND BU2 AND CUll AND DU1)

-

OR (AU2 AND BUl-AND CUl AND DU2)}

20 AND {DXU AND (NOT DXD}}.
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"differentitating origi nak-patterns are classified-by focusing on the -
patterns of .a region |ocated rlghtmardly of the dot just below the focused
poi-nt anrd-by assi-gning classification codes GO &4 to their conflguratlons
and by focusing on the patterns of a region located |eftwardly of the dot
just bel ow the focused point and by assigning classifi.cation cédes HOH4. to
thei.r configurations, and-if the original patterns are classified on the .
basi s of thése class+f|ca{|on codes, patterns as shown in FIGS. 18 and .17 -
can be’ abtalned : : - ‘ S :

Calculatlon of amount of shavxng in Step 563:

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

the following logical calculations are executed:

H = YU AND YD -

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

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

the clsassifying units 47, 48, ie.,

49~to-which form ie.

FI GS.- 147to0 19,

10

15

20

follbwing'window is formed using a differential value YD at the

'Déb_
D5D -
D6D
D7D
D8D
D9D
D10D
D11D
D12D
D13D
D14D
D15D
D16D

D17D

="R23 AND. (NOT' R24)-

‘R22 AND 7(NOT R23)-

R44 AND (NOT R45)

R43 AND (NOT R44)

R42 AND (NOT R43)

R54 AND (NOT R55)

= R53
= R52

1§
e
o
>

(NOT R54)
(NOT R53)
(NOT RO5)
(NOT RO4)
(NOT RO3)
(NOT R65)
(NOT R64)
(NOT R63)

Extraction calculation in Step 571:

tions by means of
- AO- A4, BO-B4, 0, C4, -DO,- D4, EO-E4,
FO-F4, GO, and HO-H4; are used in determ ning by-a determ Ring circuHt

' . to which of the groups of the-patterns C|aSSIerd in
t he data on the focused poi nt .

Among the differential data obtained in Step 570,

_ the

focused point R33 as a center so as to extract data on a vertical

falling édge:
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D14D D2D D5D DXD D8D D11D D17D

D13D D1D D4D YD D7D D10D D16D

D12D DOD D3D D6D D9D D15D
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- 14 - belongs. On the basis of the data fromthe first. and second
cl.assisfying-units 47, 48, the determning circuit 49 deter- -1 nes which -of
the.data is t0 be assi-gned -anorig the data shown i-n-FI-GS 20"to 23. The
result of—determ nation by the determning circuit.49-is used in generating _
data with varying pul se W dt hs such as t hose shown in FIGS. 20 to 23 by
nmeans .of a pul se . .

On thé-baéis"of'§§é7differen£ial data ﬁhﬁs-extracted,

the 'fbllbwing lc;gica_i-'calqulatic'ms .arejéi;ecuted::-

E

(NOT DOD) AND (NOT D1D) AND (NOT D2D)
. AD3 = DOD AND (NOT D2D) |
5 - AD2 = D1D

AD1 = D2D AND (NOT DOD)

BDO = (NOT D3D) AND (NOT D4D) AND (NOT D5D)
BD3 = D3D AND (NOT D5D)
BD2 = D4D
10 BD1 = D5D AND (NOT D3D)
CDO = (NOT D6D) AND (NOT D7D) AND (NOT D8D)
CD3 = D6D AND (NOT D8D) |
" CD2 = D7D |

CD1 = DBD AND (NOT D6D)

15 ' DD0 = (NOT D9D) AND (NOT D10D) AND (NOT D11D)
DD3 = DYD AND (NOT D11D)
DD2 = D10D

DDl = D11D AND (NOT DID)

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

20 FD3 = D12D AND (NOT D14D)

- 68 - This Sheet Has Been Repl

R




nmodul ator 50. In other words, the result of determi nation is converted to
data~fsor printing the followi ng dot patterns: a pattern-in which, if-[err]
‘of "the siZe of -one"normal’ dot of the bit nmap .data outputted fromthe buffer-
23"is assuned to-be a unit size, the position of the dot of this.unit size
is offset by [err] a normal” dot pitch, (60, 61, 62, 63 in FIG 20) a
pattern in which the position of a dot three-fold the unit size is offset

by-[err]. dot - pitch.--i.e., the rlghtJ or left-hand side of the nornal-5|ze )
dot |s shaved by [err] dot - (64,. 65 in_ FIG. 21) ;- a -
' e FD2=D13D-" )

FD1 Dl4D -AND (NOT D12D)

/| GDO = (NOT D15D) AND (NOT D16D) AND (NOT D17D)
"GD3 =.D15D AND (NOT D17D)
5 GD2 = D16D
GD1 = D17D Aﬁn (NOT.DISD)

Calculation of amount of addition in Step 572:

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

AND {DXD AND (NOT DXU)}

ADD3D = _
1s o {(2D1 AND BDl AND CD1 AND DD2 AND GD2) -
OR ((BD2 AND CD1 AND (DD0 OR DD3))
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)}

20 ' AND {DXD AND (NOT DXU)}
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pattefn having a dot four-fold the unif Size, i.e., the normal dot (FIG '
22); a pattern havi ng a size of [err]- dot projecting toward the print-
starting side-(i.e., 1eftward-in the draw-ng)- by the anit size as-conpared
w th the nornal dot (66 in FIG_ 23); and a pattern having a size of [err]
dot projecting rightward in the drawng by“the unit size as conpared with
the normal dot (67 in FIG 23). The shift register 44 constitutes a
sanpl i ng window wi t h 3 col urmsxS | i nes, as shown in FIG 24(a), in which
dataon o . - o - -

- Calculat;.on of amount of shaving in Step 573:

H = YU AND YD

§VD3 = (NOT H) AND FDO AND AD1 AND BD1 AND CD2 AND DD2
| AND YD -
5 SVD4 = (NOT H) AND GDO AND DD AND CD1 AND BD2 AND AD2
AND ¥D ' -
SVD1 = {(BD1 AND CD2) OR (AD1 AND BD2 AND CD2 AND DD2)
OR (BDO AND CD2 AND DD3 AND (NOT H))}
AND (NOT (SVD3 OR SVD4)) AND YD
10 SVD2 = {(BD2 AND CD1) OR (AD2 AND BD2 AND CD2 AND DD1)

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

Calculation of output determination in Step 580:

When the calculation of all-the amounts of éorrection has

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

50.

SVLR = SVI AND SVR AND X
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the focused ‘point is stored at. a central position RO; the data on the |in&
| mredisately preceding the line including t he focused-poi-nt is-stored in Rl .
to R3; the data on the-sane |ine as that of the-focused point and located
just before and-after the focused point is stored innR4 and R5; and the
data on the liné i mediately following the-line Tncluding the-focused point
is stored in R6 to R8. In addition, auxiliary data for calculating data on -
boundar.y portions at .the tine of vertlcal dlfferentlatlon is_stored.inm RO
to R16 whi l e auxiliary data - -- -

a signal for addlng a l/4 dot ‘to the left of the black ‘dot: -

ADDL SFTLO )

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

ADDR = SFTR1

5 a eignal for shaving the left end of the black dot by 1/4
dot:

SHL = SFTL1
OR {SVLR AND (NOT H) AND (SVUl OR SVU2 OR SVD1l OR SVD2)}
OR {SVLR AND H AND (SVUl OR SVD1l OR SVU2 OR SVD2)}

10 ' OR {SVLR AND (SVU4 OR SVD4)}

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

dot:
SHR = SFTRO
OR {SVLR AND (NOT H) AND (SVUl OR SVU2 OR SVDL
15  or SVD2)} OR {SVLR AND (SVU3 OR SVD3)} '

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

SHL1 = SVLR AND (SVU3 OR SVD3)
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f-or catculating such data at the tire of horizontal™differen-. tiation is-
stored in R17 to R20. That is,- data on an (n-2)th line is stored in the
regions_R9 to R12; data on an (n- 1)th line is.stored-in the regions R17, - Rk
to,R3, R18; data on the n-th line is stored in the regions R4, RO, RS, R21;
data on the (n+l)th 1ine is stored in the reglons R19, 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 colum is inputted by a portlon of one-colum with five lines
startlng mnth the right-hand -

10

15

20

a s;gnal (11110000) for shav1ng the rlght end of the black

dot- by 1/2 dot-“ e e

SLR1 ‘= SVLR_AND (svn4 OR svo4)

a sxgnal (11111110) for shav1ng the rlght end of the black
dot by 1/8 dot:

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

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

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

a signal (00110000) for adding 1/4 dot toward the left as
viewed from the cer_xter:' -

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

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

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

47, for instance, data 591 of a 1/2-dot portion or data 592 of
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side in the drawing,. and is shifted toward the Teft-hand side - 15 -

t he draw ng by each porti-on of one-colrfumm wi'th five |ines.

in

For this reason,

with:‘respect-to ah exanple of; for instante, the~bit map pattern shown in

FIG 4,

in a case wher e the vacant portion F-ln the area |nd|cated by

reference

10

" ‘'a 1/4-dot portion with an interval smaller than oné dot is newly

added "in“a vacant portion-abutting.a curved line of.a region 590

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

be expressed as very small patterns as compared with the originai

bit map data. : - . . - -
Although“ehe dot patterns become smoother as the size of the
sampllng window is enlarged, a size of 7 x 7 bits or thereabouts
becomes a limit in practical use owing to such as the expansion
of the laser beam and the_ attraction characteristics of the
photoreceptor drum and toner. If a sampling window of this size
or thereabouts is used, processing by means of software is
possible, and it has been confirmed that print guality which is

visually indistinguishable from movable type can be obtained.
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character E in the drawing-has-is to be .printed (a focused point),
determ nation is TTade not at that point-—of tinme but-when a dot H -
constituting an adjacent rising edge is stored in the focused point RO of

thé& shift register 44, That is; a determination.is nmade at a poi it~ of t1m3

when data such as the one shown in FIG 25(1) is stordbisShedtias abif 50
register 44. Consequently, .edge data éuch as the one sh um”ﬂymm FS’ _

i s. outputted.-fromthe first.edge detectoor 45. Thé classi
effects a determ nati.on by cl assi fyi ng - i

't -CLAIMS T

1. A method for generating bit map image data, comprising
the steps of: ' '

converting coded data outputted from an external
10 '~ 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

15 data in said memory in horizontal and vertical
directions while reading each portion of one column
by N lines; '

_ . determining positional relationship between dot data
20 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

25 predetermined size as print data on the basis of a
' result of determination. '

2. A method for modulating a laser beam for effecting
printing with enhanced bit-map image data, comprising the
30 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; '

35
sequentially extracting a portion of one column by N
lines of data from said image memory each time a one-

* (o L M s *
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this edge data (FIG 25(CI1)}-into an upper pattern |nclud|ng t he focused
poi nt RO and a~lower -pattern including the focused point RO by neans of the
‘above-descri bed tech- nique; thereby <l assn‘ﬁr}rSh@tHbeBééHm?ﬂac@@tteTn as A2 -

and the latter pattern as B3 (FIG15). It is ned that the
f ocused pornt RO presently stored in the shrf Is a dot falling
under a.group of patterns surrounded bp a dott in FIG 15. As

aresult, it is deterntned that i S necessary to.add a [err] dot to the.
posttron Iocated one o T LT N o -

-bit signal - is- outputted = from _said character
. 7 'generator; - . R A
storing in sampling means data extracted from said
-5 o -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;

10 )
digitally differentiating the data stored in said
sampling means in a column direction;

classifying the relationship of connection between a
15 _ 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;
20
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
25 ' -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
30 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.
35
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space ahead of the focused point RO, i.e., to the vacant portion F.Hence, a ~
command is gi'ven'to print a dot,- such-as the one shown in FIG 25(111)-of

t he 'sane drawsrm\eetlHaeBeedepjace@Fl ‘G 23) "tonger akFong the Feft-hand side- by
[err] a dot th dot I't should be noted.that since these
cal cul ated res ﬂ ted at a gtage which will be in time for
printing at le ahead of a timng for starting the actua
pri.nting,.the |rrad|at|on p0|nt of the Iaser bean1|s preseni at f he vacant
portlon F. .- -

3. An .appara_.tus '-for modula_ting a laser beam _w:Lth 'enhanced
bitgmap image_data, comprising: ',:_ e

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

memory cbntrol_ means (42, 43) for sequentially
extrdcting a portion of one column by N lines of data

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

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

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

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

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

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

35 detecting means (46);

ATy
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As a result, as the printing of the dot is started at a point of -tine when
the | aser beam has passed  t'he vacant por'tion' F by [err] a dot wdt-h, a
pattern in whith [err] of a dot~is ‘added im the vae€ant "portion F, as

i ndi cated by reference nuneral 66, is printed. That is, F showmn in FIG 29
is printed. I'n.addition,.when Gin the 4circl e denoted by reference ’
character E.becones-.a focused point Q0, a pattern such as the one shown in
FI G- -26(1) is stored in fhe shift reglster 44, W|th the result that data -

shovvnln FIG 26(11)".j s-Jout putted .
deternu.m.ng means (49) for outputt:.ng correctlon dot

- data whose size of a. dot to be pr:.nted and pos:.t:.on -
_within the size of .a normal dot have been determined
on the basis 'of the data from said first and second

5 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. . '

10

4. 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.

15 .

5. 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.

20 6. The apparatus for generating laser beam bit-map image
data according to one of claims 3 to 5, wherein said
determining means (49) comprises a gate array circuit.
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fron1the edge detector 45. fhehélaégifQing circuit 47 clas- sifies the

upper pattern including the foocused point” Q0 as Al ~- 16 - and the | ower -

pattern including the focused point Q0 as B2." As ‘a'result, the patterns

i ncl udi ng the focused-point QO and presently stored in the shift

44 are C|aSSIerd as Al

10

15

20

1

=~ .~ - BABSTRACT  .-.- - . -

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 bits 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 width by a pulse-width modulating circuit (50) and is
outputted-to a laser beam modﬁlating-device._ As a result, a
dot smaller than a normal dot is added in a vacant pertion,
or a part of a normal dot is shaved, thereby printing a
smooth pattern._
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Sc¢ ko “pson Corporatio //—
anﬁeﬁzkﬁpgﬂ,eiagt HhF ounded by a. bl ock I ndi.cat ed by a dashed I|ne in FIG 33
1l4purTherdet s58RPEAF Circuit 49 outputs-a signal. for ‘printing a dot (the.
dot denot-ed by reference nuneral 65 in FIG 21) (FI G 26(111)) in-which the
|-ef t-hand side of -the normal -dot is shaved by [err] dot. Wen- the | aser )
beam has f-urther noved to the right-hand.side by [err] dot after reaching
t he focused poi nt QO-upon the-.outputting of the ecalculated result, the . -
printing of--the.dot obtai ned by t he.cal-cul ated result BN cormenced t her eby
prlntlngthe pattern f ' ; T, L .
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i Adicated as G in FI.G 29.-1n consequence, the vacant portion F which - /<§§
f or ms- tthe stepped portion indicated by E.in. FIG 4 is fornmed hy dots whi ch
consecutlvely becone | arger as vi ewed fromthe top in the order of [err]”

dot “and -[err] "dot, so that the vacant portion F.is converted to a snooth
pattern, Wth respect to horlzontally extending lines as well, the dots are
cofrécted through simlar proeessi-ng.” That is,. as fol- t he stepped port-i on
|ndrcated by the ellipse-Kin FIG 4, when-the dot Ris storedin the-shift
reglster “44"as-the focused - . o o C- . -
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p0|ht Q, data shown in FIG. 27(1) is stored so t hat vertlcally . "3 )
differerdtiated data (FI & -27(11)) from.the edge “detect'or 48 is used. The J
classi-fying circuit 48 classifies the right-hand pattern inctuding the A
focused point Q0 as El and t-he left-hand pattern including the same as F2 -7%
(the patterns surrounded by a block indicated by a dotted line in FIG 16).

The determining circuit 49 eutputs. a signal for printi .ng .a dot (FIG
27(.1'L)) -i n."which the rlght hand $ide of the normal dol is.shaved. by [err] "’

dot. “The | aser beamis activated -untit- the | aser” : - -
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beamnoves to’ the right- _hand- side by [err] dot after reach| ng the focused by
poi nt QJ upon the outputting of the calculated result, thereby printing a- /
pattern indicated.by R in FIG 29 Furthernmore, whén a vacant portion L
surrounded by reference character K becones the. focused point QO a pattern

as shown in EIG 28(l) i's stored in the shift register 44, "and edge data,
such+as that-shown in FLG 28(1'1), is outputted. fromthﬁh,gggge getfctor 46

as the vertically differ-: entlated pattern.. The Class'fy' e -'
classifies a right- I 7"[,” ” |

o

B MAT DATA 49 47
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hand r egi on- of- t he patternrone dot'beIeM/the focused point QQ as Gl and a-

| eft -hiand v~ egion of that pattern as.-H2 (a bl.ock. shown surrounded hy a
dotted line in FLG 18). On the basis of this classified result, the
deternining Circuit 49 outputs a dot denoted by reference nuneral 61 in

FIG_ 20, thereby printing in the vacant portion L the dot denot ed by
reference numeral L' ln FI G- 29 L

\Nﬁu . U;'O\

s
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--17 -.Thereafter, as descri bed ahove, the array of dots in the sanpling
regi on-is.classified on the basis -of the horizontally and vertically
differentiated data of the original "pattern, and if it is deternmined as a
result “of this classification that t+heocused point corresponds to an edge
portion, an operation is conducted in which a dot smaller t han t he nor nal

dot is added in-a vacant portion horizontally adjacent to the

- -
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since the small dots are fused with each other in such a4 manner .as to be —
attracted by the surrounding nornmal _.dots owi ng.to the expansi on and qunlng

of the |laser beam electrostatic i nduction of the dots an-the .- . 2;/
phot oconduct or drum the size of the tonerparticles, and the Like. As a /23
result, each stepped portion resulting froma normal -size dot \is filled 7

wi-t h a-snall dot thereby creating:a snoot hl'y ri.si.ng or falllng portlon As.
deseribedfabove S|nce the arrangenent prOV|ded i n-

A0 [tE . Al

FErETEEEEE | ERER

FTT"ﬁ

recnanbosaan

= | EREE e s

. This Sheet Has Bee

i



t he present invention is such tHat portlons requiring correc- tlon are ‘?
detect @d by using as .index .data -the data on contdur portions obtained by a2
differentiating the original pattern, patterns of about 6100 ki nds or R

t-het eabouts can be classi-fied inta about 150:kinds or thereabouts.
Accordingly, it is possible to not only sinplify the circuit configuration
but al so effect a caicu}atlon by. softmare W thi'n the time period.for

printing one dot, so that .it s poss eto gfplenent t.he apparatus not
onty i n har dwar e but aIso |n softmar Lj / . .
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71,

format- fromthe buffer. -

register 75 for sequentially
si gnal

shift

format outputted fromthe .buffer 23. Flip-flops 70,
(M DEO) of the serial

si-gnal
74 constitute a vertical

shifting a video signal
23 whi ch -has been-

illustrates an exanple of the imge data storage unit for storing data of
73,

Speci fi-c exanpl es of theiUnits perfornLng the above- descri bed operations
are descri bed bel ow wirth reference to the timng.chart of FIG 30. FI'G 31

t he® seri al

72,
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i nputted to an input terminal 76, in the colum dirpctfonr(i.e.,”in-fhe_-- 17
sub-scanni ng direction) by -neans of .a shift signal (SH FT CK) -from an i npat 3
term nal 83. The output fromthe - 18 - shift register 75 is stored in <~

an T rmage nenory 78 constltut ed by a statlc random access nenory or the |ike
via a tri-state
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- - - -

circuit 77. The menory 78 I's controlled by a hor|zontal synchron|2|ng e
si gnal «(HSYNC). at the ti.me. of the starting of laser beam scanni ng which s’
inputted froman input term- nal 79, an address generating circuit 81 ,(éf
which receives a.video. clock (VCLK) inputted froman i'nput terninal 80, and

a control circuit 82 for synchronizing the horizontal syn- chronizing

si gnal (ASYNC) .- The-nmenory 78 outputs a, porti-on of one colum _with five._

| inés of data- stored therein through output terntnals 84 to 88 durlng the_
first 'hal f_of the AT - .

Um0
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o
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vi-deo ¢l-ock, and to store the S|gnal of one b|t fron1the shlft reglster 7573
duringst he Iatter-half of the-video clock That_is, with reference.to thé -~
formof printing, as shown in FIG 32, data constltutlng an N-th I|ne an 727
(N¥1)th line,- an (N+2)th line, an (hHB)th line, and an (N+4)th lipe are - - '
stored in the.menory 78. In this state, data 90 -on the N-th to the (N+4)th
linés inthe fifst" colum is read-i-n the parallel signal format in .

synchronlsW1mnth t he video cl ock durlng the flrst haif of the V|deo cl ock,
whi | e“one-bit data 91. on_.t'he - .

4

I
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(N+5)th lipe in the first colum outputted fromthe buffer I's stored durrng/
the | atter half of the vrdeo clock As a resulkt,-data 92 on the N-th i ne 33

t he frr'éhlsalaﬁetrﬁasﬂeen m t he menory 78 Data 93 on the N-th to
the (N+4)th | cond cof um. is read in the parallel signal
format durin

e (N+5)th line e second colum is stored in the Iatter haIf thereof

f of an follow ng video clock, while data 94 on
Thereafter the above descrr bed procesf"j r@wat ed.”
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Fl G ?;3 Il fustrates an exanple of the shift. register 44 con'stltutlng the /4
above-descri bed sanpl |mgsueglq%y53gﬁhg Sceyl i p-flops 100 to 103 are connect e%

in series with the outpu f the image nmenory 78 showh in FIG
Im l'onnected in seri.és with the output
| i p-flops 109 to 112 are connected in

31, D-type flip-flops 10
termnal 85 of the nenor

series with.the output term naI 86 of the menory 78; D-type flip-flops 113
to 117.are connected in serles W|th t.he out put term naI 87. of the mem)ry '

78; an_ct F:j 2;@) . /’,"j,?;(r_:) F?j,?ﬂ'm)
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D-type fI|p flops 118 to 121 are connected In series mnth the output

term nal 88 _of- the menory. 78. At the sane time, . a shift clock (SHI FT CK) i§/é'

supplied to the respective flip- flops. - 19 -_ Throough 'such connectlons 53
the flip-ftops 101-103, : o : - _
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105 107, 110-112, 114-116, and 119- 121 (surrounded by a ‘dotted-1ine bl ock ’;;Z;
|nd|cated by reference -nuner al.- 122_in the draw ng) constitute a w ndow for 7/
detecting edges as vi ewed vertically. In additi.on, the fl'ip-flops 114-117
(surrounded by a bl ock "i ndi cat ed. by ref.erence nunmeral. 123) -constitute a

wi ndow f'or detecting edges as viewed horizontally. The flip-flop 111

| ocated. at .the central portion of .the two bl ocks stores data on the focused
pornt“ It . should be not éd that aIthough the :

T Fgse _,
Heai2. SYNCH. S AU
2V N | . -
N\DED (LK —_‘——“L_____'_"__[ ]
Uy Uy
VIDEQ SICHAL FROA. _ : .
CHAE. : X X D
GeN- 7 l
RetP FReny | .
IMAGE trEey L__S-D—4 % ' J@_'—_ZV’.
g | | =
WRITE 70 /mp6E :
Mé/v’ok)f . 54’ -
Snlr"' CK ‘ ,- | — . | l
77"/ SUBTECT 7o : | : :
CALEL 7700/ - LS1 X S22 . - X 33 X
- - ‘g | "r'1~ ' c .
_ -'L' .
SHIFT 2 i ' i A
tioek ' L I3
L FL T4 © TR
N - M “+ ~ ea LT - ) 1 1
Pe] SUBTECT TO . Tr—"‘ i - .
PRINT 7 S X 1 T sz X S3
. . . Add |Shave |Add Adti Shave |Add
PRINT Left| Lert |%ight | Rant | Right| Right
TIMING . -
' Add  |Shave |Add
Left | Lett |Konr
I i@z lwlvy |nnlwn
This Sheet Has Been Rep

I

Il

i



f1ip- fIOps 100 118—do not contribute to edge detectlon they are providéd/;jﬁf
for tim‘ng purposes for the shifting of data. Hence, t he data on a portion .33
of one colum with five lines outputted fromthe i nage nenory 78 are stored =
simulta- neously in the flip-fops 100, 104, 109,113, 118 and are _
respectively_ transferred to the flip-flops-101, 105, 1105---114, 119 in the =
succeedi ng st-ages (right-hand side in the draw-.ng) at an enSU|ng read -
timng of the nmemary -78. Concurrently, data an- the flve

I’
succeedi ng’ cotunn -are stored tn - LT m&’ ’” Paced 3

R EEER
A8 S .
i ol'cgo Q
SE55 1S
s—EzE [
\9/?/}( o
A b
o~ /J <
gll
/ 1
] . Ll iz 8
N - MEMERY -
} I
2 TR/-STATE  —
—a CAT —
- | APORESS N
¢en, k7 [T
. | _ . o
e - .
R
" ie
. d
- N}
i - N
= ’-—-—""""’""'-"'"_’°--—""-"-:"—__‘-——""—"""] t

7/
~ 72

5
1
e
1
i
—fﬁjvm
ne
|

J:‘_._./_“

g o . —

| 76

—

S V7’/_

|—p

——— . — -

e e e e

|
I
]
!
f
I
t
I
1
I
!
[
]
(
[

v D—
&0



the flip-flop 111 for.
fk&g an exanpl e of—

rtion edge
ortion.s
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storing=the "data on the -foeused point sequentially rénews-the data on the

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

the first edge detector 45. FIG 34 shows a
detecting circuit for deteeting a position

changed over to a .dot~present
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fromthe left-hand-side in the horizontal direction, while FIG" 35 shows a

fal ling-poftion edge detecting.circuit-for detecting.a position where the 2L
dotpresent portion is changed over to the vacant portion when seen from -
the | éft-hand side in the horizontal direction. ‘Fhe risi.ng-portion .
detecting circuit shown in FIG 34 includes inverters 160-166 and AND gat es
170-176. The arrangement -provided is such that signals fromt-he fli p flops

of the Shlft regl ster shovvn |n FI G 33 are |nputted to first-
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| nput. term nal s of. the AND gat es 170 176 via the |nver‘t ers 160 166 and are
inputted directly to the other terminals of the AND gates 170-176. ~Si nce 2?,
the signals inputted via the inverters are signal s whi ch are one dot

earlier than the signal s. that are directly inputted, in a case where the .

R4
: : . 27
signal of a tine-w se preced| ng coI unm Is "0" and the signal of an ensui ng
colurm|S'1the o . -

) £ o7/ .
/
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-.20 -.signal "O"
to a "1" by the inverter
term nal

IS inpdtted to a termnal 138
160, and .the -signal "1"

137. As a result, the signal "1"

170; so that a'rising stgnal

, this éignal

s converted _
s inputted through a
is outputted fromthe AND gate

is outputted froman -output term nal 180.
The falling-portion detecting circuit- shown |n FI G 35 i ncl udes inverters
200-206 and AND gates 210-216. The
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arrangenent prOV|ded is. such that S|gnals fromthe fllp.flops of the shift

regi ster shown-in FI.G 33 are inputted directly to the first

terminals of the AND-gates 210-16 and are inputted to the other tern1na|s
via the invefters 200-206. Since the signa
one colum earlier than the signa

gate 210 is a'signa
|nverter 200,

I n_a_case where the.signal.

inputted directly to the AND
I nputted-via the
of a ti me-wi se preceding colum is

"1"and t he S|gﬁal of a succeedlng colunn is-"0", t he signal "1" is inputted .
to the tern1na| 137 : . . T - L LT
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the signal "0" is inpufted to a terminal 136, and this'signal is converted =2
to a "41" by the inverter 200."As a result, the signal "1" is eutputted from

the AND gate 210, so that a falling si gnal "I"is outputted from an out-put >
t erm nal

220. -FIGS. 36 . and 37 illustrate an exanpl e of-the second edge
detector 46. FIG 36 shows an edge i sing- portlon detecting circuit for
detecting. a p05|t|0n where a vacant. portion is changed over to a

dot - present -portien as vi ewed. fromthe top in the vertical direction, vvh_i l-e
FI.G -37- shows. an edge : '

J
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fall'i ng-portion_ detectlng CII‘CUIt for detectlng a p05|t|on where the -

dot - present portion is changed over to t he vacant porfion as viewed from 25

t he top in the vertical direction. The rising-portion detecting circuit ' /
shown in FIG .36-includes inverters 230- 238 and AND.gates 240-248. The 27

signals fromthe shift register shown.in FIG 33 are inputted to first

| nput term nals-of the.AND gates 240-248-.via the inverters 230-238, and the

signals fromthe shift register are |nputted dlrectly to.t-he other i nput -
termnals of the AND - - . :
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gat'es 240-248. Since the signals inputted via the inverters are signals - ke
which are one-line-earlier than the signals'that are directly inputted, .in /
a case where the signal of a tine-wi se preceding line is "0", and the N
signal of a-succeeding line is *1", the signal "0" is inputted to a- )
termnal 133; is converted to a "1" by.the inverter 230 and is outputted to
the AND gate 240, while the signal "1" inputted to the termnal 137 is
outputted di rectly to the AND gate 240. As-a result the signal "1" is -
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REPLACENENT SHEET -

si gnal

n 1!!

270-278. The
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i's out-putted froman output termnat 250. The falling-portion
detegting circuit shown in FIG 37 |ncI udes i nverters 260-268. and: AND gat es
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in a case where the signal

arrangenent provided is such that -the signals fromthe shift
i nputted. directly to first input term nal

.of the  AND gates 270-276, and t
signals fromthe shift

reglster are inputted to the ofher

regi st er are

Fnput term nal s
of ‘the AND gates 270-278 via the inverters 260-268. Si'nce the directly
one line.earlier than the si gnal
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to the termnal 137 and is outputted direct]y to the AND gate 270, while Q/‘"
the signal’ "0"inputted-to a termnal. 142 is converted to the signal "1" by A
the.inverter 260 and is outputted to the AND gate 270. As a result, the o
signal "1" i$ outputted fromthe AND gate 270..so that a rising 5|g_nal "l

is outputted froman output termnal 280. FIGS. 38 and 39 illustrate an

exanpl e of the- cIaSS|fy| ng circui't 47 for deternning the kinds of the.

st epped port [ ons of. 1i nes respect | veI y extendl ng verti caI 1 y FIG 38 shovvs '
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circuit' for cIaSS|fy| ng. the rising stepped portlons whi e FIG -39 shows a:-
circuit=for. classifying.the falling stepped por- tions. The circuit for .

classifying rising portions,shown In FIG 38, “has input termnal-180-186 ._ 3t
(whi ch are-identified by -the sane reference nunerals as-those of the output A
termnals 180 186 of the horizontal risi ng-portion edge detecting circuit o

shown in FIG* 34 . s0 asto correspond to the same) This circuit, which
i ncl udes |nveters 290 291 AND gates : -
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293-301, OR gates 303, 304, NOR gates 305,306, - 308, effects the following 3f.
detern;;natlons on _the basis of data on a rising portion obtained by - e
horizontal |y différentiating the original pattern.”IF X=O - = ,/}3
THEN -AMOUNT OF CORRECTI ON=0 | F B0-0 AND D1-0 AND D2=0 - THEN AI\/OJNT OF
CORRECTI ON=0 | F D8=0 AND D9=0 AND D10=0 THEN AMOUNT OF CORRECTI ON=0 I'F

D=01 AND.D2=1 = . . - THEN. AMOUNT OF CCRRECTI ON=0 | F D8= 1 AND D10 1 '
THEN AMOUNT CF CCRRECT | ON=0 )

o
BIf MAPDATA = ‘- /“” | /AZ
° - F.F - |
' | F.F , _ e
| EE ' r/%ﬂ%g'
' . . &K
ADDRESS ' Ui
516, GEN- 42
-‘3:: ’ 4
FZEP')/ A - /43 . SR —
WEITE . o
coNTieol
UNIT
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. /’ . 4 L MOPRHATIR
;IS S_t:eet_Has_ B_een Replaced -?Mmmpm . T o
I ocoupure




Thus, those_patterns which do not require correction are sel ected on the 33,
baS|s of the relatlonshlp betmeen a focused p0|nt and the di'fferentiated ///
dat & surroundi ng the sanme, and a carry -signal is outputted to an output 3
‘terfinal 310. Then, “the.patterns are classtfied xgrodﬁh the follow ng

| -ogi cal calculatlons
o el au fey |
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--«22 -+ | F D1=t " . THEN A2 | F D0=1 . . . THEN Al IF D2=1
THEN A3 | F DO9=1 - © -~ THEN B2 | F D8=1

= X - -THEN BL. | F.D10=1
THEN B3 The carry S|gnal is outputted to the following termnal in the

respective cases s a result of the cIaSS|f1cat|on
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C ¥

-to an output term.nal 312. (VA1 Rise) in the case of Al, to a

: oS Hees
\tgrm nal 313 (V A2 Rlse) in the case of A2, to an output ter Ral 314 (V A3

Rise) in tﬂhe&hastd'ia;fBe Re, @Pe n output termnal 315 (V Bl Rise) in the case
of Bl, to an 316 (V B2 Rise) in the case of B2 and to an
out put term Rlse) in the case of B3. It should be noted the
arrangenent o the differenti ated data- |@ defined as foll ows:

OR (EL1 AND (NCT Z13) AND AL2 AND CL1)
R (EL1 23D (NCT ZL3) AND ALl AND CL2)
I3 AND DLO AND AL2 AND CLO)

OR (EZLl =XD 2L0 &XNT DL3 AND ALQ AND CL2)}

Extraction calculation in Step 541:

manner, differentizl data axes extracted by forming the following
window using a difiszentizl valus DXR at the focused point R33 as

D16R
D37 D4R D5R | DR | D7R
DOR DIR | D2R
| DXR
D8R DSR | D1OR

™" 29

lan

o
’_J
'-l
i

D14R DI15R

o
et
[9¥]
o

On the basis of +the differential data thus extracted,
extracted, the foliowing logicel calculation is executed to

generate & horizontzl-doi-shaving effective signal:
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[err] In. addition, the circuit for classifying falling portions, shown in
FIG 39, has input termnals 220-226 (which are indicated by the sane

ref erence nunerals as those of the output term nals 220-226 of the
falling-portion edge detect- ing circuit, showmn in FIG 35 so as to
correspond to the sanme). This circuit whi ch includes inverters 320,321, AND
gates 322-330, OR gates 331, 332, and Nzgyggées 733,334, 335, executes

cl assification based on |ogical cal cul ati

11
TH 1
“‘ 1
13 -kﬁ) _ -/’T
A '*@ |
] -
|
14 “— ]\*5
) FIG. 2
)
LASER BEAM
MODULATOR

This Sheet Has Been Replaced

AHRER

This is the replacement sheet

~ § JAN 1997

Dglen



simlar to those of the circuit shown in FIG 38. The foll ow ng

~deterninations are made on the basis of data on a falli
by horizontally differen- tiating the original pattern:
THEN AMOUNT OF CORRECTI ON=0 | F DO=0 AND D1=0 AND D2=0
CORRECTI ON=0 | F D8=0 AND D9=0 AND D10=0 THEN AMOUNT
DO-1 AND D2=1 THEN AMOUNT OF CORRECTI ON=0
THEN AMOUNT OF CORRECTI ON=0

ng portion obtained
| F X=0
THEN AMOUNT OF
OF CORRECTI ON=0 I F
| F D8=1 AND D10=1
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N

Thus, those patterns which do not require correction are selected on the
basis of the relationship between a focused point and the differenti ated
data surrounding the sane, and the carry signal is outputted to an out put
term nal 340. - 23 - Then, the patterns are classified through the

fol | ow ng
3

FIG. 4
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| ogi cal, cal cul ati ons:

IF D2=1

| F D1=1

THEN C3 | F D9=1

THEN D1 | F D10=1
following termnals in the respective cases as a result of the

cl assification:

THEN D3 The carry signal

THEN C2 | F DO=1

THEN C1

THEN D2 | F D8=1
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to an output termnal 342 (V Cl1 Fall) in the case of Cl, to an out put
termnal 343 (V C2 Fall) in the case of C2, to an output terminal 344 (V C3
Fall) in the case of C3, to an output termnal 345 (V D1 Fall) in the case
of D1, to an output terminal 346 (V D2 Fall) in the case of D2, and to an
output termnal 347 (V D3 Fall) in the case of D3, It should be noted the
arrangenent of the differentiated datasis defined as foll ows:
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The circuit shown

FIGS. 40 and 41 illustrate an exanple of the classifying circuit 48
“extending horizontally into a plurality of groups.

for classifying the kinds of stepped portions of
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identified

The classifying circuit

286-288 of the vertical

me output term nals 250-252,
etecting circuit shown in FIG

284,

- 8 JAN 1997

Thiz is the replacement sheet

Date:

o

256-258 of this circuit are
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shown in FIG 40 is connected to the output terminals showmn in FIGS. 36 to
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a vacant portion is present at the focused point.
~39.
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of the output termnals 311, 341 of the rising edge detecting circuit and
.the falling edge detecting circuit of FIGS. 38 and 39 as viewed

hori zontally so as to correspond to the sane. -24- This circuit includes
AND gates 350 368, OR.gates 370-377, NOR gate 378, dini SheedsBeen BR8Placdd?.
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THEN E3 ELSE
THEN F3
THEN F1

THEN E1 ELSE
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| F D8=1 AND D6=1

| F Dr=1

"FO The carry signa

THEN F2 ELSE | F D8=1

THEN F4 ELSE | F D6=1

respective cases as a result of the classification:
403 (Shave El)in the case of El, tgjan output termnal 402 (Shave E2) in

t he cast of E2
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to an out put

It should be noted the
arrangenet of the differentiated data is defined as foll ows:

[err]

in the case of F1,

in the case of F2,

401 (Shave F1l)

to an out put term nal
400 (Shave F2)
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The circuit for classifying falling portions, shown in FIG 41, is connected
to the output termnals shown in FIGS. 36 and 37. The input termnals

250- 252, 255, 256-258 of this circuit are indicated by the sane reference
numeral s as those of the output termnals of the vertical rising portion
edge detecting circuit shown in FIG 186, and those of the output termnals
280- 283, 286-288 of the vertical falling-portion edge detecting circuit
shown in FIG 37 so as to correspondfrréshe 55?27 This circuit includes AND
gates 410-428, OR .
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gates 431-436, NAND gates 438, and inverters 440-442. Tf the" |nput swgnal
represents a rising edge portion, a classification iThis@k&4aEBedly

conducting the follow ng |ogi- cal calculations: IF
THEN (4 ELSE | F D5=1 THEN G3 ELSE 1F D4 ,’ r M’
& ELSE I F D3=1 THEN Gl ELSE
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| F D8=1 AND D6=1 THEN H4 ELSE | F D8=1 THEN H3 ELSE

IF Dr=1 ‘ THEN H2 ELSE | F D6=1 THEN H1 ELSE
0O Moreover, if the input signal represents a falling edge portion, a
classification is executed by conducting the fol- |ow ng | ogical

cal cul ations: |F DS=1 AND D3=1 16 THEN &4

FIG. 29
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ELSE | F D3=1 : THEN G3 ELSE | F D4=1 THEN &2 ELSE

| F D5=1 THEN Gl1L ELSE QO | F D8=1 AND
D6=1 THEN H4 ELSE | F D6=1 THEN H3 ELSE | F D7=1
THEN H2 ELSE | F D8=1 THEN H1 ELSE 0
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The carry signal is outputted to the f

cases as'a result of the classification:

ollowng termnals in the respective
26 - to an output term nal

433 (H Gl) in the case of Gl, to an output termnal 4327(H &)in thé case
of &, to an output termnal 431 (H Hl) in the case Ghistdheetd 3 Been Replaced
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to an output termnal 430 (HH2) in the case of H2. It should be noted the
arrangenent of the differentiated data is defined as follows: [err] The
- signals outputted fromthe classifying circuits shown in FIGS. 38 to 41
illustrate in groups the forns of the original patterns stored in the shift
registers 44. That is, if the carry signals A0O-A4 and the carry signals
BO-B4 fromthe classifying circuit shoywy in FIG 38 are conbined, it is
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possi ble to recognize the original pattern having a rising edge, shown in
_FIGS. 14 and 15, as viewed horizontally. In addition, if the carry signals
COC4 and the carry signals DOOD4 fromthe classifying circuit shown in
FIG 39 are conbined,.it is possible to recognize an original pattern
having a patrern symmetrical about a vertical line with respect to the
patterns shown in FIGS. 14 and 15, ie., an original pattern having a
falling edge as viewed horizontally.ogf the carry signals EO-E4 and the
carry signals FO-F4
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fromthe classifying circuit shown in FIG 40 are conbined, it is possible
to recognize an original pattern in which the dot is present at the focused
poi nt anong the edges shown in FIG 16 and 17, as viewed vertically.
Furthernore, if the carry signals GO &4 and the carry signals HO-H4 from
the classifying circuit shown in FIG 41 are conbined, it is possible to
recogni ze an original pattern in whizth the dot is not present at the
focused point anong the edges shown in FIGS. 18 and 19, as viewed

vertically,
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FIG 42 illustrates an exanple of the determning circuit 49 described in
connection with FIG 5. This determning circuit 49, upon receiving the
‘carry signals fromthe classi- fying circuits shown in FIGS. 38 to 41,
determ nes the size of the dot to be printed and a printing position

t hereof. The - 27 -
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input termnals of the determining circuit 49 are indicated with the sane
ref.erence nunerals as those of the output termnals shown in FIGS. 38 to

41,

i.e.,
430-433 (FIG 41).
460-469. When the carry signals (Al, Bl),
outputted fromthe classifying circui 23shown in FIG 38,

312-317 (FIG 38) 342-347 (FIG 39),
This circuit includes AND gates 440-451 and OR gates

(Al, B2),

400- 403 (FI G 40), and

or (A2, Bl) are
this circuit

outputs through its output term nal 470 a signal

FIG. 36
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for adding a [err]-size dot to the left-hand side of the normal dot, i.e

the unirt dot to the |eft-hand side of the focused point.
“carry signals (A2, B3),

classifying circuit,

D1), (Cl, D2),
in FIG 39,

(A3, B2),

Mor eover,

when i1he

or (A3, B3) are outputted fromthat

the determning circuit outputs through its output
termnal 471 a signal for shaving the |left-hand side of the dot at the
focused point by the portion of the um% dot. When the carry signals (Cl,
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the determining circuit outputs through its output termnal 472 a signal
for shaving the right-hand side of the normal dot by [err] dot Moreover,
“when the carry signals (C2, C3), (C3, D2), or (C3, D3) are outputted, the
determning circuit outputs through its output termnal 473 a signal for
adding [err] dot to the right-hand side of the normal dot. \Wen the carry
signals (E2, Fl1) are outputted frompgshe classifying circuit shown in FIG
40, the determning circuit outputs through the output term nal a signal
for- shaving the

FIG. 38
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| eft-hand side of the normal dot at the focused point by [err] dot.

Mor eover, when the carry signals (E1, F2) are outputted fromthat
classifying circuit, the determning circuit outputs through the out put
termnal 472 a signal for shaving the right-hand side of the nornmal dot at
the focused point by [err] dot. Wien the carry signals (&, H) are
outputted fromthe classifying circuit_shown in FIG 41, the determ ning
circuit outputs through its output terffinal 474 a signal for adding

FIG. 39
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i

V4 dot at a position a [err] dot space apart to the right fromthe focused

_point.” Mreover, when the carry signals (Gl, H2) are outputted, the
determning circuit outputs through its output termnal 475 a signal for
adding [err] dot at a position a [err] dot space apart to the right from
the focused point. FIG 43 illustrates an exanple of the pul se-w dth nodu-

lating circuit shown in FIG 5. This 4ul se-wi dth nodul ating circuit
includes a flip-flop 480 for receiving a signal fromthe flip-flop 111 for
storing data on the focused point of the shift

FIG. 40
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regi ster, shown in FIG 33, and for receiving a fourth clock signal

L4 of

the cl ock signals L1, L2, L3, L4 (see FIG 30) obtained by shifting a

single video clock by four different

- 28 - intervals, a flip-flop 481

for receiving the signal fromthe output term nal 470 of the determ ning

circuit and the third

28

FIG. 41
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clock signal L3; a flip-flop 482 for receiving the signal fromthe output
termnal 471 of the determning circuit and the third clock signal L3; a
flip-flop 483 for receiving the signal fromthe output term nal 475 of the
determning circuit and the third clock signal L3; a flip-fop 484 for
receiving the signal fromthe output ,germnal 474 and the third clock
signal 12; a flip-flop 485 for receiving the signal fromthe output
termnal 472 of the determning circuit and the first clock signal L1; and
a flip-flop 486 for receiving the signal

FIG. 42
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fromthe output termnal 473 of the determning circuit and the first clock
signal 'L1. The output signals fromthe flip-flops 480-486 are synthesized
by the clock signals L1-L4, inverters 490-493, AND gates 495-499, OR gates
500-503, and NAND gates 504-5-5, so as to output to an output term nal 506
a signal having a pulse width corre- sponding to the signal fromthe
determning circuit. If it is assuned that data S4 is outputted fromthe
buffer 23, data S4 which is on the sane3gol unm as that of that data

FIG. 43
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but on a preceding line is read fromthe image nmenory during the first half
of the video clock and is stored in the shift register, and the data S4'
bei ng presently outputted is stored in the inmage nmenory during the latter
hal f of the video clock. Mreover, data S2 preceding by two columms is
stored in the flip-flop 111 of the shift register for storing the focused
point, and that data is used as an obje@l of calculation. Since data
subject to printing is data S1 for which the

FIG. 44
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cal cul ati on has been conpl eted one colum before the data S2 for which the
calcul ation is being executed, even if data indicating a vacant portion is
stored in the focused point of the flip-flop and no signal is present
concerning the addition of a dot to the vacant portion, the dot can be
printed in the vacant portion by making use of a delay with respect to the
point subject to printing, at a tine when the data represent- ing an
ensuing rising or falling edge is stoged. Al though, as shown in FIG 30, at
a tinme Vla node (shave

FIG. 45
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right) for shaving the right-hand side of the normal dot by a [err] dot and
a node (add left) for adding [err] dot the left-hand side of the nornmal dot
overlap, and at a time VI| a node (add right) for adding [err] dot to the
ri ght-hand side of the nornmal dot and a node (shave left) for shaving the

| eft-hand side of the normal dot by [err] dot overlap, but only one node is
sel ected for the sane focused point so33 hat there no conflict occurs.
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Xt

- 29 - The pul se signal thus outputted is outputted to the |aser beam
modul afor 17, thereby causing the |aser beamto be activated only for a
time period corresponding to the pulse width. For this reason, individual
dot data constituting the bit map data outputted fromthe buffer is printed
with a size suitable for formng snmooth curves or slanted |ines.

34

FIG. 47

L1

{1 £ \\
[1] |
] 111
591 / 592 | 592
590 591

This Sheet Has Been Replaced

e 's e rediacemen shiest

Digte: - 8 JAN ]997



Al'though in the above-described enbodi nent data..on.a.portion of 3 col utmsx3
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METHOD AND APPARATUS FOR
GENERATING BIT MAP IMAGE DATA

This is a continuation-in-part of application Ser. No
07,815,251, filed Dec. 31, 1991.

BACKGROUND OF THE INVENTION

The present invention relates to-a method and apparatus
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
S0 as to print a character or an image.,

A laser printer is capable of printing characters and
images with very high resolution by increasing the modu-
lation 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 char-
acter 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 samie 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 corre-
sponding 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 the
first-in first-out memory, and the sampled bit map pattern is
compared with pattern data for comparison, such as a
mulupl1c1ty of templates or matching bit map data prepared
in advance. If the sampled bit map pattern matches the
pattemn data for comparison, the sampled bit map pattern is
replaced with a correction dot pattern allotted to the pattern
data for companson, and this cormection dot pattern is

outputted as print data.

According to this technique, smce the bit map pattem data

outputted from a character generator can be

necessary, it is possible to print a character pattern havmg a
smooth contour without increasing the storage capacity of
the character data storage means.
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It should be noted that the above-described specific cir- cuits
constituting the respective units shown in FIG 5 are only exanples, and
can be optimzed in actual inplenen- tation by using |ogical-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 nmenory. Although in the above-deskfi bed enbodi nent a descrip- tion

has been given with reference to an exanple in which

However, since the bit map pattern itself which is stored
in the first-in first-out memory is used as an object of pattern
matching, the number of data for which pattern matching is
to be effected increases. Hence, in order to complete the
pattern matching calculation within a time period during
which oné dot is printed, a large-scale calculation circuit is
disadvantageously required.

SUMMARY OF THE INVENTION

Accordingly, a primary object of the present invention is
to provide a novel method for generating bit map image data
for a laser beam printer capable of effecting high-speed
calculation by reducing, as much as possible, the number of
data used in calculation at the time of correcting a dot to be
printed.

To this end, in accordance with a first. aspect of the
invention, there is provided a method for generating bit map
image data, comprising 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
the memory in horizontal and vertical directions while
reading each portion of one column by N lines or M columns
by one line; determining positional relationship between dot
data subject to printing and dot data not subject to printing
on the basis of the contour data; and converting 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 basis of a result of determination.

Consequently, according to the invention, the bit map data
stored in the memory is read in increments of one column by
N lines or M columns by one line, while being stored in a
shift register of size M columns by N lines, and the bit map
data is differentiated in the vertical and horizontal directions
so that only the data representing a contour portion is
outputted. As a result, data relating to dots which cleardy
constitute continuous portions is excluded, so that the num-
ber of data to be used for calculation in succeeding processes
is reduced remarkably. The data representing the contour
portion is used as data for classifying discontinuous points
with respect to the horizontal and vertical directions. This
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the calculating circuitry following the shift register 44 shown in FIG 5,
I.e., the edge detector 45, 46, the classi- fying circuit 47, 48, and the
determning circuit 49, are constituted by circuit elenents, in a case
where a mcro- conputer whose cal cul ati ng speed exceeds the actual print-

I ng speed is used, these units can be replaced by a mcro- conputer 510, as
shown in FIG 45, so as to allow the e3mputer 510 to effect the data
processing. FIG 46 is a block diagramillustrating an outline of a

data for classifying discontinuous points is used for deter-
mining the relationship of a focused point subject to printing
with respect to surrounding dots, i.e., whether the focused
point is 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 a smaller size than a predetermined normal dot, or a dot
is newly added in the case of a vacant portion, depending on
the form of discontinuity. It has been confirmed that the,
method of reading the bit map data of the memory every one
column by N lines is superior in processing speed to the
method of reading the bit map data every M columns by one
line.

A second object of the present invention is to provide an
apparatus for generating the above-described bit-map image .
data.

To this end, in accordance with a second aspect of the
invention, there i provided an apparatus for generating laser
beam bit-map image data, comprising: an image memory for
storing a portion of a plurality of lines of bit map data of a
serial signal format outputted from a character generator;
memory control means for sequentially extracting a portion
of one column by N lines or M columns by one line of data
from the image memory each time one-bit signal is output-
ted from the character generator; sampling means for storing
the data read from the image memory while shifting the data
by each portion of M columns by N lines; first edge
detecting means for digitally differentiating the data stored
in the sampling means in the direction of lines; second edge
detecting means for digitally differentiating the data stored
in the sampling means in the direction of colummns; first
classifying means for classifying the relationship of connec-
tion between a point subject to printing and vertical dots
including the point on the basis of edge data from the first
edge detecting means; second classifying means for classi-
fying the relationship of connection between the point
subject to printing and horizontal dots including the point on
the basis of edge data from the second edge detecting means;
determining means for outputting correction dot data whose
size of a dot to be printed and position within the size of a
normal dot have been determined on the basis of the data
from the first and second classifying means; and pulse-width
modulating means for outputting the dot for printing on the
basis of a signal from the determining means.
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program configurati on show ng data processing to be effected by the

af orenenti oned m croconputer. A descrip- tion will be given hereinafter
with reference to an exanple in which the flip-flops are arranged in a 7x7
configuration as shown bel ow - 30 -

-4-

DESCRIPTION OF THE DRAWINGS

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

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

FIG. 3 is a block diagram of a control circuit of the laser
printer using a bit-map-data generating circuit in accordance
with the present invention;

FIG. 4 is a diagram illustrating a bit map pattern outputted
from a buffer showing the character “$” as an example;

FIG. 5 is a schematic diagram illustrating an example of
a bit-map-data generating circuit;

FIG. 6 is a diagram illustrating digital differentiation with
respect 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 differ-
entiating the data shown in FIG. 6; :

FIG. 8 is a diagram explaining digital differentiation with
tespect to 2 vertical direction for obtaining contour data, and
is a diagram illustrating data prior to differentiation;

FIG. 9 is a diagram illustrating data obtained by differ-
entiating the data shown in FIG. 8;

FIG. 10 is a diagram illustrating a rising edge, as viewed
from the left-hand side in the horizontal direction, obtained
by differentiating the pattern of the character “$” shown in
FIG. 4.

FIG. 11 is a diagram illustrating a rising edge, as viewed
from the horizontal direction, obtained by differentiating the
pattern of the character “$” shown in FIG. 4;

FIG. 12 is a diagram illustrating a rising edge, as viewed
from the top in the vertical direction, obtained by differen-
tiating the pattern of the character “$” shown in FIG. 4;

FIG. 13 is a diagram illustrating a falling edge, as viewed
from the top in the vertical direction, obtained by differen-
tiating the pattern of the character “$” shown in FIG. 4;

FIG. 14 is a diagram illustrating the relationship between
original patterns and data obtained by classifying signals
from an edge detecting circuit by a logical circuit;

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

‘ FIG 16 is stll another diagram illusttz_tting the relation-
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ROO R10 R20 R30 RAO RS0 R50 RO1 R11 R21 R31 R41 R51 R61 RO2
Rl12 R22 R32 R42 R52 R62 RO3 R13 R23 R33 R43 R53 R63 R04 R14
R24 R34 R44 R54 R64 RO5 R15 R25 R35 R45 R55 R65 R0O6 R16 R15
R36 R46 R56 R66 Data Rm stored in these flip-flops is specified by
means of the attached suffixes, respectively indicating the colum

ship between original patterns and data obtained by classi-
f)_'ing signals from the edge detecting circuit by the logical
circuit;

FIG. 17 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. 18 is a further diagram illustrating the relationship
between original patterns and data obtained by classifying
signals from the edge detecting circnit by the logical circuit;

FIG. 19 is a further diagram iBustrating the relationship
between original patterns and data obtained by classifying
signals from the edge detecting circuit by the logical circuit;

FIG. 20 is a diagram schematically illustrating unit dot
data outputted from a pulse-width modulating circuit;

FIG. 21 is another diagram schematically illustrating unit
dot data outputted from the pulse-width modulating circuit;

FIG. 22 is still another diagram schematically illustrating
unit dot data outputted from the pulse-width modulating
circuit;

FIG. 23 is a further diagram schematically illustrating unit
dot data outputted from the pulse-width modulating circuit;

FIGS. 24a and 24b are a diagram illustrating an example
of a sampling window;

FIGS. 25 1, 25 I and 25 I are an explanatory diagram
illustrating a case in which a correction is made by adding
a dot to the left side of a horizontal rising portion in a process

of correction by applying the bit map data on the charactes
“$"” shown in FIG. 4;

FIGS. 26 1, 26 II and 25 IIT are an explanatory diagram
illustrating a case in which a correction is made by shaving
a left side portion of a dot in 2 horizontal rising portion in
the process of correction by applying the bit map data on the
character “$” shown in FIG. 4;

FIGS. 271, 27 II and 27 III are an explanatory diagram
illustrating a case in which a correction is made by shaving
a left side portion of a vertical rising portion in the process
of correction by applying the bit map data on the character
“$” shown in FIG. 4;

FIGS. 28 I, 28 I and 28 I are an explanatory diagram
illustrating a case in which a correction is made by adding
a dot in a vacant portion located on the lefi-hand side of a
vertical rising portion in the process of correction by apply-
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and line. Data R33 at the central portion is set as the focused point,
l.e., the dot data to be printed next. The program configuration ‘shown in
FIG 46 is classified into a block | for obtaining data for correcting
vertical lines and a block Il for obtaining data for correcting horizontal
lines. The block I for obtaining data for correcting vertical |ines

i ncl udes Step 530 for calculating a hor@zontal rising edge from upper and

| ower regions 520 obtained by classifying

ing the bit map data on the character “$” shown in FIG. 4:

FIC?. 29is a diagram illustrating a result of correction by
applying the bit map data on the character “$" shown in FIG.

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;

F{G. 32 is a schematic diagram illustrating the storage and
reading of data by simulating the operation of the memory
device shown in FIG. 31 in the form of printing;

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

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

FIG. 35 is a circuit diagram illustrating an example of 2
falling-portion edge detecting circuit constituting a part of
the first edge detector;

_FIG. 36.is a circuit diagram illustrating an example of a
rising-portion edge detecting circuit constituting 2 part of a
second/edge detector;

IfIG. 37 @s a circuit diagram illustrating an example of a
falling-portion edge detecting circuit constituting a part of
the second edge detector;

FIG 38 is a circuit diagram illustrating an example of a
clas:slfymg cm:mt for classifying an original pattern on the
1312313 ofa nising edge from the edge detector shown in FIG.

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

FIG. 40 is a circuit diagram illustrating an example of
gmothg.r classifying circuit for classifying an original pattern
in whn':h a dot is present at a focused point among outputs
from still another classifying circuit for classifying an origi-
nal pattern in which the focused point is a vacant portion
;t;xong t;17e outputs from the edge detectors shown in FIGS.

and 37,

FIG.41isa circuit diagram illustrating an cxample of still
another classifying circuit for classifying an original pattern -
This is the raplacement sheet

Dt 18 pEC 997
ates



the 7X7 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 calcul ating
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 cal cu-

| ati ng an amount of correction. The block Il for obtaining data for
correcting horizontal lines includes St7lep 560 for executing a cal cul ation
of a vertical rising edge of a region 550 with 3 |inesX7 colums

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 to0 41,

FIG. 43 is a circuit d1agram illustrating an example of 2
pulse-width modulator for outputting print data on the basis
of data from the determining circuit shown in FIG. 42;

FIG. 44 is a diagram illustrating bit map data in a case
where ever character “$” shown in FIG. 4 is corrected by
enlarging the sampling window;

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

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

FIG. 47 is a diagram illustrating bit map data showing a
result of enlarging the window and performing calculation
with respect to the character “$” shown in FIG. 4 by means
of software;

FIG. 48 is a block diagram showing a bit-map-data
generating circuit according to another embodiment of the
invention;

FIGS. 49 and 50 are timing charts showing the operation
of the embaodiment of FIG. 48; )

FIG. 51 is a circuit diagram of an image data storage unit
used in the embodiment of FIG. 48;

FIG. 52 is a schematic chart illustrating, in the form of a
printing procedure, data storage and read operations on the
image data storage unit of FIG. 51; and

FIG. §3 is a circuit diagram showing a shift register
constituting a sampling window that is used in the embodi-
ment of FIG. 48

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates the configuration of an example of a
laser printer, in which a photoconductor drum 1 is arranged
such that a photoconductive layer is formed on the surface
of a drum driven by a motor in a direction indicated by an
atrow A in the drawing. Before print data is written on the
photoconductor drum 1, toner remaining on its surface is
removed by means of a rubber blade 2, and residual charge
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extracted fromthe 7x4 shift register with the focusnmed point R33 as the
center, Step 561 for extracting AU, BU, CU, DU, EU, FU, QJ, Step 562 for
cal cul ating an anount of addition of a dot which, in a case where data at a
position subject to printing is vacant, is replenished; Step 563 for

cal cul ating an anmount of shaving which, in a case where the data at the
position subject to printing is a dot,-&educes that dot; Step 570 for
calculating a vertical falling edge; Step 571 for extracting AD, BD, CD,

DD, ED, FD, GD; Step 572 for

is eliminated by being discharged by uniform irradiation
with light from an erase lamp 3. After cleaning, ions
generated by a charge generator, e.g., a corona discharge unit
4, arc supplied to the photoconductor drum 1, so that the’
photoconductor drum 1 is charged to a fixed surface poten-
tial. At a stage where such preparations have been com-
pleted, the photoconductor drum 1 is irradiated with a laser
beam from a laser-beam generator 5, thereby allowing data
to be written in a selected area.

The laser beam is modulated as electric power supplied to
cause a laser diode to emit light, as shown in FIG. 2, is
turned on and off in conformity with data to be printed. A
laser beam 7 from the laser diode 6 is collimated by a
collimator lens 8 and is then converged onto a scanning
mirror 9. The scanning mirror 9 is a regular polygon mirrot
secured to a rotating shaft of a motor 10 and effects
horizontal scanning across the surface of the photoconductor
drum 1 as the laser beam is moved horizontally in the
direction of reference character C in the drawing as the
scanning mirror 9 is rotated by means of the motor 10
rotating in a direction indicated by reference character B in
the drawing. :

While the laser beam scans the length of the phatocon-
ductor drum 1, the photoconductor drum 1 also rotates in the
direction of arrow D, so that the entire surface of the
photoconductor 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 photoconductor
drum 1 are set to synchronize, scanning with the laser beam
per cycle is offset by a predetermined interval, e.g., by Y300
inch, in the circumferential direction. In a case where
printing is to be effected with a required resolution, e.g., a
resolution necessary for forming correction data while the
laser beam advances by 1 inch (24.5 mm) on the surface of
the photoconductor drum 1, for instance, in a case where
printing of dot data outputted from a character generator is
effected with a Y400 inch dot, a comrection 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 directionx1200 dots/inch in the horizontal
direction for the photoconductor drum as a whole.

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 still maintain a
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cal cul ating an anobunt of addition of a dot which, in a case where the data
at the position subject to printing is vacant, is replenished; and Step 573
for cal culating an anmount of shaving which, in a case where the data at the
position subject to printing is a dot, reduces that dot - 31 -

-9.

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 photoconductor 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 selccnvcly attracted by such portions, thereby
converting a latent image to a toner image.

In a transfer unit 13, the toner image on the photocon-
ductor drum surface is transferred to recording paper. The
recording paper is conveyed at the same speed as the
peripheral speed of the photoconductor drum 1 while being
in contact with the photoconductor drum 1, and the toner on
the photoconductor drum 1 is drawn thereto by means of an
electric field applied through the rear surface of the record-
ing paper so as to adhere to the surface of the recording
paper. The photoconductor drum 1 further rotates as it is, and
is then subjected to the aforementioned cleaning process so
as to prepare for forming an ensuing electrostatic image. In
a thermal fixing unit 14, the toner image transferred to the
recording paper is thermally fused so as to fix the toner.
image to the recording paper. The thermal fixing unit 14,
which is arranged by incorporating a heater 16 in a roller 16,
is adapted to heat the toner image on the recording paper
while applying pressure thereto so as to fuse toner particles
and allow the same to adhere to the recordmg paper through
fusion.

FIG. 3 illustrates an example of a control unit for con-
trolling all the operations of the pnntmg process, and which
controls the light controlling unit and the photoconductor
drum by correcting the dot pattern data in correspondence
with print data. The control unit includes a central process-
ing unit (CPU) 20, a RAM 21 constituting a main storage
unit and an external storage device, a microcomputer con-
stituted by a ROM 22 for storing a program for controlling
the various operations, a character generator 28 incorporat-
ing a font storage unit in which data concemning a character
set is stored, and a buffer 23 for storing image data to be
inputted directly as a bit map pattern and bit map data from
the character generator 28.
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The data cal cul ated through the Steps 532, 542, 563, 572, 573 are conbined
in Step 580 for calculation for output determnation and are outputted as
print data. A detailed description wll now be given of the Steps nentioned
above. Calculation of a horizontal rising edge in Step 530: DXL=R33 AND
(NOT R23) DOL=R22 AND (NOT R12) D1L=R320AND (NOT R22)

The central processing unit 20 receives a clock signal
supplied from a clock signal generating circuit 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
generator 28, and then stored in the buffer 23, As for this bit
map data, its size and position are corrected by a bit-map-
data generating circuit 29 in correspondence with the rela-
tionship between the dot subject to printing and other dots
located in the horizontal and vertical directions of that dot,
as will be described later in detail, before the bit map data
is outputted to a laser beam modulator 17. In addition, the
central processing unit 20 controls the rotation of the pho-
toconductor drum 1 by controlling the photoconductor drum
1 via a bit shift circuit 30 and an address control circuit 31
0 as to render the rotation of the photoconductor drum 1
suitable for the writing of data.

- The aforementioned bit-map-data generating circuit 29 is
used to correct the 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 laser beam modulator 17.

When, for instance, the character “$" composed by a
combination of a curved line and a slanted line as shown in
FIG. 4 is outputied from the buffer 23, the bit-map-data
generating circuit 29 provides an output by adding a small
dot F' (FIG. 29) to a vacant portion F constituting a part of
the area indicated by within a circle denoted by reference
character E in the drawing, by shaving a dot G constituting
a stepped portion (G’ in FIG. 29), and by replacing with a
small dot R' (FIG. 29) a dot R constituting 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 pattem corresponding to that coded signal. The
coded signal is converted to bit map data, shown in FIG. 4,
by the character generator 28, and is stored in the buffer 23,

If the bit map data outputted from the buffer 23 is directly
outputted to the laser beam modulator 17 without being
corrected, stepped portions attributable to positional changes
in the standard bit size are printed, as described before, with
the result that the printed pattern lacks smoothness. That is,
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D2L=R42 AND (NOT R32) D3L=R11 AND (NOT RO1) D4L=R21 AND (NOT R11) D5L=R31
AND (NOT R21) D6L=R41 AND (NOT R31) D7L=R51 AND (NOT R41) DSL=R24 AND ( NOT
R14) D9L=R34 AND (NOT R24) DI10L=R44 AND (NOT R34)

«11 -

since the buffer 23 stores patterns composed using only
standard size dots for the purpose of reducing the required
storage capacity as rmuch as possible, the amount of mini-
mum projection of a dot cannot be set to be smaller than a
standard dot. For this reason, in the case of representing 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. § shows an example of the bit-map-data generating
circuit denoted by reference numeral 29 in FIG. 29. |

While the bit pattern data of a serial signal format
outputted from the character generator 28 is shifted one bit
at a time in the column direction, i.e., is being moved by
each line by means of shift registers constituted by flip-flops
FF denoted by reference numeral 40 in the drawing and
adapted to shift the data in the column direction, the bit
pattern data is stored in an image data storage umit 41
constituted by a static random access memory. Such storage
of data is effected by an address signal generator 42 oper-
ating 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/reaa control unit 43. At a stage
where data for a plurality of lines, i.e., five lines in this
example, has been stored in the image data storage unit 41,
the address signal generator 42 and the write/read control
unit 43 read data on each column with N lines from the
image data storage unit 41 in synchronism with the timing
of printing each dot, and sequentially output the same to a
shift register 44 of M columnsxN lines. After the data is
stored in the shift register 44, a succeeding signal indicative
of a one-bit portion outputted in serial signal format is stored
in the image data storage unit 41. The data stored in the shift
register 44 is digitally differentiated in the horizontal and
vertical directions by a first edge detector 45 and a second
edge detector 46 in synchronism with the write/read timings
of the address signal generator 42 and the write/read control
unit 43, thereby extracting data on a contour portion.

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 generated at the position (third
bit) where a dot is present following a vacant portion, and in
a case where a vacant portion is present following a dot, a
signal “1” is generated at the position (seventh bit) where the

final dot is present, as shown in FIG. 7. ‘
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D11L=R15 AND (NOT R05) D12L=R25 AND (NOT R15) D13L=R35 AND ( NOT R25)
D14L=R45 AND (NOT R35) D15L=R55 AND (NOT R45) D16L=R30 AND ( NOT R20)
D17L=R36 AND (NOT R26) Cal cul ation of a horizontal falling edge in Step
540: DXR=R33 AND (NOT R43)

-12 -

In addition, to digitally differentiate in the vertical direc-
tion means that, with reference to an example of a pattern
which continues from a second bit to a sixth bit in the Y-axis
direction, as shown in FIG. 8, when viewed from the top, the
signal “1” is generated at the position (x=2, y=6) where a dot
is present following a vacant portion, and the signal “1” is
generated at the position (x=2, y=2) where a vacant portion
is present following a dot, as shown in FIG. 9.

If the bit map data of the character “$” shown in FIG. 4
is differentiated using such a method, the data concerning
horizontal rising edges is indicated by black dots in FIG. 10,
while the data concerning horizontal falling edges is indi-
cated by black dots in FIG. 11. Moreover, the data concern-
ing vertical rising edges is indicated by black dots in FIG.
12, while the data concerning vertical falling edges is
indicated by black dots in FIG. 13.

The rising and falling edge data obtained by horizontally
differentiating the bit map data represent the vertical char-
actexistic 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 horizomtal rising and
falling edges and the vertical rising and falling edges thus
obtained from the bit map data of the original pattern, it is
possible to determine the relation in which the dot subject to
printing is placed with respect to the surrounding dots, ie.,
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 the buffer 23 can be ascertained if the data on the
horizontal rises and falls and the vertical rises and falls is
sampled by M columnsxN lines surrounding a focused
point, i.e., a position subject to printing, and if these data are
classified into a plurality of kinds of form and are deter-
mined by using first and second classifying units 47, 48
constituted by logical devices such as gate arrays.

FIGS. 14 to 19 show relationships between classifications
obtained by sampling original patterns by means of a 3
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DOR=R22 AND (NOT R32) D1R=R32 AND (NOT R42) D2R=R42 AND (NOT R52) D3R=R11
AND (NOT R21) D4R=R21 AND (NOT R31) D5R=R31 AND (NOT R41) D6R=R41 AND ( NOT
R51) D7R=R51 AND (NOT R61) D8R=R24 AND (NOT R34)
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columns X3 lines size sampling window and by logically
determining data on edge portions obtained by differentiat-
ing the sampled data on the one hand, and data from the
character generator. The patterns of a multiplicity (about
6100 kinds) of boundary portions that can possibly 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 dots indicate portions where
the dots are present, plain circles indicate portions where the
dots are not present, and grayish dots denote portions for
which the presence or absence of the dots is immaterial.

That is, as for the horizontally differentiated data, if these
data are classified by focusing on the patterns of an upper
region including the focused point and by assigning classi-
fication codes A0-A4 to their configurations, and by focus-
ing on the patterns of a lower region including the focused
point and by assigning classification codes B0-B4 to their
configurations, and if the original patterns are classified on
the basis of these classification codes, patterns as shown in
FIGS. 14 and 15 can be obtained.

In addition, as for the rising edges obtained by vertically
differentiating original patterns, if these data are classified
by focusing on the patterns of a right-hand region including
the focused point and by assigning classification codes
E0-E4 to their configurations, and by focusing on the
pattemns of a left-hand region including the focused point
and by assigning classification codes FO0-F4 to their con-
figurations, 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, if the rising edge data obtained by vertically
differentiating original patterus are classified by focusing on
the patterns of a region located rightwardly of the dot just
below the focused point and by assigning classification
codes GO-G4 to their configurations, and by focusing on the
patterns of a region located leftwardly of the dot just below
the focused point and by assigning classification codes
HO0-H4 to their configurations, and if the original patterns
are classified on the basis of these classification codes,
patterns as shown in FIGS. 18 and 17 can be obtained.

The results thus obtained by determining the configura-
tions by means of the classifying units 47, 48, i.e., AO—-A4,
B0-B4, C0, C4, DO, D4, E0-E4, Fo-F4, GO-G4, and
HO0-H4, are used in determining by a determining circuit 49
to which form, ie., to which of the groups of the patterns
classified in FIGS. 14 to 19, the data on the focused point

This is the replacement sheet

18 DEC 1997

Date:



DOR=R34 AND (NOT R44) D10R=R44 AND (NOT R54) D11R=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)

-14 -

belongs.

On the basis of the data from the first and second
classifying units 47, 48, the determining circuit 49 deter-
mines 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 puise widths such as
those shown in FIGS. 20 to 23 by means of a pulse
modulator 50. In other words, the result of determination is
converted to data for printing the following dot pattems: a
pattern in which, if % of the size of one normal dot of the bit
map data outputted from the buffer 23 is assumed to be a unit
size, the position of the dot of this unit size is offset by % a
normal dot pitch, (60, 61, 62, 63 in FIG. 20); a pattern in
which the position of a dot three-fold the unit size is offset
by % dot pitch, ie., the right- or left-hand side of the
normal-size dot is shaved by % 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 % dot projecting
toward the print starting side (i.e., lefiward in the drawing)
by the unit size as compared with the normal dot (66 in FIG.
23); and a pattern having a size of % dot projecting
rightward in the drawing by the unit size as compared with
the normal dot (67 in FIG. 23).

The shift register 44 constitutes a sampling window with
3 columns>@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 line including the
focused point is stored in R1 to R3; the data on the same line
as that of the focused point and located just before and after
the focused point is stored in R4 and RS; and the data on the
line immediately following the line including the focused
point is stored in R6 to R8. In addition, auxiliary data for
calculating data on boundary portions at the time of vertical
differentiation is stored in R9 to R16, while auxiliary data
for calculating such data at the time of horizontal differen-
tiation is stored in R17 to R20. That is, data on an (n-2)th
line is stored in the regions R9 to R12; data on an (o~1)th
line is stored in the regions R17, R1 to R3, R18; data on the
n-th line is stored in the regions R4, RO, RS, R21; data on
the (n+1)th line is stored in the regions R19, R6 to RS, 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
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- 32 - Extraction calculation in Step 531: Anong the differential data
obtained in the above-do scribed manner, only predeterm ned differenti al
data an extracted by formng the followi ng wi ndow using a differ. ential
val ue DXL at the focused point R33 as a center.
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in the drawing by each portion of one column with five lines.

For this reason, with respect to an example of, for
instance, the bit map pattem shown in FIG. 4, in a case
where the vacant portion F in the area indicated by reference
character E in the drawing has is to be printed (a focused
point), a determination is made not at that point of 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() is stored in the shift register 44.
Consequently, edge data such as the one shown in FIG.
25(I1) is outputted from the first edge detector 45. The
classifying circuit 47 effects a determination by classifying
this edge data (FIG. 25(II)) into an upper pattern including
the focused point RO and a lower pattern including the
focused point RO by means of the above-described tech-
nique, thereby classifying the former pattern as A2 and the
latter pattern as' B3 (FIG. 15). It is thereby determined that
the focused point RO presently stored in the shift register 44
is a dot falling onder a group of patterns surrounded by a
dotted-line block in FIG. 15. As a result, it is determined that
it is necessary to add a % 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. 25(1I) of the same drawing, i.e., adot
(FIG. 23) longer along the left-hand side by % a dot than the
normal dot. It should be noted that since these calculated
results are outputted at a stage which will be in time for
printing at least Y4 dot ahead of a timing for starting the
actual printing, the irmradiation point of the laser beam is
present at the vacant portion F.

As a result, as the printing of the dot is started at a point
of time when the laser beam has passed the vacant portion
F by % a dot width, a pattern in which % 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 one shown in FIG. 26(]) is stored in the shift register 44,
with the result that data shown in FIG. 26(II) is outputted
from the edge detector 45. The classifying circuit 47 clas-
sifies the upper pattern including the focused point Q0 as Al
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D16R D3R D4R D5R D6R D7R DOR D1R D2R DXR DBR DOR D10R
D11R D12R D13R D14R D15R D17R On the basis of the diferential data thus
extracted, the following |ogical calculation is executed to generate a

-16 -

and the lower pattern including the focused point Q0 as B2.
As a result, the patterns including the focused point 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(IIT)) in which the Jeft-hand
side of the normal dot is shaved by % dot. When the laser
beam has further moved to the right-hand side by % dot after
reaching the focused point Q0 upon the outputting 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 % dot and % 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 K in FIG. 4,
when the dot R is stored in the shift register 44 as the focused
point QO, data shown in FIG. 27(I) is stored, so that
vertically differentiated data- (FIG. 27(II)) from the edge
detector 48 is used. The classifying circuit 48 classifies the
right-hand pattern including the focused point Q0 as E1 and
the left-hand pattemn including the same as F2 (the patterns
surrounded by a block indicated by a dotted line in FIG. 186).
The determining circuit 49 outputs a signal for printing a dot
(FIG. 27(II)) in which the right-hand side of the normal doi
is shaved by % dot. The laser beam is activated until the laser
beam moves to the right-hand side by 3 dot after reaching
the focused point Q0 upon the outputting of the calculated
result, thereby printing a pattern indicated by R’ in FIG. 29,

Furthermore, when a vacant portion L surrounded by
reference character K becomes the focused point QO0, a
pattern as shown in FIG. 28(T) is stored in the shift register
44, and edge data, such as that shown in FIG. 28(1), is
outputted from the edge detector 46 as the vertically differ-
entiated pattern. The classifying circuit 48 classifies a right-
hand region of the pattern one dot below the focused point
Q0 as G1 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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hori zont al - dot -shavi ng effective signal: SVL = (NOT DXL) OR ((NOT DO1) (NOT
D1L) AND (NOT D2L)) OR ((NOT D8L) AND (D91) AND (NOT D10OL)) In addition, a
vertical -line-correction presence-or-absence signal is generated by
executing the follow ng |ogical cal- culation: SFTL2 = (NOT X) OR (NOT DXL)
OR ((NOT DOL) AND ((NOT D1L) AND ( NOT %)72L))

Thereafter, as described above, the array of dots in the
sampling region is classified on the basis of the horizontally
and vertically differentiated data of the original pattern, and
if it is determined as a result of this classification that the
focused point corresponds to an edge portion, an operation
is conducted in which a dot smaller than the normal dot is
added in a vacant portion horizontally adjacent to the
focused point, the dot at the focused point is corrected into
2 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 configuratior
since the small dots are fused with each other in such a
manner as to be attracted by the surrounding normal dots
owing to the expansion and blurring of the laser beam,
electrostatic induction of the dots on the photoconductor
drum, the size of the toner particles, 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 correc-
tion are detected by using as index data the data on contour
portions obtained by differentiating the original pattern,
patterns of about 6100 kinds or thereabouts can be 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 pericd
for printing one dot, so that it is possible to implement the
apparatus not only in hardware but also in software.

Specific examples of the units performing the above-
described operations are described below with reference to
the timing chart of FIG. 30.

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

Hip-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 terminal 76, in the column direction (i.e.,
in the sub-scanning direction) by means of a shift signal
(SHIFT CK) from an input terminal 83. The output from the
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OR ((NOT DSL) AND (NOT D9L) AND (NOT DIOL) OR (DOL AND D2L) OR (D4L AND
D6L) OR (D8L AND D10L) OR (Di12L AND D14L) Moreover, the follow ng | ogical
calculation is executed on the basis of the aforenentioned differential
data so as to determne AL, BL, CL, DL, EL: ALO=DOL AND (NOT D2L)

-18 -

shift register 75 is stored in an image memory 78 constituted
by a static random access memory or the like via a tri-state
circuit 77. The memory 78 is controlled by a horizoatal
synchronizing signal (HSYNC) at the time of the starting of
laser beam scanning which is inputted from an input termi-
nal 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 syn-
chronizing signal (HSYNC). The memory 78 outputs a
portion of one column with five lines of data stored therein
through output terminals 84 to 88 during the first balf of the
video clock, and to store the signal of one bit from the shift
register 78 during the latter half of the video 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 (N43)th line, and an (N+4)th line are
stored in the memory 78. In this state, data 90 on the N-th
to the (N-+4)th lines in the first column is read in the parallel
signal format in synchronism with the video clock during the
first half of the video clock, while one-bit data 91 on the
(N+5)th line in the first column outputted from the buffer is
stored during the latter half of the video clock. As a result,
data 92 on the N-th line in the first column disappears from
the memory 78. Data 93 on the N-th to the (N-+4)th lines in
the second column is read in the parallel 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 in FIG. 31;
D-type flip-flops 104 to 108 are connected in series with the -
output terminal 85 of the memory 78; D-type flip-flops 109
to 112 are connected in series with the output terminal 86 of’
the memory 78; D-type flip-flops 113 to 117 are connected
in series with the output terminal 87 of the memory 78; and
D-type flip-flops 118 to 121 are connected in series with the
output terminal 88 of the memory 78. At the same time, a
shift clock (SHIFT CK) is supplied to the respective flip-

flops.
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- 33 - AL1=DIL AL2-D2L AND (NOT DOL) CLO=DSL AND (NOT D10L) CL1=DOL
CL2=D10L AND ( NOT D8L)
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Through such connections, the flip-flops 101-103,
105-107, 110-112, 114-116, and 119-121 (surrounded by a
dotted-line block indicated by reference numeral 122 in the
drawing) constitute a window for detecting edges as viewed
vertically.

In addition, the flip-flops 114117 (surrounded by a block
indicated by reference numeral 123) constitute a window for
detecting edges as viewed horizontally. The flip-flop 111
located at the central portion of the two blocks stores data on
the focused point. It should be noted 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
outputied from the image memory 78 are stored simulta-
neously in the flip-fiops 100, 104, 109, 113, 118 and are
respectively transferred to the flip-flops 101, 105, 114, 114,
119 in the succeeding stages (right-hand side in the drawing)
at an ensuing read tnmng of the memory 78. Concu:renﬂy,
data on the five lines in an succeeding column are stored in
the flip-flops 100, 104,109, 113,118, As a result, the flip-flop
111 for storing the data on the focused point sequentially
renews the data on the line subject to printing one bitat a
time each time one-bit data is outputted thereto from the
buffer.

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

The rsising-portion detecting circuit shown in FIG. 34
includes inverters 160166 and AND gates 170-176. 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 170176 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
column is “0” and the signal of an ensuing column is “1”the
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BLO=(NOT DSL) AND (NOT D4L) AND (NOT DSL) AND (NOT D6L) AND (NOT D7L)
BL1=D3L AND (NOT D5L) AND (NOT D6L) BL2=D4L 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)
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signal “0” is inputted to a terminal 138, this signal is
converted to a “1” by the inverter 160, and the signal “1” is
inputted through a terminal 137, As a result, the signal “1”
is outputted from the AND gate 170, so that a rising signal
“1” is outputted from an output terminal 180.

The falling-portion detecting circuit shown in FIG. 35
includes inverters 200-206 and AND gates 210-216. The
arrangement provided is such that signals from the flip-flops
of the shift register shown in FIG. 33 are inputted directly to
the first input terminals of the AND gates 210-216 and 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
preceding column is “I™and the signal of a succeeding
column is “0”, the signal “1” is inputted to the terminal 137,
the signal “0” is inputted to a terminal 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 “I” is outputted from an output terminal 220.

FIGS. 36 and 37 illustrate an example of the second edge
detector 46. FIG. 36 shows an edge rising-portion detecting
circuit for detecting a position where a vacant portion is
changed over to a dot-present portion as viewed from the top
in 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 rising-portion detecting circuit shown in FIG. 36
includes inverters 230-238 and AND gates 240-248. The
signals from the shift register shown in FIG. 33 are inputted
to first input terminals of the AND gates 240-248 via the
inverters 230238, and the signals from the shift register 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
inputted, in a case where the signal of 2 time-wise preceding
line is “0”, and the signal of a succeeding line is “1”, the
signal “0” is inputted to a terminal 133, is converted to 2 “1”
by the inverter 230 and is outputted to the AND gate 240,
while the signal “1” inputted to the terminal 137 is outputted
directly to the AND gate 240, As a result, the signal “1” is
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AND (NOT D14L) AND (NOT D15L) DL1=D11L AND (NOT D13L) AND (NOT D14L) . .
DL2=DI 2L DL3=D13L DL4=D14L AND (NOT D12L) DL52=D15L AND (NOT D11L) AND (
D12L) AND (NOT D13L) ELI=D16L OR D17L ELO=NOT EL1 This Sheet Has Been eplaced
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outputted from the AND gate 270, so that a rising signal “1*
is outputted from an output terminal 280.

FIGS. 38 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 classifying the rising stepped portions, while FIG.
39 shows a circuit for classifying the falling stepped por-
tioms.

The circuit for classifying rising portions, shown in FIG.
38, has input terminals 180186 (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
293-301, OR gates 303, 304, NOR gates 305, 306, 308,
effects the following determinations on the basis of data on
a rising portion obtained by horizontally differentiating the
original pattern -

II

FX=0 THEN AMOUNT OF CORRECTION=0
IF D0=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
IF D=01 AND D2=] THEN AMOUNT OF CORRECTION=0
IF D8=1 AND D10=1 THEN AMOUNT OF CORRECTION=0

Thus, those patterns which do not require correcuon are
selected on the basis of the relationship between a focused
point and the differentiated data surrounding the same, and
a carry signal is outputted to an output terminal 310.

Then, the patterns are classified through the following
Iogical calculations:

IF D1=1 THEN A2
IF DO=1 THEN Al
IF D2=1 THEN A3
IF D9=1 : THEN B2
IF D8=1 THEN B1
IF Di0=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,
to an output terminal 313 (V A2 Rise) in the case of A2,
to an output terminal 314 (V A3 Rise) in the case of A3,
to an output terminal 315 (V B1 Rise) in the case of B1,
to an output terminal 316 (V B2 Rise) in the case of B2,
and

This is

Date:

the raplacement sheet

18 pEC 1997



Cal cul ation of anpbunt of correction in Step 532: An anobunt of correction in
the leftward dlrectlon Is calcu- lated by executing the foll ow ng

cal cul ation: SFTLO = {((BLO OR BL4 OR BL5 OR (ELO AND (BL2 OR BL3))) AND
(ALO AND (CLO OR CLl))) OR ((DLO OR DL4 OR DLS OR (ELO AND (DL2 OR DL3)))
AND (CLO AND (ALO OR AL1))) OR (DL1 AN%)2 CLO) AND AL1)

to an output terminal 317 (V B3 Rise) in the case of B3.
It should be noted the arrangement of the differentiated
data is defined as follows:

DO | D1 | D2

X

D8 | D9 |D10

Inaddition, the circuit for classifying falling portions,
shown in FIG. 39, has input terminals 220226 (which are
. indicated by the same reference numerals as those of the
output terminals 220-226 of the falling-portion edge detect-
ing circuit shown in FIG. 35 so as to correspond to the
same). This circuit, which includes inverters 320, 321, AND
gates 322-330, OR gates 331, 332, and NOR gates 333, 334,
335, executes classification based on logical calculations
similar to those of the circuit shown in FIG. 38.
The following determinations are made on the basis of
data on a falling portion obtained by horizontally differen-

__ tiating the original pattern:
I
IF X=0 THEN AMOUNT OF CORRECTION=0 i
IF D0=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
I§ DO=1 AND D2=i ' THEN AMOUNT OF CORRECTION=0
IF D8=1 AND D10=1 THEN AMOUNT OF CORRECTION=0

Thus, those patterns which do not require cosrection are |
selected on the basis of the relationship between a focused
point and the differentiated data surrounding the same, and
the carry s1gna1 is outputted to an output terminal 340.

Then, the patterns are classified through the following

logical calculations:
IF D1=1 THEN C2
IF DO=I THEN Cl
IF D2=1 THEN C3
IF D9=1 THEN D2
IF D8=1 THEN D1
IF D10=1 THEN D3
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OR (BL1 AND ALO AND CLI) OR (BL1 AND A12 AND DL2 AND CLO) OR (BL2 AND ALO
AND DL1 AND CL2) OR (BL2 AND ALO AND DL2 AND CL2) OR (BL2 AND AL2 AND DL2
AND CLO) OR (BL2 AND AL1 AND DL3 AND CL1) OR (BL3 AND AL1 AND DL2 AND CL1)
OR (EL1 AND ALO AND CLO) OR (EL1 AND (NOT BL2) AND AL1 AND CLO AND DL2)

-23-

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

to an output terminal 342 (V C1 Fall) in the case of C1,
to an output terminal 343 (V C2 Fall) in the case of C2,
to an output terminal 344 (V C3 Fall) in the case of C3,
to an output terminal 345 (V D1 Fall) in the case of D1,

to an output terminal 346 (V D2 Fall) in the case of D2,
and 3

to an output terminal 347 (V D3 Fall) in the case of D3,
It should be noted the arrangement of the differentiated
data is defined as follows:

DO |D1 | D2

D8 D10

. FIGS. 40 and 41 illustrate an example of the classifying
circuit 48 for classifying the kinds of stepped portions of
lines respectively extending honzontally into 2 plurality of
groups. The circuit shown in FIG. 40 eomprehensxvely
classifies the stepped portions of rising and falling portions
‘in cases where a dot is present at the focused point, while the
circuit shown in FIG. 41 comprehensively classifies the
stepped portions of rising and falling portions in cases where
a vacant portion is present at the focused point.

The classifying circuit shown in FIG. 40 is connected to
the output terminals shown in FIGS. 36 to 39. Input termi-
nals 250-252, 254, 256-258 of this circuit are identified

with the same rererence numerals as those OI the output
terminals 250-252, 256258 of the vertical rising-portion
edge detecting circuit shown in FIG. 36, those of the output
terminals 280-282, 284, 286-288 of the vertical falling-

portion edge detecting circuit shown in FIG. 37, and those
of the output terminals 311, 341 of the nsmg edge detecting
circuit and the falling edge detectmg circuit of FIGS. 38 and
39 as viewed horizontally so as to correspond to the same.
This circuit includes AND gates 350 368, OR gates
370-377, NOR gate 378, and inverters 390-392.
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OR (ELI AND (NOT BL3) AND AL1 AND CLO AND DL3) OR (ELI AND (NOT DL2) AND
ALO AND CL1 AND BL2) OR (EL1 AND (NOT D13) AND ALO AND CL1 AND BL3 OR (EL1
AND BL1 AND DL3 AND ALO AND CL2) OR (EL1 AND BL3 AND DL1 AND AL2 AND CLO)}
AND (NOT SFTL2)
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A determination is made by means of the AND gates
365-368 as to whether or not the dot rise signal (FIG., 38 or
the dot fall signal (FIG. 39) has been inputted to the input
terminals 311, 341. If the input signal does not represent a
rising edge portion or a falling edge portion, the output of the
result of classification i3 suspended.

Mareover, if the input signal represents a rising edge
portion, a classification i3 executed by conducting the fol-

lowing logical calculations:

IF DS=1 AND D3=1 THEN E4
ELSE IF D=l THEN E3
ELSE IF D4=1 THEN E2
ELSE IF D3=1 THEN El
ELSE EO

IF D8=1 AND D6=1 THEN F4
ELSE IF D8=1 THEN F3
ELSE IF D7=1 THEN F2
ELSE TF D6=1 THEN Fl
ELSE FO

On the other band, if the input signal represents 2 falling
edge portion, a classification is executed by conducting the

following logical calculations:

IF DS=1 AND D3=1 THEN E4
ELSE IF D3=1 THEN E3
ELSE IF D4=] THEN E2
ELSE IF D5=1 : THEN El
ELSE EO

IF D8=1 AND Dé6=1 THEN F4
ELSE IF D6=1 THEN F3
ELSE IF D7=1 THEN P2
ELSE IF D8=1 THEN Fl
ELSE FO

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

to an output terminal 403 (Shave EI) in the case of El,
to an output terminal 402 (Shave E2) in the case of E2,
to an output terminal 401 (Shave F1) in the case of F1,

to an output terminal 400 (Shave F2) in the case of F2,
It should be noted the arrangement of the differentiated
data is defined as follows:
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- 34 - In addition, an amount of correction in the rlghtward direc. tion is
cal cul ated by executing the follow ng cal culation: SFTL1 {(BLO OR BL1 OR
BL2 OR BL4 OR (ELO AND BL3)) AND (AL2 AND(CL1 OR CL2))) CR (( 0 OR DL1 OR
DL2 OR DL4 OR (ELO AND DL3)) AND (CL2 AND(ALL OR A12))) OR (DL5 AND CL2 AND
AL1)
-25-

DS D8

D4} X (D7

D3 D6

The circuit for classifying falling portions, shown ia FIG
41, is connected to the output terminals shown in FIGS. 36
and 37. The input terminals 250-252,255, 256-258 of this
circuit are indicated by the same reference numerals as those
of the output terminals of the vertical rising portion edge
detecting circuit shown in FIG. 36, and thosc of the output
terminals 280-283, 286-288 of the vertical falling-portion
edge detecting circuit shown in FIG. 37 so as ta correspond
to the same. This circuit includes AND gates 410-428, OR
gates 431-436, NAND gates 438, and inverters 440-442.

If the mput signal represents a rising edge portion, a
classification is executed by conductmg thc following logi-
cal calculations:

IF D5=1 AND D3=1 THEN G4
ELSE IF D5=1 THEN G3
- ELSE IF Dé=1 THEN G2
ELSE IF D3=1 THEN Gl
ELSE Go
IF D8=1 AND Dé=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
portion, a classification is executed by conducting the fol-
lowing logical calculations: &=~ -

IF D5=1 AND D3=1 THEN G4
ELSE IF D3=1 THEN G3
.ELSE IF D4=1 : THEN G2
ELSE IF D5=1 THEN G1
ELSE Go6

IR D8=1 AND Dé=1 THEN H4
ELSE IF D6=1 THEN H3
ELSE IF D7=1 THEN H2
ELSE IF D8=1 THEN H1
ELSE 0

The carry signal is outputted to the following terminals in
the respective cases as a result of the classification: This is the replacement sheet
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OR (BL5 AND AL2 AND CL1) OR (BL4 AND AL2 AND DL5 AND CLO) OR (EL5 AND ALO
AND DL4 AND CL2) OR (BL4 AND AL1 AND DL3 AND CL1) OR (BL3 AND AL1 AND DL4
AND CL1) OR (EL1 AND AL2 AND CL2) OR (EL1 AND (NOT DL3) AND AL2 AND CL1) OR
(EL1 AND (NOT BL3) AND AL1 AND CL2) OR (EL1 AND BL5 AND DLO AND A12 AND

CLO)
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to an output terminal 433 (H G1) in the case of G1,
to an output terminal 432 (H G2) in the case of G2,
to an output terminal 431 (H HI) in the case of Hi, and

to an output terminal 430 (H H2) in the case of H2.
It should be noted the arrangement of the differentiated
data is defined as follows:

D5 D8
D4 X |D?7
D3 D6

The signals outputted from the classifying circuits shown
in FIGS. 38 to 41 illustrate in groups the forms of the
original pattems stored in the shift registers 44. That is, if the

. carty signals A0-A4 and the carry signals B0-B4 from the

classifying circuit shown in FIG. 38 are combined, it is
possible to récognize the original pattern having a rising
edge, shown in FIGS. 14 and 15, as viewed horizontally. In
addition, if the carry signals CO-C4 and the carry signals
DO-~-D4 from the classifying circuit shown in FIG. 39 are
combined, it is possible to recognize an original pattern
having a pattern symmetrical about a vertical line with
respect to the patterns shown in FIGS. 14 and 15, ie, an
original pattern having a falling edge as viewed horizontally.

If the carry signals E0-E4 and the carry signals FO-F4
from the classifying circuit shown in FIG. 40 are combined,
itis possible to recognize an original pattern in which the dot
is present at the focused point among the edges shown in
FIG. 16 and 17, as viewed vertically.

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

FIG. 42 illustrates an example of the determining circuit
49 described in connection with FIG. §. This determining
circuit 49, upon receiving the carry signals from the classi-
fying circuits shown in FIGS. 38 to 41, determines the size
of the dot to be printed and a printing position thereof. The
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OR (EL1 AND BLO AND DL5 AND ALO AND CL2)} AND (NOT SFTL2) Extraction
calculation in Step 541: Anong the differential data obtained in the
above-de- scribed manner, differential data are extracted by formng the
followi ng window using a differential value DXR at the focused point R33 as
the center. D16L DL3 D4L D5L D6L D72L

input terminals of the determining circuit 49 are indicated
with the same reference numerals as those of the output
terminals 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 440451 and OR gates
460-469. :

When the carry signals (Al, B1), (A1, B2), or (A2, B1)
are outputted from the classifying circuit shown in FIG. 38,
this circuit outputs through its output terminal 470 a signal
for adding a Y-size dot to the left-hand side of the normal
dot, i.e., the unit dot to the left-hand side of the focused
point. Moreover, when the carry signals (A2, B3), (A3, B2),
or (A3, B3) are outputted from that classifying circuit, the
determining circuit outputs through its output terminal 471
a signal for shaving the lefi-hand side of the dot at the
focused point by the portion of the unit dot.

When the carry signals (C1, D1), (C1, 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 14 dot. Moreover, when the carry signals (C2, C3), (C3,
D2), or (C3, D3) are outputted, the determining circuit
outputs through its output terminal 473 a signal for adding
% dot to the right-hand side of the normal dot.

When the carry signals (E2, F1) are outputted from the
classifying circuit shown in FIG. 40, the determining circuit
outputs through the output terminal a signal for shaving the
lefi-hand side of the normal dot at the focused point by %
dot. Moreover, when the carry signals (E1, F2) are outputted
from that classifying circuit, the determining circuit outputs
through the output terminal 472 a signal for shaving the
right-hand side of the normal dot at the focused point by 4
dot.

When the carry signals (G2, Hi) are outputted from the
classifying circuit shown in FIG. 41, the determining circuit
outputs through its output terminal 474 a signal for adding
Y dot at a position a % dot space apart to the right from the
focused point. Moreover, when the carry signals (G1, H2)
are outputted, the determining circuit outputs through its
output terminal 475 a signal for adding % dot at a position
a ¥ dot space apart to the right from the focused point.

FIG. 43 illustrates an example of the pulse-width modu-
lating circuit shown in FIG. 5, This pulse-width modulating
circuit includes a flip-flop 480 for receiving a signal from the
fiip-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, L4 (see FIG. 30)
obtained by shifting a single video clock by four different

Shy 0y -,,-k_-»,‘;.v.;‘r-'.‘.,ir‘,"ge‘.f"{ E‘i’(‘:.’f’\‘i.
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DOL DiL D2L DXL D8L DOL D10OL D11L D13L D14L D15L D17L On the
basis of the differential data thus extracted, axtracted, the follow ng
| ogical calculation is executed to generate a horizontal -dot-shavi ng
effective signal: SVR=(NOT DXR) 28

ntervals; a flip-flop 481 for receiving the signal from the
output terminal 470 of the determining circuit and the third
clock signal L3; a flip-flop 482 for receiving the signal from
the output terminal 471 of the determining circuit and the
third clock signal L3; a flip-flop 483 for receiving the signal
from the output terminal 475 of the determining circuit and
the third clock signal L3; a flip-flop 484 for receiving the
signal from the output terminal 474 and the third clock
signal L3; a flip-flop 485 for receiving the signal from the
output terminal 472 of the determining circuit and the first
clock signal L1; and a fiip-flop 486 for receiving the signal
from the output terminal 473 of the determining circuit and
the first clock signal L1, The output signals from the
flip-flops 480-486 are synthesized by the clock signals
L1-L4, inverters 490-493, AND gates 495-499, OR gates
500-503, and NAND gates 504-5-5, so as to output {o an
output terminal 506 a signal having a pulse width corre-
sponding to the signal from the determining circuit,

If it is assumed that data S4' is outputted from the buffer
23, data 54 which is on the same column as that of that data
but on a ‘preceding line is read from the image memory.
during the first half of the video clock and is stored in the
shift register, and the data S4' being presently outputted is
stored in the image memory during the latter half of the
video clock. Moreover, data S2 preceding by two columns
is stored in the flip-fiop 111 of the shift register for storing
the focused point, and that data is used as an object of
calculation.

Since data subject to printing is data S1 for which the
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 focused point of
the flip-flop and no signal is present concerning the addition
of a dot to the vacant portion, the dot can be printed in the
vacant portion by making use of a delay with respect to the
point subject to printing, at a time when the data represent-
ing an ensuing rising or falling edge is stored.

Although, as shown in FIG. 30, at a time VIa mode (shave
right) for shaving the right-hand side of the normal dot by a
Y4 dot and a mode (add left) for adding % dot the left-hand
side of the normal dot overlap, and at a time VII a mode (add

right) for adding !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 % dot overlap, but only one mode is
selected for the same focused point so that there no conflict

occurs.
This is the raplacement sheet
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OR ((NOT DOR) AND (NOT DIR) AND (NOT D2R)) OR ((NOT D8R) AND (NOT DIR) AND

(NOT D1OR))

- 35 - Then,
signal is generated by executing the follow ng | ogical

(NOT X) OR (NOT DXR)

-29-

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

Although in the above-described embodiment data on a
portion of 3 columnsx3 columns with the focused point as
a center is set as the object of determination, if a sampling
window of a greater size, e.g., one for a portion of §
columnsxS columas, is used, it is possible 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 FIG. 44. "

It should be noted that the above-described specific cir-
cuits constituting the respective units shown in FIG. § are
only examples, and can be optimized in actual implemen-
tation 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 descrip-
tion has been given with reference to an example in which

"the calculating circuitry following the shift register 44

shown in FIG. §, i.e., the edge detector 45, 46, the classi-
fying circuit 47, 48, and the determining circuit 49, are
constimted by circuit elements, in a case where a micro-
computer whose calculating speed exceeds the actual print-
ing speed is used, these units can be replaced by a micro-
computer 510, as shown in FIG. 45, so as to allow the
microcomputer 5§10 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 descrip-
tion will be given hereinafter with reference to an example
in which the flip-flops are arranged in a 7X7 configuration as
shown below.

Thig is ine raplacement sheet
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OR (NOT DOR) AND (NOT DIR) AND (NOT D2R) OR (NOT D8R) AND (NOT D9R) AND
(NOT D1OR) OR (DOR AND D2R) OR (D4R AND D6R) OR (D8R AND D10R) OR (D12R AND
D14R) Further, the following logical calculation is executed on. the basis
of the aforenentioned differential data so as to determine AR BR, CR DR

ER:

ROO | R10 | R20 | R30 | R40 | RSO | RSO

RO1 | R11 | R21 | R3! | R4l | RS1 | R61

ROZ | RI2Z | R22 | R32 | R42 | R52 | R62

RO3 | RI3 | R23 | R33 | R43 | RS3 | R63
RO4 } R4 | R24 | R34 | R44 | RS4 | R64

ROS J RIS { R25 | R35 | R45 | RS5 | R6S

RO6 | RI6 | R26 § R36 | R46 | RS6 | R66

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

The program configuration shown in FIG. 46 is classified
into a block I for obtaining data for correcting vertical lines
fx?zd a block II for obtaining data for correcting horizontal

es.

The block I for obtmmng data for correcting vertical lines

rincludes Step 530 for calculatmg a horizontal rising edge

. from upper and lower regions 520 obtained by classlfymg
‘the 77 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 calcu-
lating an amount of correction.

"~ 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 linesX7 columns
extracted from the 7x4 shift register with the focused point
R33 as the center; Step 561 for extracting AU, BU, CU, DU,
EU, FU, GU; Step 562 for calculating an amount of addition
of a dot which, in a case where data at a position subject ta
printing is vacant, is replenished; Step 563 for calculating an
amount of shaving which, in a case where the data at the
position subject to printing is a dot, reduces that dot; Steg
570 for calculating a vertical falling edge; Step 571 for
extracting AD, BD, CD, DD, ED, FD, GD; Step 572 for
calculating an amount of addition of a dot which, in a case
where the data at the position subject to printing is vacant,

- is replenished; and Step 573 for calculating an amount of
‘shaving which, in a case where the data at the position
“subject to printing is a dot, reduces that dot.
Tk e the raoiacement sheet
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ARO=DOR AND (NOT D2R) ARL1=D1R AR2=D2R AND (NOT DOR) CRO=D8R AND (NOT DI OR)
CR1=D9R CR2=D1OR AND (NOT D8R) BRO=(NOT D3R) AND (NOT D4R) AND (NOT DSR)
AND (NOT D6R) AND (NOT DVR) BR1=D3R AND (NOT D5R) AND (NOT D6R)

-31-

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.

Caiculation of a horizontal rising edge in Step 530:
DXIL=R33 AND (NOT R23)
DOL=R22 AND (NOT R12)
D1L=R32 AND (NOT R22)
D2L=R42 AND (NOT R32)
D3L=R11 AND (NOT R01)
D4L=R21 AND (NOT R11)
D5L=R31 AND (NOT R21)
D6L=R41 AND (NOT R31)
D71=R51 AND (NOT R41)
D8L=R24 AND (NOT R14)
D9L=R34 AND (NOT RA4)
D10L=R44 AND (NOT R34)
DI1L=R15 AND (NOT R05)
D121 =R25 AND (NOT R15)
D13L=R35 AND (NOT R25)
D14L=R45 AND (NOT R35)
D15L~=RS5 AND (NOT R45)
D16L=R30 AND (NOT R20)
D17L=R36 AND (NOT R26)
Calculation of a horizontal falling edge in Step 540:
DXR=R33 AND (NOT R43)
DOR=R22 AND (NOT R32)
DI1R=R32 AND (NOT R42)
D2R=R42 AND (NOT R52)
D3R=R11 AND (NOT R21}
D4R=R21 AND (NOT R31)
D5R=R31 AND (NOT R41)
D6R=R41 AND (NOT R51)
D7R=R51 AND (NOT R61)
D8R=R24 AND (NOT R34)
'DI9R=R34 AND (NOT R44)
D10R=R44 AND (NOT R54)
DI11R=R15 AND (NOT R25)
D12R=R25 AND (NOT R35)
D13R=R35 AND (NOT R45)
D14R=R45 AND (NOT R55)
D1SR=RS5 AND (NOT R65)
D16R=R30 AND (NOT R40)

D17R=R36 AND (NOT R46) |
This is the replacement sheet

Date: I 8 DEC 197



BR2=D4R BR3=DSR BR4=D6R AND (NOT D4R) BR5=D7R (NOT D3R) AND (NOT D4R) AND
(NOT D5R) DRO=(NOT D11R) AND (NOT D12R) AND (NOT D13R) AND (NOT D14R) AND
(NOT D15R) DR1=D11R AND (NOT D13R) AND (NOT D14R) DR2=D12R DR3=D13R

-32-

Extraction calculation in Step 531:

Among the differential data obtained in the above-de
scribed manner, only predetermined differential data are
extracted by forming the following window using a differ:
ential value DXL at the focused point R33 as a center.

D16R

D3R | D4R | D5SR | D6R | DIR

DOR | DIR | D2R

DXR

D8R | D9R | DIOR

DR | D128 | D13R | D14R | DISR |

DITR

On the basis of the differential data thus extracted. the
following logical calculation is executed to genetate a
horizontal-dot-shaving effective signal:

SVL = (NOT DXL)
OR ((NOT DO1) (NOT DIL) AND (NOT D2L))
OR ((NOT D8L) AND (D91) AND (NOT D10L))

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

SFTL2 = (NOT X) OR (NOT DXL)
OR (NOT DOL) AND ((NOT D1L) AND (NOT D2L))
OR ((NOT DSL) AND (NOT DSL) AND (NOT D10L))
OR (DOL. AND D2L})
OR (D41. AND D6L)
OR (DSL AND D10L)
OR (D12L AND D}4L)

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)

This is the raplacement sheet
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DR4=D14R AND NOT (DR12R) DR5=D15R (NOT D11R) AND (NOT D12R) AND (NOT D13R)
ER1=D16R OR D17R ERO=NOT ERl Cal cul ati on of anpbunt of correction in Step
542: An amount of correction in the leftward direction is cal cul ated by
executing the follow ng cal cul ation

-33 -

AL1=DIL

AL2=D2L. AND (NOT DOL)

CLO=DSL AND (NOT D10L)

CL1=D9IL

CL2=D10L AND (NOT DSL)

BLO=(NOT DSL) AND (NOT D4L) AND (NOT DSL) ANH
(NOT D6L) AND (NOT D7L)

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

BL2=D4L

BL3=DSL

BL4=D6L AND (NOT D4L)

BL5=D7L AND (NOT D3L) AND (NOT D4L) AND (NO’]
DSL)

DLO=(NOT D11L) AND (NOT D12L) AND (NOT D13L}
AND (NOT D14L) AND (NOT D15L)

DL1=D11L AND (NOT D13L) AND(NOT D14L)

DL2=D12L

DL3=D13L

DL4=D14L. AND (NOT D12L)

DL52=D15L AND (NOT D11L) AND (NOT D12L) AND
(NOT D13L)

ELI=D16L OR D17L

ELO=NOT EL1

Calculation of amount of correction in Step 532:

An amount of correction in the leftward direction is calcu-

lated by executing the following calculation:

SFTLO =

{((BLO OR BL4 OR BLS OR (EL0O AND (BL2 OR m.a)))
AND (ALO AND (CLO OR CL1))) '

OR ((DLO OR DL4 OR DLS OR (ELO AND (DL2 OR DL3)))
AND (CLO AND (ALO OR AL1))

OR (DL1 AND CLO AND AL1)

OR (BL1 AND ALD AND CL1)

OR (BLI AND AL2 AND DL2 AND CLO)

OR (BL2 AND ALO AND DL1 AND CL2)

OR (BL2Z AND ALO AND DL2 AND CL2)

OR (BLZ AND ALZ AND DL2 AND CLO)

OR (BL2 AND ALl AND DL3 AND CL1)

OR (BL3 AND ALl AND DL2 AND CL1)

OR (EL1 AND ALD AND CL0)

OR (EL1 AND (NOT BL2) AND AL] AND CLO AND DL2)

OR (EL1 AND (NOT BL3) AND AL] AND CLO AND DL3)

OR (EL1 AND (NOT DL2) AND ALO AND CL1 AND BL2)

OR (EL1 AND (NOT DL3) AND ALD AND CL}1 AND BL3)

OR (EL1 AND BL1 AND DL3 AND ALQ AND CL2)

OR (EL1 AND BL3 AND DL1 AND AL2 AND CLO)}

S itk k5 the rantacamen shest
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-36- SFTRO= (((BRO OR BR4 OR BR5 OR (ERO AND (BR2 OR BR3))) AND (ARO AND
(CRO OR CR1))) OR ((DRO OR DR4 OR DR5 OR (ERO AND (DR2 OR DR3))) AND (CRO
AND (ARO OR AR1))) OR (DRL AND CRO AND AR1)

-34 -

In addition, an amount of correction in the rightward direc.
tion is calculated by executing the following calculation:

SFTL1 =

{((BLO OR BL1 OR BL2 OR BL4 OR (ELO AND BL3))
AND (AL2 AND(CL1 OR CL2))) -

OR ((DLO OR DL! OR DL2 OR DL4 OR (ELO AND DL3))
AND (CL2 AND(ALL OR AL2))

OR (DLS5 AND CL2 AND AL1)

OR (BLS5 AND AL2 AND CL1)

OR (BL4 AND AL2 AND DLS AND CLO)

OR (BLS5 AND AL0 AND DLA AND CL2)

OR (BL4 AND AL1 AND DL3 AND CL1)

OR (BL3 AND ALl AND DL4 AND CL1)

OR (EL1 AND AL2Z AND CL2)

OR (EL1 AND (NOT DL3) AND AL2 AND CL1)

OR (EL1 AND (NOT BL3) AND ALL AND CL2)

OR (EL1 AND BL5 AND DLO AND AL2 AND CL0)

OR (EL1 AND BLO AND DL5 AND ALO AND CL2)}
AND {NOT SFTL2)

Extraction calculation in Step 541:

Among the differential data obtained in the above-de—_
scribed manner, differential data are extracted by forming
the following window using a differential value DXR at the
focused point R33 as the center.

D16L

D3L | DAL | DSL | D6L | DL

DOL | DIL | D2L

DXL,

DSL | DOL { D1OL

DI1IL | DI12L | D13L | DI4L | D15L

DI7L

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)
OR ((NOT DOR) AND (NOT DIR) AND (NOT D2R))
OR ((NOT DSR) AND (NOT D9R) AND (NOT D10R))

This is the replacement sheet
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OR (BRI AND ARO AND CR1) OR (BRI AND AR2 AND DR2 AND CRO) OR (BR2 AND ARO
AND DRL AND CR2) OR (BR2 AND ARO AND DR2 AND CR2) OR (BR2 AND AR2 AND DR2
AND CRO) OR (BR2 AND ARL AND DR3 AND CR1) OR (BR3 AND ARL AND DR2 AND CR1)
OR (ERL AND ARO AND CRO) OR (FRL AND (NOT BR2) AND ARL AND CRO AND DR?)

-35-

Then, a vertical-line-correction present-or-absent signal is
generated by executing the following logical calculation:

SFTR2 = (NOT X) OR (NOT DXR)
OR (NOT DOR) AND (NOT D1R) AND (NOT D2R)
OR (NOT D8R) AND (NOT DIR) AND (NOT DlOR)
OR (DOR AND D2R)
OR (D4R AND D6R)
OR (DSR AND D10R)
OR (DI2R 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:

ARU=DOR AND (NOT D2R)
AR1=DIR
ARZ=D2R AND (NOT DOR)
,CRO=DSR AND (NOT DIOR)
"CRI=DISR
CR2=D10R AND (NOT DSR)
BRO=(NOT D3R) AND (NOT D4R) AND (NOT DSR)

AND (NOT D6R) AND (NOT DVR)

BR1=D3R AND (NOT D5R) AND (NOT D6R)
BR2=D4R

BR3=D5R

BR4=D6R AND (NOT D4R)

BRS=D7R (NOT D3R) AND (NOT D4R) AND (NOT DSR)
DRO=NOT D11R) AND (NOT D12R) AND (NOT D13R)

AND (NOT D14R) AND (NOT D15R)

DR1=DI11R AND (NOT D13R) AND (NOT D14R)
DR2=D12R

DR3=D13R

DR4=D14R AND NOT (DR12R)

DRS=D15R (NOT D11R) AND (NOT D12R) AND (NOT

D13R)

ER1=D16R OR D17R
'ER0=NOT ER1 ,
Calculation of amount of correction in Step 5§42:

An amount of correction in the leftward direction is

calculated by executing the following calculation:
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OR (ERL AND (NOT BR3) AND AR1 AND CRO AND DR3) OR (ERL AND (NOT DR2) AND
ARO AND CR1 AND BR2) OR (ER1 AND (NOT DR3) AND ARO AND CR1 AND BR3) OR (ER1
AND BR1 AND DR3 AND ARO AND CR2) OR (ER1 AND BR3 AND DR1 AND AR2 AND CRO)}
AND (NOT SFTR2) In addition, an ampunt of correction in the rightward
direction is cal cul ated by executing the follow ng cal cula- SPTR1L = {((BRO
OR SRL OR Br2 OR4 OR (ERO AND BR3)) ANS -

SFIRO =

{((BRO OR BR4 OR BRS OR (ER0 AND (BR2 OR BR3)))
AND (ARO AND (CRG OR CR1)))

OR ((DRO OR DR4 OR DRS5 OR (ER0 AND (DR2 OR DR3))) AND (CRO
AND (ARQ OR AR1)))

OR (DR1 AND CRO AND ARI)

OR (BR1 AND ARQ AND CRI1)

OR (BR1 AND ARZ AND DR2 AND CRO)

OR (BRZ AND ARO AND DRI AND CR2)

OR (BR2 AND ARO AND DR2 AND CR2)

OR (BR2 AND AR2 AND DR2 AND CRO)

OR (BR2 AND ARl AND DR3 AND CRI1)

OR (BR3 AND AR1 AND DR2 AND CR1)

OR (ER1 AND ARQ AND CRO)

OR (FR1 AND (NOT BR2) AND AR1 AND CRO AND DR2)

OR (ER1 AND (NOT BR3) AND AR1 AND CR0O AND DR3)

OR (ER1 AND (NOT DR2) AND ARO AND CR1 AND BR2)

OR (ER1 AND (NOT DR3) AND ARG AND CR1 AND BR3)

OR (ER! AND BR1 AND DR3 AND ARO AND CR2)

OR (ER1 AND BR3 AND DRI AND AR2 AND CR0)} AND (NOT SFTR2)

In addition, an amount of correction in the rightwatd
direction is calculated by executing the following calcula-
tion:

SFIR1 =

{((BRO OR BR1 OR BR2 OR RR4 OR (ER0 AND BR3)) AND
{AR2 AND (CR1 OR CR2)))

OR ((DRO OR DR1 OR DR2 OR DR4 OR (ERGAND DR3))
AND (CR2 AND (AR1 OR AR2))

OR (DR5 AND CR2 AND AR1)

OR (BRS AND AR2 AND CR1)

OR (BR4 AND AR2 AND DRS AND CR0)

OR (BRS AND AR0O AND DR4 AND CR2)

OR (BR4 AND AR1 AND DR3 AND CR1)

OR (BR3 AND AR! AND DR4 AND CR1)

OR (ER1 AND AR2 AND CR2)

OR (ER1 AND (NOT DR3} AND AR2 AND CRI)

OR (ER1 AND (NOT BR3) AND AR1 AND CR0)

OR (ER] AND BR5 AND DR0O AND AR2 AND CRO)

OR (ER1 AND BRO AND DRS AND ARO AND CR2)} AND (NOT SFIR2)

" A description will now be given of the comection or!
horizontal lines in block IL _'
Calculation of a vertical edge in Step 560:
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(AR2 AND (CRL OR CR2)))
)

(CR2 AND (ARL OR AR2
(BR4 AND AR2 AND DR5
ARL AND DR3 AND CR1).

OR ((DRO OR DRL OR DR2 OR DR4 OR (ERO AND DR3)) AND
) OR (DR5 AND CR2 AND AR1) OR (BR5 AND AR2 AND CR1) OR
AND CRO) OR (BR5 AND ARO AND DR4 AND CR2) OR (BR4 AND
OR (BR3 AND ARL AND DR4 AND CR1)

-37-

YU=R33 AND (NOT R32)
DXU=R34 AND (NOT R33)
DOU=R14 AND (NOT R13)"
D1U=R13 AND (NOT R12)
D2U=R12 AND (NOT R11)
D3U=R24 AND (NOT R23)
D4U=R23 AND (NOT R22)
D5U=R22 AND (NOT R21)
D6U=R44 AND (NOT R43)
D7U=R43 AND (NOT R42)
D8U=R42 AND (NOT R41)
D9U=R54 AND (NOT R53)
D10U=RS3 AND (NOT RS2)
D11U=R52 AND (NOT RS1)
D12U=R04 AND (NOT R03)
D13U=R03 AND (NOT R02)
D14U=R02 AND (NOT R01)
D15U=R64 AND (NOT R63)
D16U=R63 AND (NOT R62)
D17U=R62 AND (NOT R61)
Extraction calculation in Step 561:
To calculate a vertical rising edge, the following window
with differential data YU at the focused point R33 set as a
center is allotted to the differential data obtained in Step 560:

Di4U | D2U | DSU D3U | D11U | DI7U
DI3U| DIU { D4U| YU | D7U | Di0U | DI6U
DI2U | DOU | D3U | DXU | D6U | DU | D15U

Then, the following calculations are executed to obtain
AU, BU, CU, DU, FU, GU:
AUO0=(NOT DOU) AND (NOT D1U) and (NOT D2U)
AUl1=D0U AND (NOT D2U)
AU2=D1U
AU3=D2U AND (NOT DOU)
BUO=(NOT DBU) AND (NOT D4U) AND (NOT DSU)
BU1=D3U AND (NOT D5U)
BU2=D4U
BU3=D5U AND (NOT D3U)
CUO=(NOT D6U) AND (NOT D7U) AND (NOT D8U)
CU1=D6U AND (NOT D8U)
CU2=D70
CU3=D8U AND (NOT D6U)
DUO=(NOT D9U) AND (NOT D10U) AND (NOT D11U)
DU1=D9U AND (NOT D11U)

' This is the replacement sheet
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OR (ERL AND AR2 AND CR2) OR (ER1 AND (NOT DR3) AND AR2 AND CR1) OR (ERL AND
(NOT BR3) AND AR1 AND CRO) OR (Erl1 AND BR5 AND DRO AND AR2 AND CRO) OR (ER1
AND BRO AND DR5 AND ARO AND CR2)} AND (NOT SFTR2) A description will now be
given of the correction or horizontal lines in block IL Calculation of a
vertical edge in Step 560: 38

DU2=D10U
DU3=D11U AND (NOT D9U)

FUO=(NOT D12U) AND (NOT D13U) AND (NOT D14U)
FU1=D12U AND (NOT D14U)

FU2-D13U

FU3=D14U AND (NOT D12U)

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

GU1=D15U AND (NOT D170)

GU2=D16U

GU3=D17U AND (NOT D15U)

Calculation of amount of addition in Step 562:
The following logical calculations are executed:

ADD2U = {(AU2 AND BU1 AND CU! AND DUl AND FU2)
OR ((AUG OR AU3) AND BU1 AND CU2)
OR ({AU1 OR AU2) AND BU2 AND CUL AND DU1)
OR ((DUO OR DU3) AND AU1 AND BU1 AND CU2)}
AND (DXU AND (NOTDXD)}

ADD3U = {(AUl AND BU1 AND CU! AND DU2 AND GU2)
OR (BU2 AND CU1 AND (DUO OR DU3))
OR ((DU1 OR DU2) AND CU2 AND BUL AND AU1)
OR (AUO OR AU3) AND BU2 AND CU11 AND DU1)
OR (AU2 AND BU1 AND CU1 AND DU2)}
AND (DXU AND (NOT DXD))

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=YUAND YD

SVU3 = (NOT H) AND FUO AND AU1 AND BU1 AND CU2 AND DU2
AND YU

SVU4 = (NOT H) AND GUO AND DUL AND CUL AND BU2 AND AU2
AND YU

SVU1 = {(BU1 AND CU2) OR (AUl AND BU2 AND CU2 AM DU2)
OR(BUOAMCUZANDDIBAM(NOTH))}
AND (NOT (SVU3 OR SYU4)) AND YU

SVU2 = {(BU2 AND CU1) OR (AUZ AND BUZ AND CUZ AND DU1)
OR (AU3 AND BU2 AND CUG AND (NOT H)) AND (NOT (SVU3
OR SVU4)) AND YU

Calculation of a vertical rising edge in Step 570:
YD=R33 AND aNoT R34)
DXD=R32 AND (NOT R33)
DOD=R14 AND (NOT R15)
D1D=R13 AND (NOT R14)
Tris is 1he replacemsnt sheet
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- 37 - YU=R33 AND (NOT R32) DXU=R34 AND (NOT R33) DOU=R14 AND (NOT R13)
DLU=R13 AND (NOT R12) D2U=R12 AND (NOT R11) D3U=R24 AND (NOT R23)
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D2D=R12 AND (NOT R13)
D3D=R24 AND (NOT R25)
D4D=R23 AND (NOT R24)
D5D=R22 AND (NOT R23)
D6D=R44 AND (NOT R45)
D7D=R43 AND (NOT R44)
D8D=R42 AND (NOT R43)
D9D=R54 AND (NOT R5S)
D10D=R53 AND (NOT R54)
D11D=RS2 AND (NOT R53)
D12D=R04 AND (NOT R05)
D13D=R03 AND (NOT R04)
D14D=R02 AND (NOT R03)
D15D=R64 AND (NOT R65)
D16D=R63 AND (NOT Ré64)
D17D=R62 AND (NOT R63)
Extraction calculation in Step §71:

Among the differential data obtained in Step 570, the
following window is formed using a differential value YD at
the focused point R33 asacentersoastoextractdataona
vertical falling edge:

Di4D | D2D | D5D | DXD | D8D | D11D | DI7D

DI3D| DID | D4D | YD | D7D | DI10D | D16D

DI2D} DOD | D3D D6D | DID | DISD

On the basis of the differential aata thus extracted, the

following logical calculations are executed:
ADO=(NOT DOD) AND (NOT D1) AND (NOT D2D)

AD3=DAD AND (NOT DZD)

AD2=D1

AD1=D2D AND (NOT DOD)

BD0=(NOT D3D) AND (NOT D4D) AND (NOT D5D)

BD3=D3D AND (NOT DSD)

BD2=D4D

BD1=D5D AND (NOT D3D)

CDO0=(NOT D6D) AND (NOT DVD) AND (NOT DSD)

CD3=D6D AND (NOT DSD)

CD2=D7D

CD1=DSD AND (NOT D6D)

Trin ig the raoiacemant shes ’
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D4U=R23 AND (NOT R22) DSU=R22 AND (NOT R21) D6U=R44 AND (NOT R43) D7U=R43
AND (NOT R42) DBU=R42 AND (NOT R41) DOU=R54 AND (NOT R53) D10U=R53 AND ( NOT
RS2) D11U=R52 AND (NOT RS1) D12U=R04 AND (NOT RO3)
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DDO0=(NOT D9D) AND (NOT D10D) AND (NOT D11D)
DD3=D9D AND (NOT D11D)

DD2=D10D

DD1=D11D AND (NOT D9D)

FDO=(NOT D12D) AND (NOT D13D) AND (NOT D14D)
FD3=D12D AND (NOT D14D)

FD2=D13D

FD1=D14D AND (NOT D12D)

GDO0=(NOT D1SD) AND (NOT D16D) AND (NOT Dl'ID)
GD3=D15D AND (NOT D17D)

GD2=D16D

GD1=D17D AND (NOT D15D)

Calculation of amount of addition in Step 572:

ADD2D =
{(AD2 AND BD1 AND CD1 AND DD1 AND FD2)
OR ((ADO OR AD3) AND BD1 AND CD2)
OR ((AD1 OR AD2) AND BD2 AND CD1 AND DD1)

OR ((DDO0 OR DD3) AND AD1 AND BD1 AND CD2)}
AND (DXD AND (NOT DXU))

ADD3D =
{(AD1 AND BDI AND CD1 AND DD2 AND GD2)
OR ((BD2 AND CD1 AND (DD0 OR DD3))
OR ((DD1 OR DD2) AND CD2 AND BD1 AND AD1)
OR ((ADQ OR AD3) AND BD2 AND CD1 AND DD1)
OR (AD2 AND BDI AND CD! AND DD2)}
AND (DXD ANB (NOT DXU))

Calculation of amount of shaving in Step 573:

H=YUAND YD

SVD3 = (NOT H) AND FDO AND AD1 AND BD1 AND CD2 AND DD2
AND YD

SVD4 = (NOT H) AND GDO AND DD1 AND CDL AND BD2 AND AD!
AND YD

SVD1 = {{BD1 AND CD2) OR (AD1 AND BD2 AND CD2 AND DD2)
OR (BDO AND CD2 AND DD3 AND (NOT H))}
AND (NOT (SVD3 OR SVD4)) AND YD

SVD2 = {(BD2 AND CD1) OR (AD2 AND BD2 AND CD2 AND DD1)
OR (AD3 AND BD2 AND CDO AND (NOT H)) AND
(NOT (SVD3 OR SVDM4)) AND YD

Calculation of output determination in Step 580:

When the calculation of all the amounts of correction has
been completed in Steps 532, 542, 562, 563, 572, and 573,
the following calculations are executed, the respective data
are combined, and the result is outputted to the pulse-width

This is te replacement sheet
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D13U=R03 AND (NOT R02) D14U=R02 AND (NOT R01) D15U=R64 AND (NOT R63)
D16U=R63 AND (NOT R62) D17U=R62 AND (NOT R61) Extraction calculation in
Step 561: To calculate a vertical risi ng edge, the foll owi ng window with
differential data YU at the focused t R33 set as a center is allotted
to the differential data obtained in '5‘3 p 560:

modulator 50.
SVLR=SVL AND SVR AND X

a signal for adding a % dot to the left of the black dot:
ADDL=SFTL0
a signal for adding a % dot to the right of the black dot:
ADDR=SFTR1
a signal for shaving the left end of the black dot by % dot:
SHL=SFTL1
OR {SVLRAND (NOT H) AND (SVU1 OR SYU20R
SVD1 OR SVD2))
OR {SVLRAND HAND (SVU1 OR SVD1OR SVU2
OR SYD2)}
OR {SVLR AND (SVU4 OR SVD4)}
a signal for shaving the right end of the black dot by %4
dot:

SHR = SFTRO
OR {SVLR AND (NOT H) AND (SVUL OR
SVU2 OR SVD1 OR SVD2)} OR {SVLR AND
(SVU3 OR SVD3)}

a sxgnal (00001111) for shaving the left end of the black

dot by ¥ dot:

SHL1=SVLR AND (SVU3 OR SVD3)

a signal (11110000) for shaving the right end of the black

dot by ¥4 dot:

SLR1=SVLR AND (SVU4 OR SVD4)

- a signal (11111110) for shaving the right end of the black
dot by ¥ dot:

SHR2=SVLR AND HAND (SVU1 OR SVD1 OR SVU2

OR SVD2)

a signal (00001100) for adding %4 dot toward the nght as

viewed from the center:

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

a signal (00001100} for adding % dot toward the left as

viewed from the center:

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

Since correction can be carried out by taking into con-
sideration 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 pattem as compared with the
embodiment described before, as shown in FIG. 47, thereby
making it possible to improve the print quality.

That is, if a comparison is made between FIGS. 44 and
FIG. 47, for instance, data 591 of a ¥%4-dot portion or data 592
of a ¥4-dot portion with an interval smaller than one dot is

This is the raplacernsnt sheet
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D 4U D2U Ds5U D8uU D11U D17U D13U DiU D4U YU DruU D10OU Dl6U Di12U
DOU D3U DXuU DeuU DOU Di5U Then, the follow ng cal cul ati ons are executed
to obtain AU, BU, CU DU FU GU. AUO=(NOT DOU) AND (NOT D1U) and (NOT D2U)
AU1=DOU AND (NOT D2U) AWU2=D1U AU3=D2U AND ( NOT DQU)

-42 -

newly added in a vacant portion abutting a curved line of a
region 590 in FIG. 47. As a result, slanted lines and curved
portions can be expressed as very small patterns as com-
pared with the original bit map data.

Although the dot patterns become smoother as the size of
the sampling window is enlarged, a size of 77 bits or
thereabouts becomes a limit in practical use owing to such
as the expansion of the laser beam and the attraction
characteristics of the photoconductor drum and toner. If a
sampling window of this size or thereabouts is used, pro-
cessing by means of software is possible, and it has been
confirmed that print quality which is visually indistinguish-
able from movable type can be obtained.

+ In the above-described embodiments, while being read
every one column by N lines, the bit map data stored in the
memory (image data storage unit 41) is digitally differenti-
ated in both horizontal and vertical directions to obtain the
horizontal and vertical contour data. According to this
method, the read access and the write access to the memory
occur in a one-to-one ratio for each dot to be printed.

On the other hand, by constituting the bxt-map-data gen-
erating circuit 29 in the manner as shown in FIG. 48, it
becomes sufficient to perform, for each data of M columnns
by one line, N read accesses and one write access (see FIG.
$2). This is to be contrasted to the case of FIG. 32 in which
M read accesses and M write accesses are needed for each
data of one column by M lines. That is, the number of
accesses can be reduced. This method is described below in
more detail.

- In FIG. 48, the bit pattern data in a serial signal format
outputted from the character generator 28 is shifted bit by bit
in the line direction by & shift register 40' constituted of
thp—ﬂops FF. When data of M columns by one line has been
stored in the flip-flops FF, it is transferred to an image data
storage unit 41' which is, for instance, a static random access
memory. Such storage of data is -effected by an address!
signal generator 42', which operates with reference to 2
horizontal sync signal from a detector for detecting a scan
starting point of the laser beam, and a read/write control unit
43

When data of a plurality of lines (five lines in tlnsj
embodiment) have been stored in the image data storage unit
41, the address signal generator 42' and the read/write

1 ks the a i e it alient
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BUO=( NOT DBU) AND (NOT D4U) AND (NOT DSU) BUL=D3U AND (NOT MsU) BU2=D4U
BU3=D5U AND (NOT D3U) CUO=(NOT D6U) AND (NOT D7U) AND (NOT D8U) CUl=D6U AND
(NOT D8U) CU2=D7U CU3=D8U AND (NOT D6U) DUO=(NOT D9U) AND (NOT D10U) AND
(NOT D 1U)

-43 -

control unit 43' read data of M columns by one line from the
image data storage unit 41’ in synchronism with the timing
of printing each dot, and sequentially provide the data thus
read to a shift register 44' of M columns by N lines. When
data of M columns and one line for the next dot (one bit) has
been stored in the flip-flops FF, it is transferred to the image
data storage unit 41' To extract the contour data, the data
stored in the shift register 44' is digitally differentiated in the
horizontal and vertical directions by a first edge detector 45
and a second edge detector 46, respectively, at the read/write
timing of the address signal generator 42' and the read/write
control unit 43

Specific examples of the respective units performing the
above-described operations are described below with refer-
ence to the timing charts of FIGS. 49 and 50.

FIG. 51 shows an example of the image data storage unit
41' for storing the serial data outputted from the buffer 23.

Flip-flops 670-675 constitute a horizontal shift register
683 for sequentially shifting the seral video signal
(VIDEQ), which is provided from the buffer 23 to an input
terminal 676, in the line direction (main scanning direction)
in accordance with a video clock (VCLK) provided to an
input terminal 68@. The output of the shift register 683 is
sent, via a tri-state circuit 677, to an image memory 678
constituted, for instance, of a static random access memory
and stored therein. A write enable terminal (WE) and an
output enable terminal (OE) of the memory 678 are con-
trolled by a read/write control circuit 643 constituted by a
counter, a flip-flop and an AND gate. An output signal of the
read/write control circuit 643 has 2 waveform RWX as
shown in FIG. 49. The address control of the memory 678
is performed by an address generating circuits 681 and 611.

The address generaﬁng circuit 681 is a counter for indi-
cating the dot position in the horizontal direction, which is
cleared every horizontal period by a signal outputted from a
control circuit 682 for synchronizing a2 horizontal sync
signal (HSYNC) 679 with the video clock VCLX (680), and
which increases its count upon reception of a signal pro-

- vided from the read/write control circuit 643. The outputs of
the address generating circuit 681 have respective values
ADO-AD9 shown in FIG. 50.

The address generating circuit 611 is a counter for count-
ing the line position in the vertical direction, which is
controlled by a signal provided from the control circuit 682,
the video clock VCLK (680) and a signal START (612)
indicating a start posmon of the printing. The outputs of the

Tris ig the rapkeoament shiest
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DU1=D9U AND (NOT D11U) - 38 - DU2=D10U DU3=D11U AND (NOT D9U) FUO=( NOT
D12U) AND (NOT D13U) AND (NOT D14U) PU1=D12U AND ( NOT D14U)

-44 -

address generating circuit 611 have respective values
AD10-AD12 shown in FIG. 50. More specifically, the
address generating circuit 611, which is cleared by the signal
START (612), repeats counting in the sequence of 0—>1->
2—3—4-0 for the first line of printing in accordance with
the video clock VCLXK (680). For the second line, counting
in the sequence of 1-2->3—4—0-1 is repeated. For the
third line, counting in the sequence of 2-3—34—0->1-2is
repeated. For the fourth line, counting in the sequence of
3-4—0-1-2->3 is repeated. For the fifth line, counting
in the sequence of 4-—-0-—->1-2-3-4 is repeated. For the
sixth line, counting in the sequence of 0—1—2-33-4-01is
again repeated. Thus, the above operation is repeatedly
performed.

With the above control operation, during five periods of
the video clock VCLK, the stored data of six columns by five

~ lines is outputted from output terminals 684-689, and during
one period of the video clock VCLK the data of six columns
by one line sent from the shift register 683 is stored.
. A further description will be given below with reference
to FIG. 52 showing a printing procedure.

Data of lines N to N-4 are stored in the memory 678. In
this state, six-column data 90' of line N is read out, in a
parallel signal format, in one period of the video clock
VCLK in synchronism therewith (at the timing of WRITE1
in FIG. 49). Six-column data 91' of line N+1 is read out in
the next period of the video clock VCLK (at the timing of
WRITE2). Data 92', 93' and 94" are read out in the similar
manner. During the course of the above operation, six-
column data 95 of line N+5 is transferred from the shift
register 683 to the memory 678 in one period of the video
clock VCLK (at the timing of WRITEL1 in FIG. 49). As a
result, the six-column data 90’ of line N disappears from the
memory 678. Subsequently, the operation of reading out
six-column data of lines N to N+4 and storing six-column
data of line N+5 is repeated.

FIG. 53 shows a specific example of the shift register 44'
that constitutes the sampling window. D-type flip-flops
1001, 1011, 1021, 1031 and 1041 are connected in parallel
to the output terminal 684 of the image memory 678 (see
FIG. 51). D-type flip-flops 1002, 1012, 1022, 1032 and 1042
having a selector at their data input terminal are connected
in parallel to the output terminal 685 of the memory 678.
D-type flip-flops 1003, 1013, 1023, 1033 and 1043 having a
selector at their data input terminal are connected in parallel
to the output terminal 686 of the memory 678. D-type

: This is the replacemant sheet
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FU2=D13U FU3=D14U AND ( NOT D12U) GUO=( NOT D15U) AND ( NOT D16U) AND ( NOT
D17U) GU1=D15U AND (NOT D17U) GU2=D16l U GU3=D17U AND (NOT D15U) Cal cul ati on
of amount of addition in Step 562: The follow ng | ogical calculations are
execut ed: ADD2U = {(AU2 AND BU1 AND CUl AND DUl AND FU2)

-45 -

flip-flops 1004, 1014, 1024, 1034 and 1044 having a selector
at their data input tcrminal are connected in parallel to the
output terminal 687 of the memory 678. D-type flip-flops
1005, 1015, 1025, 1035 and 1045 having a selector at thei
data input terminal are connected in parallel to the output
terminal 688 of the memory 678. D-type flip-flops 1006,
1016, 1026, 1036 and 1046 having a selector at their data
input terminal are connected in parallel to the output termi-
nal 689 of the memory 678. A shift clock (SHIFT CLK) is
provided to the respective D-type flip-flops. The shift clock
is selectively connected to the D-type flip-flops 1001, 1011,
1021, 1031 and 1041, as explained below.

The six-column data of line N outputted from the image
memory 678 are simultaneously stored in the flip-flops
1001-1006. The six-column data of line N+1 outputted from
the memory 678 at the next cycle of the video clock VCLK
are simultaneously stored into the flip-flops 1011-1016. At
this time point, the six-column data of line N are shifted to
the flip-flops 1002-1007. Then, the six-column data of line
N-+2 outputted from the memory 678 at the next cycle of the
video clock VCLK are simultaneously stored in the flip-
flops 1021-1026. At this time point, the six-column column
data of line N are shifted to the flip-flops 1003-1008 and the
six-column data of line N+1 are shifted to the flip-flops
1012-1017. Similarly, when the six-line data of lines N+3
and N44 are stored in the flip-flops, the data of line N have
been shifted to the flip-flops 1005-1010, the data of line N+1
to the flip-flops 1014-1019, the data of line N+2 to the
flip-flops 1023-1028, the data of line N+3 to the flip-flops
1032-1037, and the data of line N+4 to the flip-flops
1041-1046. Further, at the next cycle of the video clock
VCLK, the data of line N are shifted to the flip-flops
1006-1010 and 700, the data of line N+1 are shifted to the
flip-fiops 1015-1019 and 704, and the data of line N+2 are
shifted to the flip-flops 1024-1028 and 709, the data of line
N-+3 are shifted to the flip-flops 1033-1037 and 713, and the
data of line N+4 are shifted to the flip-flops 1042-1046 and
718.

That is, the data of one column by five lines are stored in
the flip-fiops 700, 704,709, 713 and 718. Video data stored
in the shift register 683 at this timing are transfermed to the
image memory 678. Further, six-column data of line N are
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AUO OR AU3) AND BUL AND CU2) OR ((AUL OR AU2) AND BU2 AND CUL AND DU1)
DUO OR DU3) AND AUL AND BUL AND CU2)} AND (DXU AND (NOT DXD)) ADD3U = |
AND BUL AND CUL AND DU2 AND GU2) OR (BU2 AND CUL AND (DUO OR DU3)) OR i
OR DU2) AND CU2 AND BUL AND AU1) OR (AUO OR AU3) AND BU2 AND CUL1 AND
OR (AU2 AND BUL AND CUL AND DU2)
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-,
simultaneously stored into the flip-flops 1001-1006 at the
next cycle of the video clock VCLK. At this time point, the
data of one column by five lines are shifted to the flip-flops
701, 705, 710, 714 and 719. .
The repetition of the above operation causes the shift of
the data of one column by five lines on the flip-flops.
With the above constitution, the flip-flops 701-703,
705-707, 710-712, 714-716 and 719721 constitute 2 win-
dow for the edge detection in the vertical direction enclosed
by a dashed-line block 721 in FIG. 53. On the other hand,
the flip-flops 704-717 constitute a window for the edge
detection in the horizontal direction enclosed by a dashed-
line block 723. The flip-flop 711 located at the center of the
two blocks 722 and 723 stores the data under attention.
Although the flip-flops 700 and 718 do not contribute to the
edge detection, they are necessary to take timing of the data
shifting.
With the above constitution and operation, the data of the
flip-flop 711 is updated bit by bit every time one-bit data is
outputted from the buffer 23 to store data on the line that is,
subject to the printing. .
Although the above description relates to the case where
the serial bit pattern data is outputted from the character
generator 28, the data outputted from the character generator -
28 may be parallel bit pattern data. In the latter case, the shift
register 40’ constituted by the flip-flops FF and serving to
shift the data in the line direction should be connected in
paraliel to the parallel data.
What is claimed is: .
1. A method for generating bit map image data, compris-
ing 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 borizontal and vertical directions while
reading each portion of one column by N lines or M
columns by one line, wherein said differentiating is
accomplished by determining whether there exists a
change in value between data in a first location and data
in a vertically or horizontally adjacent location;

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

converting the dot data subject to printing to a dot of a

predetermined size and outputting the dot of the pre-
determined size as print data on the basis of a result of
determination. This is thse resiacemsnt sheet
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AND (DXU AND (NOT DXD)) Cal cul aton of anount of shaving in.Step.563:. To.-

cal cul ate an anount of a rising edge to be shaved,

cal cul ations are executed: H = YU AND YD SVU3 = (NOT H)Thig
BUL AND CU2 AND DU2 AND YU SVW4 = (NOT H) AND GU0O AND DUl

AND AU2 AND YU
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"simultancously stored into the flip-flops 1001-1006 at the

next cycle of the video clock VCLK. At this time point, the
data of one column by five lines are shifted to the flip-flops
701, 705, 710, 714 and 719.

The repetition of the above operation causes the shift of
the data of one column by five lines on the flip-flops.

With the above constitution, the flip-flops 701-703,
705-707, 710-712, 714-716 and 719-721 constitute a win-
dow for the edge detection in the vertical direction enclosed
by a dashed-line block 721 in FIG. §3. On the other hand,
the flip-flops 704-717 constitute 2 window for the edge
detection in the horizontal direction enclosed by a dashed-
line block 723, The flip-flop 711 located at the center of the
two blocks 722 and 723 stores the data under attention.
Although the flip-flops 700 and 718 do not contribute to the
edge detection, they are necessary to take timing of the data
shifting.

With the above constitution and operation, the data of the
flip-flop 711 is updated bit by bit every time one-bit data is

outputted from the buffer 23 to store data on the line that is,

subject to the printing.

Although the above description relates to the case where

the serial bit pattern data is outputted from the character

generator 28, the data outputted from the character generator -

28 may be parallel bit pattern data. In the latter case, the shift
register 40 constituted by the flip-flops FF and serving to
shift the data in the line direction should be connected in
parallel to the pa:a.llel data,

What is claimed is:

1. A method for generating bit map mage data, compris-
ing the steps of

convemng 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 borizontal and vertical directions while
reading each portion of one column by N lines or M
columns by one line, wherein said differentiating is
accomplished by determining whether there exists a
change in value between data in a first location and data
in a vertically or horizontally adjacent location;

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

converting the dot data subject to printing to a dot of a
predetermined size and outputting the dot of the pre-
determined size as pnnt data on the basis of a result of

the follow ng | ogi cal

determination. Trae is e raplacement sheet
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SVUL = {(BU AND CU2) OR (AUL AND BU2 AND CU2 AM DL2) OR (BUO-AM-CL2 AND
DU AM (NOT H))} AND (NOT (SVU3 CR SVU4)) AND YU SW2 = [(BU2 AND CUT) CR
(AU2 AND B2 AND CUZ AND DUL) OR (AU3 AND BUZ AND Pl (NOT
(SVU3 OR SVU4)) AND YU Cal cul ation of a vertical ri siH ]l Hp 570:
YD=RS3 A\D (NOT R4) DXD=Rs2 AND (NOT R33)

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

storing in an image memory a portion of a plurality of

lines of bit map data of a serial signal format outputted
from a character generator;

sequentially extracting a portion of one column by N lines

or M columns by one line of data from said image
memory each time a one-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, wherein said differenti-
ating is accomplished by determining whether there
exists a change in value between data in a first location
and data in an adjacént location in a line or column,
respectively;
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 the 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
predetermined on the basis of data from said steps of
classifying; and
pulse-width modulation a laser beam for effecting printing
in response to said correction dot data.

3. An apparatus for modulating a laser beam with

enhanced bit-map image data, comprising: ’

an image memory for storing a portion of a plurality of
lines of bit map data of a serial signal format outputted
from a character generator;

memory control means for sequentially extracting a por-
tion of one column by N lines or M columns by one line
of data from a character generator;

memory control means for sequentially extracting a por-

tion of one column by N lines or M columns by one line
of data from said image memory each time a one-bit

This is the replacement sheet
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DOD=R14 AND (NOT R15) D1D=R13 AND (NOT R14) -39 - D2D=R12 AND (NOT R13)
D3D=R24 AND (NOT R25) D4D=R23 AND (NOT R24)

-48 -

signal is outputted from said character generator;

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

second edge detecting means for digitally differentiating
the data stored in said sampling means in a column
direction, wherein said differentiating is accomplished
by determining whether there exists a change in value
between data in a first location and data in an adjacent
Iocation in a line or column direction, respectively;

first classifying means for classifying the relationship of
connection between a point subject to printing and
vertical dots including said pdint on the basis of edge
data from said first edge detecting means;
second classifying means 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;
determining means for outputting correction dot data
whose size of a dot to be printed and position within the
size of a normal dot have been determined on the basis
of the data from said first and second classifying
means; and
pulse-width modulating means for modulating laser beam
for effecting printing in response to said correction
data.
4. The apparatus for generating laser beam bit-map image
~data according to claim 3, wherein said sampling means
comprises M by N shift registers arranged in a matrix form,
5. The apparatus for generating laser beam bit-map image
data according to claim 3, wherein said classifying means
has a dictionary structure.
6. The apparatus for generating laser beam bit-map image
data according to claim 3, wherein said determining means
comprises a gate array circuit.
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D5D=R22 AND (NOT R23) D6D=R44 AND (NOT R45) D7D=R43 AND (NOT R44) D8D=R42
AND (NOT R43) DID=R54 AND (NOT R55) D10D-R53 AND (NOT R54) D11D=R52 AND
(NOT R53) D12D=R04 AND (NOT R05) D13D=R03 AND (NOT R04)

FIG 1
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D14D=R02 AND (NOT R03) D15D=R64 AND (NOT R65) D16D=R63 AND ( NOT R64)
D17D=R62 AND (NOT R63) Extraction calculation in Step 571: Anobng the
differential data obtained in Step 570, the follow ng wi ndow is forned
using a differential value YD at the focused point R33 as a center so as to

extract data on a vertical falling edge:
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D14D D2D D5D DXD D8D DiD D17D D13D DiD D4D YD D7D D10D D16D D12D
DOD D3D 'D6D DOD D15D On the basis of the differential data thus
extracted, the follow ng |ogical calculations are executed: ADO=(NOT DOD)
AND (NOT D1) AND (NOT D2D) AD3=DOD AND (NOT D2D) AD2=D1 AD1=D2D AND ( NOT
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BDO=( NOT D3D) AND (NOT D4D) AND (NOT D5D) BD3=D3D AND (NOT D5D) BD2=D4D
BD1=D5D AND (NOT D3D) CDO=(NOT D6D) AND (NOT DVD) AND (NOT DSD) CD3=D6D AND
(NOT D8D) CD2=D7D CD1=DSD AND ( NOT D6D)

-4-
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40 - DDO=(NOT D9D) AND (NOT D10D) AND (NOT D11D) DD3=D9D AND ( NOT D11D)
DD2=D10D DD1=D11D AND (NOT DOD) FDO=(NOT D12D) AND (NOT D13D) AND ( NOT
D14D) FD3=D12D AND ( NOT D14D)
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FD2=D13D FD1=D14D AND (NOT D12D) GDO=(NOT D1SD) AND (NOT D16D) AND ( NOT
D17D) GD3=D15D AND (NOT D17D) GD2=D16D GD1=D17D AND (NOT D15D) Cal cul ati on
of armount of addition in Step 572: ADD2D = ((AD2 AND BD1 AND CD1 AND DD1

AND FD2)
-6-
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ADO OR AD3) AND BD1 AND CD2) OR ((ADL OR AD2) AND BD2 AND CDt AND DD1)
DDO OR DD3) AND ADL AND BD1 AND CD2)} AND (DXD AND (NOT DXU)) ADD3D =

R (
OR (
AND CD1 AND DD2 AND GD2) OR ((BD2 AND CD1 AND (DDO OR DD3))

(
(
1

{ (AD1 AND BDI
OR ((DD1L OR DD2) AND CD2 AND BD1 AND AD1) OR ((ADO OR AD3) AND BD2 AND CD1
AND DD1) . '
-7
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OR (AD2 AND BD1 AND CD1 AND DD2)} AND (DXD AND (NOT DXU)) Cal cul ati on of
anount of shaving in Step 573: H =YU AND YD SVD3 = (NOT H) AND FDO AND ADl
AND BDt AND CD2 AND DD2 AND YD SVD4 = (NOT H) AND GDO AND DD1 AND CDL AND
BD2 AND ADT AND YD SVD1 = ((BD1 AND CD2) OR (AD1 AND BD2 AND CD2 AND DD2)

FIG 1L
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and 573,

t he anpbunts of
562, 563, 572,

542,
,~ the respective data

4

OR (BDO AND CD2 AND DD3 AND (NOT H))) AND (NOT (SVD3 OR SVD4)) AND YD SVD2
= {(BD2 AND CD1) OR (AD2 AND BD2 AND CD2 AND DD1) OR (AD3 AND BD2 AND CDO
AND (NOT H)) AND (NOT (SVD3 OR SVD4)) AND YD Cal cul ation of output

determ nation in Step 580: Wen the cal cul ation of al

correction has been conpleted in Steps 532,

the followi ng cal cul ati ons are execute
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are conbi ned, and the result
nodul at or 50. SVLR=SVL AND SVR AND X a si gnal
left of the bl ack dot:

FlG. 16

I's outputted to the pul se-wi dth -
for adding a [err]
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a signal
si gnal

for adding a [err]
for shaving the left end of the black dot by [err]

dot to the right of the black dot:

dot :

ADDR=SFTR1 a
SHL=SFTL1 OR

{SVLR AND (NOT H) AND (SVUL OR SVU2 OR SVDL OR SVD2)) OR { SVLR AND HAND
(SVUL OR SVDL OR SVU2 OR SVD2)} OR {SVLR AND (SVU4 OR SVD4)}

FIG. 17
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a signal for shaving the right end of the black dot by [err] dot SHR=SFTRO
OR {SVLR AND (NOT H) AND (SVUL OR SVU2 OR SVD1 OR SVD2)} OR (SVLR AND (SVU3
OR SVD3)1 a signal (00001111) for shaving the left end of the black dot by
[err] dot: SHL1=SVLR AND (SVU3 OR SVD3).

-12 -
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a signal

SLR1=SVLR AND (SVW/ OR SVDM4) a signal

of the black dot by [err]

SvD2) a signal
fromthe center:

FIG. 19

dot :

-13 -

(11110000) for shaving the right end of the black dot by [err]
(11111110) for shaving the fight end
SHR =SVLRAND HAND (SVUl1 OR SVD1 OR SVU2 OR
(00001100) for adding [err]

dot

dot toward the right as viewed
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ADD2=( NOT X) AND ( ADD2U OR ADD2D) a signal (00001100) for adding [err] dot
toward the left as viewed fromthe center. ADD3=(NOT X) AND (ADD3U OR

ADD3D) Since correction can be carried out by taking i AtigS Has; BefwrReplao

the formof a linkage with a dot |ocated at a position leﬂ part
fromthe focused point by expanding the frame of the sa

possible to generate a sm)ot her dot patl4sn as conpared with

FIG. 20
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enbodi ment described before, as shown in FIG 47, tTﬂé“r
possible to inprove the print quality. That is, |f a
between FIGS. 44 and FIG 47, for instance, data 591 portlon

or data 592 of a [er ]dot portion with an interval srralle than one dot is

- 42 -
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newy added in a vacant portion abutting a curved line_of a region 590 in
FIG 47. As a result, slanted lines and curved portions can bé expressed- as

very snal| patterns as com pared with the original bThis St Had Ge n/_‘ﬂe pouogh
the dot patterns becone snoother as the size of the sa ce
enl arged, a size of 7X7 bits or thereabouts becones a |i l,mm {’ al
use owi ng to such as the exparsi on of -tMe-| aser beam and n

characteristics of the phot oconﬁﬁ d?§and toner. If a
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sanpling wi ndow of this size or thereabouts is used, pro- cessing by neans
of software is possible, and it has been confirnmed that print quality which
is visually indistinguish- able fromnovable type can be obtained. In the
above-descri bed enbodi nents, while being read every one columm by N |ines,
the bit map data stored in the nmenory ([f§@mge data storage unit 41) is
digitally diferenti- ated in both horizontal and vertical directions to
obtain the horizontal and vertical contour data. According to this-
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met hod, the read access and the wite access to the nmenory occur in a
one-to-one ratio for each dot to be printed. On the other hand, by
constituting the bit-nmap-data gen- erating circuit 29 in the manner as
shown in FIG 48, it becones sufficient to perform for each data of M
colums by one line, N ead accesses and one wite access (see FIG 52).
This is to be contrasted to the case ofl881G 32 in which Mread accesses
and Mwite acc re needed for each data of one columm by MIines.
That is, the n
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accesses can be reduced. This nethod is described bel owin nore detai
the bit pattern data in a seria
character generator 28 is shifted bit by bit
regi ster

FIG 48,
shift

4

0'

constituted of flip-flops FF. Wh

si gnal
in

one line has been stored in the flip-flggs. FF, i
I mge data storage unit 41
menory. Such storage of data is ef f ect ed by an address

FIG. 33

which is,

for
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signal generator 42'. which operates with reference to a horizontal sync
signal froma detector for detecting a scan starting point of the |aser
beam and a read/wite control unit 43". \Wen data of a plurality of lines
(five lines in this enbodi nent) have been stored in the i mage data storage
unit 41', the address si gnal generator 42 and the read/wite

F/G 34
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- 43 - control unit 43 read data of Mcolums by one line fromthe inmage
data storage unit 41' in synchronismwth the timng of printing each dot,
and sequentially provide the data thus read to a shift register 44" of M
colums by N |lines. Wien data of M columms and one line for the next dot
(one bit) has been stored in the flip-flops FF, it is transferred to the

i mmge data storage unit 41' To extraeflt-he contour data, the data

FIG. 35
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stored in the shift register 44" |
hori zontal and vertical directions
edge detector 46, respectively, at
signal generator 42' and the read/
of the respective units performng
descri bed below with refer- ence t

FIG 51 shows an exanpl e of the% dat_?ét orage unit

s digitally differentiated in the
by a first edge detector 45 and a second
the read/wite timng of the address

wite control unit 43'. Specific exanples
t he above-described operations are

o th&2timng charts of FIGS. 49 and 50
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41"
670-675 constitute a

shifting the serial video signal (VIDEO,
23 to an input term nal 676,

for storing the serial data outputted fromthe buffer 23. Flip-flops

hori zontal shift register 683 for sequentially
which is provided fromthe buffer
in the line direction (main scanning

direction) in accordance with a video clock (VCLK) provided to an i nput

term nal 680. The output of the shift-23egister 683 is sent,
to an i mage nenory 678

circuit 677,
random access menory

—
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and stored therein. Awite enable termnal (WE) and an out put enable
termnal (CE) of the nenory 678 are con- trolled by a read/wite control
circuit 643 constituted by a counter, a flip-flop and an AND gate. An

out put signal of the read/wite gontrol circuit 643 has a waveform R as
shown in FLG 49. The address control of-24%€e nenory 678 is perforned by an
address generating circuits 681 and 611. The address generating circuit 681
is a counter for indi- cating the dot position in the horizontal direction,

which is

FIG. 38
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cleared every hori zont al
circuit 682 for synchronizing a horizontal
vi deo cl ock VCLK (680),

si gnal

pro- vided fromthe read/wite control

period by a signal

outputted froma control

sync si gnal

(HSYNC) 679 with the

and which increases its count upon reception of a

circuit 643. The outputs of

the address generating circuit 681 have respective val ues ADO- AD9 shown in
FIG 50. The address generating circuit2%11 is a counter for count- ing the

line position in the vertical

220

320

di recti on,

which is

FIG. 39
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the printing. The outputs of the
have respective val ues AD10- AD12 shown in FIG 50. Mre specifically,

- 26 -

FIG. 40

controlled by a signal provided fromthe control circuit 682,

clock VCLK (680) and a signal START (612) indicating a start position of
- 44 - address generating circuit 611
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address generating circuit 611, which is cleared by the signal START (612),
repeats counting in the sequence of 0->1-> 2->3->4->0 for the first |ine of
printing in accordance with the video clock VCLK (680). For the second
line, counting in the sequence of 1->2->3->4->0->1 is repeated. For the
third line, counting in the sequence of -2->3->4->0->1->2 is repeated. For
the fourth line, counting in the sequeﬁﬁb-of 3->4->0->1->2->3 i s repeated.
For the fifth line, counting in the sequence of 4->0->1->2->3->4 is

repeated. For the

FIG. 41
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sixth line, counting in the sequence of 0->1->2->3->4->0 is again repeated.
Thus, the above operation is repeatedly perfornmed. Wth the above control
operation, during five periods of the video clock VCLK, the stored data of
six colums by five lines is outputted fromoutput terninals 684-689, and
during one period of the video clock VCLK the data of six 'colunmms by one
line sent fromthe shift register 683 -iZ¥ stored. A further description wll
be given below with reference

FIG. 42
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to FIG 52 showng a printing Procedure.
In the nenory 678.

out, in a parallel signal format,

Data of lines Nto N+4 are stored
In this state, six-colum data 90

of line Nis read

in one period of the video clock VCLK in

synchronismtherewith (at the timng of WRITEl in FIG 49). Six-colum data
91' of line N#1l is read out in.the next_period of the video clock VCLK (at

93" and%74' are read out in the simlar
During the course of the above operation, six-

the timng of WRITE).

manner .

Data 92',

FIG. 43
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colum data 95 of line N#5 is transferred fromthe shift register 683 to
the nmenory 678 in one period of the video clock VCLK (at the timng of
WRITENL in FIG 49). As a result, the six-colum data 90' of |line N

di sappears fromthe nmenory 678. Subsequently, the operation of reading out
si x-colum data of lines Nto N4 and storing six-colum data of |ine N+5
is repeated. FIG 53 shows a specific-3kanple of the shift register 44

that constitutes the sarrplingFJ-}G. Dazflip-flops

This is the replacemaint sheet
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1001, 1011, 1021, 1031 and 1041 are connected in parallel to the output
termnal 684 of the imge nenory 678 (see FIG 51). D-type flip-flops

1002, 1012, 1022, 1032 and 1042 having a selector at their data input term nal
are connected-in parallel to the output term nal 685 of the nenory 678.
D-type flip-flops 1003, 1013, 1023, 1033 and 1043 having a selector at their
data input terminal are connected in palallel to the output ternminal 686 of

the nenory 678. D-type

FIG. 45
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- 45 - flip-flops 1004, 1014, 1024, 1034 and 1044 having a sel ector at
their data input termnal are connected in parallel to the output term nal
687 of t-he nmenory 678. D-type flip-flops 1005, 1015, 1025, 1035 and 1045
having a selector at their data input termnal are connected in parallel to
the output termnal 688 of the nenory 688.- D-type flip-flops 1006,
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1016, 1026, 1036 and 1046 having a selector at their data input term nal
are connected in parallel to the output term- nal 689 of the nenory 678. A
shift clock (SHHFT CLK) is provided to the respective D-type flip-flops.
The shift clock is selectively connected to the D-type flip-flops 1001,
1011, 1021, 1031 and 1041, as .expl ained bel ow. The six-colum data of |ine
N outputted fromthe i mage nemory 678 -a&3e si nul t aneously stored in the

flip-flops 1001-1006. The si XFI/G' datz.o7l ine N+1 outputted from

IN_T «&;/
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591/ 592 | 592
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the nenory 678 at the next cycle of the video clock VCLK are sinultaneously
stored into the flip-flops 1011-1016. At this tinme point, the six-colum
data of line N are shifted to the flip-flops 1002-1007. Then, the

si x-colum data of line N+2 outputted fromthe nenory 678 at the next cycle
of the video clock VCLK are simultaneously stored in the flip- flops
1021-1026. At this time point, the si-¥34col um colum data of line N are

shifted to the flip-flops 1003-1008 and the six-colum data of line N+1 are
shifted to the flip-flops

o
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1012-1017. Simlarly, when the six-line data of lines N+3 and N+4 are
stored in the flip-flops, the data of line N have been shifted to the
flip-flops 1005-1010, the data of line N1 to the flip-flops 1014-1019, the
data of line N#2 to the flip-flops 1023-1028, the data of line N+3 to the
flip-fops 1032-1037, and.the data of line N+4 to-the flip-flops 1041-1046.
Further, at the next cycle of the vide35el ock VCLK, the data of line N are
shifted to the flip-flops 1006-1010 and 700, the data of line N+1 are

shifted to the

FIG. 49
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flip-fops 1015-1019 and 704, and the data of line N+2 are shifted to the
flip-flops 1024-1028 and 709, the data of line N+3 are shifted to the
flip-flops 1033-1037 and 713, and the data of line N+4 are shifted to the
flip-fops 1042-1046 and 718. That is, the data of one colum by five |ines
are stored in the flip-flops 700, 704,709, 713 and 718. Video data stored
in the shift register 683 at this tinm-@®-are transferred to the i mage

menmory 678. Further, six-columm data of 4lijng re
. G Iy
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REPLACEMENT SHEET - 46 - sinultaneously stored into the flip-flops
1001- 1006 at the next cycle of the video clock VCLK. At this tinme point.
the data of one colum by five lines are shifted to the flip-flops 701,
705, 710, 714 and 719. -
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The repetition of the above operation causes the shift of the data of one
t he

colum by five lines on the flip-flops.

Wth the above constitution,

flip-flops 701-703, 705-707, 710-712, 714-716 and 719-721 constitute a w n-

dow for the edge detection in the verti cal
dashed-line block 721 in FIG 53. On the other hand,
constitute a wi ndow for the edge detect38on in the horizontal

direction enclosed by a

the flip-flops 704-717
di rection

encl osed by a dashed- |ine black 723. The flip-flop 711 |ocated at the

center of the
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.they are

Al t hough the

attention.
flip-flops 700 and 718 do:not contribute to tthe edge detecti on,

two bl ocks 722 and 723 stores the data under

necessary to take timng of the data shifting. Wth the above constitution

and operati on,

ti me one-
t hat

the data of the flip-flop 711 .is updated bit by bit every

bit data is outputted fromthe buffer 23 to store data on the |ine

subject to the printing. AFB8cough the above description relates to

i S.
t he case where

EYL]
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the sertal blt\_pattern data.is_out putted fromthe char act er genefiagbnr72®5
t he dat‘g out put-ted- fremtheﬂ’char acter generator 28 nmay be parallel bit
pattern dat a: S the Iéﬁk@’ case, the shift regi ster 40" constituted by the
flip- flgps FFes L . =Shisft :the data in the Iine direction should be
connegct! a..-:_,-'h par-al I el flat a.

Sy real e s L]
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METHOD AND APPARATUS FOR
GENERATING BIT MAP IMAGE DATA

BACKGROUND OF THE INVENTION

The present invention relates to-a method and apparams
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. -

A laser printer is capable of printing characters and
images with very high resolution by increasing the modu-
lation 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 pattem. In order to output char-
acter 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 corre-
sponding 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 the
first-in first-ont memory, and the sampled bit map pattem is
compared with pattern data for comparison, such as a
multiplicity of templates or matching bit map data prepared
in advance. If the sampled bit map pattern matches the
pattern data for comparison, the sampled bit map pattem is
replaced with a correction dot pattern allotted to the pattern
data for companson, and this correction dot pattem is
outputted as print data,

According to this technique, since the bit map pattern data
outputted from a character generator can be corrected as
necessary, it is possible to print a character pattemn having a
smooth contour without increasing the storage capacity of
the character data storage means.
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47 What is clained is:
eonpris- ing the steps of:

. device into bit nap data and storing a portion of a pl uraltbg
hori zontal contour data and vertical contour data by di BEP G

differentiating
directions while

‘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
inciudes 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
AND gates 270-276, and the signals from the shift register
are inputted to the other input terminals of the AND gates
270-278 via the inverters 260-268.

Since the directly inputted signal is a signal one line
carlier than the signal inputted via the inverter 260, in a case
where the signal of a time-wise preceding line is “1”, and the
signal of a succeeding line is “0”, the signal “1” is inputted
to the terminal 137 and is outputted directly to the AND gate
270, while the signal “0” inputted to a terminal 142 is
converted to the signal “1” by the inverter 260 and is
outpurted to the AND gate 270. As a result, the signal “I” is
outputred from the AND gate 270, sotha:ansmgsxgnal “1"
is outputted from an output terminal 280.

FIGS. 38 and 39 illustrate an example of the classzfymg
circuit 47 for determining the kinds of the stepped portions
of Iines respectively extending vertically. FIG. 33 shows a
circuit for classifying the rising stepped portions, while FIG.
@smwsamfmchsuiymgthefanmgmppedpor-
tions.

Thecucmtforchmfymgnsmgpomons shown a FIG.
38, has input tecminals 180186 (which are identified by the
smerefcrmcenumaalsasthoseoftheoutpu:mmals
180 186 of the horizontal rising-portion edge detecting

. urcunshowanIG.%soaswcunespondmﬁmsamc)

This circuit, which includes inverters 290, 291, AND gates
293-301, OR gates 303, 304, NOR gates 305, 306, 308,
:Eectsthefoﬂomgdcmmnanonsonﬂ:cbaszsofdaaon
& rising portion obtained by horizontally cﬁﬁerannanng the
original pattern-

1. A nmethod for generating bit map i nage data
converting coded data outputted fom an external

of obt ai ni ng
BMENT SHEET

the bit map data in saRi <renory in horizontal and verti cal

THEN AMOUNT OF CORRECTION=0

FX=0 -

IF DO=0 AND D1=0 AND D2=0 THEN AMOUNT OF CORRECTION=0
IF D=0 AND D9=0 AND D10=0 THEN AMOUNT OF CORRECTION=0
IF D=0l AND D2=1 THEN AMOUNT OF CORRECTION=0
IF D8=1 AND D10=}| THEN AMOUNT OF CORRECTION=0

Thus, those pattemns which do not require correchon are
selected on the basis of the relationship between a focused
point and the differentiated dara surrounding the same, and
a carry signal is outputted 10 an output terminal 310.

Then, the pattemns are classified through the following
fogical caiculations:

This is the replacemsm sheet

Date: ¢ O FEB 1999



readi ng each portion of one colum by N lines or Mcolums by one |ine
Wwherein said differentiating is acconplished by determ ni ng whether there
exi sts a change in value between data in a first l-ocation and data in_a
vertically or horizontally adjacent |ocafion; deterni niREPLAGEMENSSHEET

rel ati onshi p between dot data sub- ject o printing and dot data not
subject to printing on the basis of the contour data: and converting the
dot data subject to prertttag-—to—a—cot—ct—z

IF Di=1 THEN A2
IF DO=1 THEN Al
IF D2=] THEN A3
IF D=l : THEN B2
IF D8=l THEN Bl
IF D10=} THEN B3

The carry signal is cutputted to the following terminals in
the respective cases as a result of the classification:
to an output terminal 312 (V Al Risc) in the case of Al,
10 an output terminal 313 (V A2 Rise) in the case of A2,
to an output terminal-314 (V A3 Risc) in the case of A3,
to an output terminal 315 (V B1 Rise) in the case of B1,
to an output terminal 316 (V B2 Rise) in the case of B2,
and
to an cutput terminal 317 (V B3 Rise) in the case of B3.
Tt should be noted the arrangement of the differentiated
data is defined as follows:

Do |Dl D2
X
D8 | D9 |D10

In addition, the circuit for classifying falling portions,
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 falling-portion edge detect-

. ing circuit shown in FIG. 35 so as to comespond to the
same). This circuit, which includes inverters 320, 321, AND
gates 322-330, OR gates 331, 332, and NOR gates 333,334,
335, executes classification based on logical calculations
similar to those of the circuit shown in FIG. 38.

The following determinations are made on the basis of
data on a falling portion obtained by horizontally differen-

- tiating the original pattern:
IF X=0 THEN AMOUNT OF CORRECTION=0
-IF DO=0 AND Di=0 AND D2=0 THEN AMOUNT OF CORRECTION=0
IF D8=0 AND D9=0 AND D10=0 THEN AMOUNT OF CORRECTION=0
I§ DO=1 AND D2=1 ' THEN AMOUNT OF CORRECTION=0
IF D8=1 AND D10=! THEN AMOUNT OF CORRECTION=0

Thus, those patterns which do not require comrection are
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.
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predeterm ned size and outputting the dot of the pre- determ ned size as

print data an the basis of a result of determ nation.

2. A nethod for

nodul ating a l-aser beam for effecting printing with enhanced bit-map i mage

dat a,

conprising the steps of: storing in_% | mage MenDRYpAARNIENPSH
plurality of lines of bit map data of a serial signal
a character generator;

Then, the patterns are classified through the following
logical calculations:

IF Di=l THEN Q2
IF DO=1 THEN Cl
IFD2=1 TEEN C3
F DS=1 THEN D2
IF D8=1 THEN D1
IF D10w=] THEN D3

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

to an output terminal 342 (V C1 Fall) in the case of Cl,

t0 an output texminal 343 (V C2 Fall) in the case of C2,

to0 an output terminal 344 (V C3 Fall) in the case of C3,

to an output terminal 345 (V D1 Fall) in the case of D1,

t0 an cutput terminal 346 (V D2 Fall) in the case of D2,

and

to an output terminal 347 (V D3 Fall) in the case of D3,

It should be noted the arrangement of the differentiated
data is defined as follows:

DO | D1 | D2

ps| |pio

~ FIGS. 40 and 41 illustrats an example of the classifying
circuit 48 for classifying the kinds of stepped portions of
lines respectively extending harizontally into 2 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 comprchensively classifies the
stepped portions of rising and falling portions in cases where
a vacant portion is present at the focused point.

The classifying circuit shown in FIG. 40 is connected to
the output terminals shown in FIGS. 36 to 39. Input termi-
nals 250-252, 254, 256-258 of this circuit are identified

with the same rererence numerals as those oI e output
terminals 250-252, 256-258 of the vertical rising-portion
edge detecting circuit shown in FIG. 36, those of the cutput
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 tising edge detecting
circuit and the falling edge detecting circuit of FIGS. 38 and
39 as viewed horizontally so as to correspond to the same,
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sequentially extracting a portion of one columm by N lines or M colums by
one |li-he of data fromsaid i nage nenory each tine a one-bit signal is

out putted fromsaid character generator; storing in sanpling neans data
extracted fromsaid i rage nenory while i&ifting the data by each portion of
M colums by N lines; digitally differertiating the dat aRERIACEMENT S$RET
sanpling neans in a line direction;

This circuit includes AND gates 350 368, OR gates
370-377, NOR gate 378, and inverters 390-392.

A determination is made by means of the AND gates
365-368 as to whether or not the dot rise signal (FIG. 38) or
the dot fall signal (FIG. 39) has been inputted to the input
terminals 311, 341. If the input signal does not represent a
rising edge portion or a falling edge portion, the output of the
result of classification is suspended.

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

lowing logical caiculations:

IF D5=1 AND D3=1 THEN E4
ELSE IF DS=1 THEN B3
ELSE IF Dd=1 . THENE2
ELSE IF D3=] THEN El
IF Déal AND D6=l THEN K4
ELSE [F D8={ THEN F3
ELSE IF D7=1 THEN P2
ELSE IF D&=l THEN Fl
ELSE R

On the other hand, iftheihpmsignalreprescmsa.faning
edge portion, 2 classification is executed by conducting the

following logical calculations:

IF DS=1 AND D3=1 THEN E4
ELSE IF D3=1 THEN E3
ELSE IF D4=1 THEN E2
ELSE IF D5=1 THEN El
ELSE E0

IF D8=1 AND Dé=1 THEN R4
ELSE IF Dé=1 THEN F3
ELSE IF D7=l THEN F2
ELSE IF D8xl - THEN F1
ELSE FO

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

to an output terminal 403 (Shave EI) in the case of Hl,

to an output terminal 402 (Shave E2) in the case of E2,

to an output terminal 401 (Shave F1) in the case of F1,

to an output terminal 400 (Shave F2) in the case of F2,
It should be noted the arrangement of the differentiated
data is defined as follows:
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digitally differentiating the data stored in said sanpling neans in a
.colum direction, wherein saird differenti- ating is acconplished by
determ ni ng whether there exists a change in value between data in a first
| ocation and data in an adjacent |location in a line or columm,
respectively; classifying the relati onsBi p of connection between a point,
subject to printing and vertical dots él'udi g said poi REPOERCENMENTOSIREE of
edge data produced as a result of said

{((BRO OR BR4 OR BR5 OR (ER0 AND (BR2 OR BR3)))
AND (ARD AND (CRO OR CR1))

OR ((DRO OR DR4 OR DRS OR (ER0 AND (DR2 OR DR3))) AND (CRO
AND (ARO OR AR1)))

OR (DR! AND CRO AND AR1)

OR (BR1 AND ARO AND CRI)

OR (BR1 AND AR2 AND DR2 AND CRO)

OR (BR2 AND ARO AND DR1 AND CR2)

OR (BR2 AND ARO AND DR2 AND CR2)

OR (BR2 AND AR2 AND DR2 AND CRO)

OR (BR2 AND AR1 AND DR3 AND CRI1)

OR (BR3 AND AR1 AND DR2 AND CR1)

OR (ER1 AND ARO AND CR0)

OR (FR1 AND (NOT BR2) AND AR1 AND CR0 AND DR2)

OR (ER! AND (NOT BR3) AND AR1 AND CRO AND DR3)

OR (ER1 AND (NOT DR2) AND ARO AND CR1 AND BR2)

OR (ER1 AND (NOT DR3) AND ARO AND CRI1 AND BR3)

OR (ER1 AND BK1 AND DR3 AND ARD AND CR2)

OR (ER1 AND BR3 AND DRI AND AR2 AND CRO)} AND (NOT SFTR2)

In addition, an amount of correction in the rightward
direction is calculated by executing the following calcula-
tion:

SFTR1 =

{(BRO OR BRI OR BR2 OR BR4 OR (ERO AND BR3)) AND
(AR2 AND (CR! OR CR2)))

OR: ((DRO OR DRI OR DR2 OR DR4 OR (ERC AND DR3))
AND (CR2 AND (AR1 OR AR2))

OR (DR5 AND CR2 AND ARI)

OR (BRS AND AR2 AND CRI)

OR (BR4 AND AR2 AND DRS AND CRD)

OR (BRS AND ARO AND DR4 AND CR2)

OR (BR4 AND AR1 AND DR3 AND CRI).

OR (BR3 AND AR! AND DR4 AND CRI1)

OR (ERI AND AR2 AND CRY)

OR (ER! AND (NOT DR3) AND AR2 AND CRI)

OR (ER1 AND (NOT BR3) AND AR1 AND-CRO)

OR (ER1 AND BRS AND DRO AND AR2 AND CRO)

OR (ER! AND BRO AND DRS AND ARO AND CR2)} AND (NOT SFIR2)

A description will now be given of the comection or!
horizontal lines in block IL
Calculation of a vertical edge in Step 560:
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Rate: 7 § FLE Wl

v



step of digitally differentiating the data stored in said sanpling neans in
REPLACEMENT SHEET - 48 - classifying the relationship
of connection between the point subject to printing the horizontal dots

a line direction;

i ncl udi ng

- 46 -

simultancously stored into the flip-flops 1001-1006 at the
next cycle of the video clock VCLK. At this time point, the
data of one column by five lines are shifted to the fip-flops
701, 705, 710, 714 and 719. .
The repetition of the above operation causes the shift of
the data of one column by five lines on the Hip-flops.
With the above constitution, the flip-flops 701-703,
705-T07, 710-712, 714-716 and 719721 constitute a win-
dow for the edge detection in the vertical direction enclosed
by a dashed-line block 721 in FIG. §3. On the other hand,
the flip-flops 704-717 constitute a window for the edge
detection in the horizontal direction enclosed by a dashed-
line block 723. The flip-flop 711 located at the center of the

. twa blocks 722 and 723 stores the data under attention.

Although the flip-flops 700 and 718 do not contribute 1o the
edge detection, they are necessary to take timing of the data
shifting.

With the above constitution and operation, the data of the
flip-flop 711 is updated bit by bit every time one-bit dara is

outputted from the buffer 23 to store data on the line that is,

subject to the printing.
Although the above description relates to the case where
the serial bit pattern data is outputted from the character

generator 28, the data outputted from the character generator -

28 may be parallel bit pattern data. In the latter case, the shift
register 40° constituted by the flip-flops FF and serving to
shift the data in the line direction shiould be connected in
parallel to the paralle] data.

REPLACEMENT SHEET
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said point on the basis of edge data produced as a result of said step of
digitally differentiating the data stored in said sanpling neans in a
colum direction; producing correction dot data whose dot size to be
printed and dot position within the size of a normal dot are predeterm ned
on the basis of data from said steps of -chassifying; and RWW%W‘SHEET
nodul ation a | aser beamfor effecting printing in response to sal
correction dot data.
| What is claimed is:
. L A method for generating bit map image data, compris-
ing the steps of
converting coded data outputted from an extemal device
1nto bit map data and storing a portion of a plurality of
lines of the bit map data in a memory;
obtaining honzontal contour data and vertical contour
data by digitally differentiating the bit map data in said
memory in honz?ntal and vertical directions while
reading each portion of one column by N lines or M
columns_ by one line, wherein said differentiating is
accomp}xshed by determining whether there exists a
ghangexgvaluebetweendarainaﬂrst,loaﬁonmddata
in a vertically or horizontally adjacent location;
dcgc;;::ing. pqai&:;;;l d::laﬁouship between dot data sub-
J printing t data not subject to printing on
the basis of the contour data; and s
converting the dot data subject to printing to a dot of a
predetermined size and outputting the dot of the pre-

detennfnedsizeaspﬁmdauonthebasis of a result of
determination.

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

storing in an image memory 2 partion 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

or M columns by one line of data from said image
memory each time a one-bit signal is outputted from
said character geaerator;
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 c}iﬂ’erentiaﬁng the-data stored in said sampling
means in a column direction, wherein said differenti-
aung 1s accomplished by determining whether there
exists a change in value between data in a first location

- and data in an adjacent location in a line or column,
respectively;

classifying the relationship of connection between 2 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; :

—
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3. An apparatus for nodulating a | aser beamw th enhanced bit-nmap i nmage
data conprising: an inmage nenory for storing a portion of a plurality of
lines of. bit nmap data of a serial signal format outputted froma character
generator, menory control neans for se_qggntially ext r act RHg-ARENENT SHEGR of
one colum by N lines or Mcolums by oné Tine of data froma character

generator: nenory Coﬂt r:%l . rgre ns I O,anh%gugfng%&éoéa)gﬁg &% a por -
point subject to printing the 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 2 normal dot are
- predetermined on the basis of data from said steps of
classifying; and
pulse-width modulation alaser beam for effecting printing
In response to said correction dot data. _
3. An apparatus for modulating a laser beam with
enhanced bit-map image data, comprising: _
an image memory far staring a portion of a plurality of
lines of bit map dara of a serial signal format outputted
from a character generator;
memory control means for sequentially extracting a por-
tion of one column by N lines or M columns by one line
of data from a character generator;
memory control means for sequentially extracting a por-
tion of one column by N lines or M columns by one line
of data from said image memory each time a one-bit
signal is outputted from said character gencrator;
sampling means for storing the data read from said image
memory while shifting the data by each portion of M
columns by N liges;
first edge detecting means for digitally differentiating the
data stored in said sampling means in a line direction;
second edge detecting means for, digitally differentiating
the data stored in said sampling means in a column
direction, wherein said differentiating is accomplished
by determining whether there exists a change in value
between data in a first location and data in an adjacent
location in & line or column direction, respectively;
first classifying means 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;
second classifying means 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;
determining means for outputting correction dot data
whose size of a dot to be printed and position within the
size of 2 normal dot have been determined on the basis
of the data from said first and second classifying
means: and
pulse-width modulating means for modulating laser beam
z:a-cﬁecungpﬁnﬁnginresponsetosaidconacﬁon_

i

— .
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tion of one colum by N lines or Mcolums by one |ine of data fromsaid
.ilmage nenoy each tine a one-bit signal is outputted fromsaid character
generator; sanpling neans for storing the data read from said i nage nenory
while shifting the data by each portion of M colums | oSt edge
detecting nmeans for digitally different+a9% ng the dat@lpggtg%ﬁﬁékgg?d
sanpling neans in a line direction; second edge detecting neans for
digitally differentiating
4. The apparatus for generating laser beam bit-map image
_data according to claim 3, wherein said sampling means
comprises M by N shift registers arranged in 2 matrix form.
5. The apparatus for generating laser beam bit-map image
data according to claim 3, wherein said classifying means
has a dictionary structure.
6. The apparatus for generating laser beam bit-map image
data according to claim 3, wherein said determining means
comprises a gate array circuit

Wy
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the data stored in said sanpling neans in a colum direction, wherein said
diffentiating is acconplished by determ ni ng whether there exists a change
in value between data in a first location and data in an adjacent | ocation
in aline or colum direction, respectively; first classifying nmeans for
classifying the relationship of connection between a point subject to
printing and vertical dots including saidpoint on tHEPhASEMENT SHEEGE dat a
fromsaid first edge detecting neans;

- 50 -
ABSTRACT

METHOD AND APPARATUS FOR GENERATING BIT MAP IMAGE DATA

Bit map data stored in an image memory is read every one
column by N [ines or M columns by one line and is stored
in a shift register of M bits by N bits. The data in the shift
register is differentiated in the direction of the colunm
direction by edge detectors and extracted as data represent-
ing only a contour portion. This contour data is classified
into forms of discontinuocus points with respect to the
horizontal direction and the vertical direction by classifying
circuits. As for the classified data, the size of a dot to be
printed and a printing position are converted by a determin-
ing circuit to a pulse width and a timing at which the dot is
to be generated, and the classified data is converted o a
pulse width by a puise-width modulating circuit and is
outputted to a laser beam modulating.device. As a result, a
dot smaller than a normal dot is added in 2 vacant porticn,
or a part of 2 normal dot is shaved, thereby printing a smooth

pattern.

Figure. 3

This is the replacement sheet

Date: £ O FEB 1939



second cl assifying neans for classifying the relationship of connection
bet ween the point subject to-printing and horizontal dots including said
poi nt on the basis of edge data from said second edge detecting neans;
determ ng neans for outputting correction dot data whose size of a dot to
be printed and position within the size of a normal dot have been

determ ned on the basis of the data frerdsaid first ®REPLACEMBNT SHasTfyi ng
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pul se-w dt h nodul ati ng nmeans for nodul ating | aser beam for effecting
.printing in respose to said correction. -49- 4. The apparatus for
generating | aser beambit-map i mage data according to claim3, wherein said

sanpl i ng nmeans conprises Mby N shift registers arrangemﬁPﬂAGEme%ﬁEéprm

FIG 251 FIG 251 FIG 251

OlO o]
®|O Y
OO O

FIG. 26 1  FIG. 26 1 FIG. 26 Il
O O
®0 1@ | %
Qo Ol

FIG. 27 [

FIG 271 FIG 271

Ol@ Oe 7
Ol0[O ®

FIG. 28 1 i
FIG. 281 FIG 281

Ouo OQa
Q|00 10|10

ok b the rapieoanard shest

2 6 FEB 1998

[3gte:



5. The apparatus for generating | aser beambit-map i mage data according to
.claim3, wherein said classifying neans has a dictionary structure. 6. The
apparatus for. generating | aser beambit-map i mage data according to claim
3. wherein said determi ning neans conprises a gate array circuit.
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