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METHOD FOR GENERATING BIT MAP IMAGE DATA AND A METHOD AND 

APPARATUS FOR MODULATING A LASER BEAM WITH SAME 

The present invention relates to a method for generating bit 

map image data and a method and apparatus for modulating a laser 

beam with same. 

A laser printer is capable of printing characters and images 

with very high resolution by increasing the modulation accuracy 

of a laser beam. For this purpose, it is necessary to compose 
image data to be printed in the form of a high-density bit map 

pattern. In order to output character data of such a high­

density bit map pattern, much time and labor are involved in the 

preparation of the data, and a large-capacity storage device for 

storing the same is required. This disadvantageously entails an 

increased cost of the apparatus. 

To overcome such 
discloses a technique 

a problem, 
whereby 
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pattern data 

corresponding to a character code outputted from a host apparatus 

or the like is stored in a first-in first-out memory, a dot 

located at a position where printing is to be effected and a 
plurality of dots surrounding that dot are sampled from 
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-_the first=-in first-out m~mory, and ·the sampled bit map pattern· 

is comoared .. -.with·~ oattern .data ·for_ comoarison, - 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 pattern is replaced 

with a correction dot pattern allotted to the pattern data for 

comparison, and this correction dot pattern is outputted as 

print data. 

According to this technique, since the bit map pattern 

data outputted from a character generator can be corrected as 

necessary, it is possible to print a character pattern having 

a smooth contour without increasing the storage capacity of the 

cha~acter data storage means. 

However, since the bit map pattern "itself which is_ st~red -

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 .. ma:tc?ing calculation wi f.hin a time period during which 

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

disadvantageously required. 

Accordingly, a primary object of the present invention is 

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

a laser beam printer capable of effecting high-speed 

operation by reducing, as much as possible, the number of 
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data used at the time of correcting a"dot to-be printed. In order 
.to solve· this -object - , .th~ invention provides a method for 
generating_ bit-map ,~mag~ data· according ·t9 independent claim 1, 
·which ·is ·in.tended-~ to be understood as·· ·a . first non-limiti!lg: 

· approach of .. _.defining the invent.ion . in ·~general terms. - : Further· · 
advantag~OUS features, aspeC~S I ·a~d de~ails Of. this nl~thod . are 
evident from the description examples and drawings. 

In · accordan_ce .. with a first -~spect ·therefore, the. 
invention provides a ·method -for generating -bit map 

image data, comprising the steps of:· converting coded data 

...... ... ..... " - . • 1 ou ... pu ...... ea :;:rom an ex ... erna device into bit map data and storing 

a portion of a plu~ality 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 colu."llil by N lines; determining positional 

relationship between dot data subject_to.printing and dot data 

not subject to printing on the basis of the contour data; and 

converting the dot data subject to printing t~ a dot of a 

· predetermined size and outputting the dot of the pr~determined 

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

Conseguently, according to the invention, the bit m~p data 

stored in the ~emery -is read ih increments of a full single 

· colUJil!l by.N lines, while being stored in a shift register of 

size M columns by N lines, and the bit map data is 

differentiated in the vertical and horizontal directions so 

that only the data representing a_ contour portion is outputted. 

As a result, data relating to dots which clearly constitute 

continuou~ portions is excluded, so that the nu.Ttlber of data to 

be used for processing in succeeding processes is reduced 
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remarkably: The data. represei:y::.ing ·the contour por~i°~n i"s u~ed_ 

as data for classifying discontinuous points with ·respect to 

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

classifying discontinuous points is used for ·deter.ninin~ 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 s~~e. 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 

·dis.continuity .. 
·A_ second · objec~ of the ·present invention is to ·prqvide · a· 

- . . . 
method and an appartus for generating the above-described bit-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 · of defining the invention in 
general terms. 

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 las~r beam to on-off modulation on the basis of data 

representing a character pattern as a bit map, .and in which, after 

toner is electrostatically attracted to the latent image, the 

image is transferred to recording paper so as to print a character 

or an image. 
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In .. accordance with a second aspect the invention 

therefore provides an appartus for generating laser 

bea"l\ bit-map i~age data, comprising: ·an· image memory for 

storing a portion of a plurality of lines of bit map data of a· 

serial signal fonnat outputted from a character generator; 

memory control means for sequentially extracting a portion of 

one colu.'illl by N lines of data from the image memory each time 

one-bit signal is outputted from the character generator; 

sampling means for storing the data· read from the irnaae memorv .- -
while_ sh5:ft5:ng. the data by each portion of M colu.-rnns by N 
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lines; first edge detec.ting means fcir digitally ·differentiating 

- the. data · stored -~.in the sampling m~ans .. ~in --- the direc~ion_. _of 

lines; second edge det~cting means for digitally 

differentiating the data stored in the sampling means in the 
. . .. . -~-

direction of columns;·· first classifying means· for classifying 

the relationship of connection between a .point subject to 

- -
printing and vertical dots including the point on the basis of 

edge data from the first edge detecting means; second 

classifying means for classifying 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 nor.mar 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 detennining 

means. 

DESCRIPTION OF-THE DRAWINGS 

Fig. 1 is a schematic side view of a laser printer to 

which the present invention is applied; 

Fig. 2 is a diagram showing a control unit for modulating 

a laser beam of the apparatus shown in Fig. 1; 

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

laser printer using a bit-map-data generating circuit in 
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· acc.ordance wi.th the· present invention; 

· . ._Fig. _ 4 -~is -a di~gram .illus~rating -~. 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 

differentiating the data shown in Fig. 6; 

Fig. 8 is a diagram explaining digital differentiation 

with· respect .to a vertical direction for 'obtaining contour 

data, and is a diagram illustrating data prior to 

differentiation; 

Fig. 9 is a diagram ·illustrating data obtained by 

?if ferentiating the data shown 1.n 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; 
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Fig. -12 is a diagram· illustrating·· a ri_sing edge, as viewed·. 

froin the top-- .in the vertical di:"t"ection, . obtained_. by-
. . . - - - . - -

·-
diff_~renti"ating the pattern of the character "$" shown in F~g. 

4; 

Fig. ··13 is a diagram illustrating· .a falling 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 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 ci:rcui t by t;he logical circuit; 

Fig. 16 is still another diagram "illustrating the 
. . 

relationship between original patterns and· _data obtained by 

classifying 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 circuit by the logical circuit; 

Fig. 19 is a further diagram illustrating the relationship 
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.. 
between origina1-:·patterns . and data· obtained by ·classifying 

: 

~~gnals- from the edge dete!=ting ci~cui t by the logical.circuit; 

Fig. 20 is a diagram schematically illustrating unit dot 

data outputted from a pulse-width mod~lati~g 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; 

. Fig. 24 is a diagram illustrating an example of a sampling 

window; 

Fig. 25 is 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· character "$" shown in Fig. 4; 

Fig. 26 is an explanatory diagram illustrating a case in 

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

dot in a horizontal rising portion in the process of correction 

by applying the bit map data on the character "$" shown in Fig. 

A. • 
- I 

Pig. 27 is ~n explanatory diagram illustrating .a case in 

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

Thi• 1 If~i~ Dii1i[iililmrced· 
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vertical rising-. portion -in the . process · of· correction by 

apply;ing the bit map ~ata on the character~"$"· shown in __ Fig·. 4; 

Fig. 2a· is an explanatory_diagram illustrating a case in 

which a correctio~-is made by adding a dot in a vacant portion_ 

located on the- left-hand side of a 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. 

A. • -, 
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 

me.~orY- 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 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 a 

falling-portion edge detecting circuit constituting a part of 

the.first edge detector; 
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· Fig. ·35 is a circui·t diagram _illustrating an example of a 

-_risi;g~p~rtlon~e~ge detecting-circuit constituting a par:t of .a 

second edge detector; 

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

falling-portion· edge detecting circuit .cons ti tu ting a part of 

the second edge detector; 

Fig. 38 is a circuit diagram illustrating an example of a 

classifying circuit for classifying an original pattern on the 

basis of a rising edge from the edge detector shown in Fig. 34; 

Fig. 39 is a circuit diagram illustrating an·example of 

another classifying circuit for classifying an original pattern 

on the basis of a falling edge from the edge detector shown in 

Fig. 34; 

Fig. "4 0 is a ·circuit diagram illustrating ·an example of 

another classifying circuit for classifying an original pattern 

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

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

Fig. 41 is a circuit diagram illustrating an example of 

still another classifying circuit for classifying an original 

pattern i~ 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 to 

41; 
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Fig~ 43 is a circuit diagram illustrating an exai~ple of a 

pul~e-wi-dth modulator for outputting print data on the basis of­

data -from the determining circuit shown in Fig. 42; 

Fig. 44 is a diagram illustrating ~it m~p data in a case 

where the 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; 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 

driven 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 uniform irradiation with light from an erase lamp 

3. After cleaning, ions generated by a charge generator, e.g., 
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·-
a corona .:tischarge unit 4,. are supplied to the photoreceptor 

: drum 1, so· that ,.the photore_cepto.z.:. dru.nl--'1 is- charged to ~a fixed 

surface potentlal. At ·a.stage where such preparations have 
-

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

laser beam from· a la·ser-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 sho~ 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 mirror secured 

to a rotating shaft of a motor 10 and effects horizontal 
-· 

.scanning across the surface of the photoreceptor.drum 1 as the 

laser beam is moved horizontally in the direction of reference 
- . 

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

by means of the motor 10 rotating in a direction indicated by 

reference character B in the dr~wing. 

While the laser beam scans the length of the photoreceptor 

drum 1, the photoreceptor drum 1 also rotates in the direction 

of arrow D, so that the entire surface of the photoreceptor 

drum 1 is covered with a raster image. Since the rotating 

speed of the motor 10 for driving the scanning mirror 9 and 

that of the motor for driving the photoreceptor drum 1 are set 

to synchronize, scanning with the laser beam per cycle is 

This I if i~llU1i1iiiced. 
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... 
o.ffset by a predetermined interval,· e.g., by l/300'inch, in-the 

·.circumferentiai ·dir~ction. In a case where printing is t~ 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 nun) ·on the surface of the 

photoreceptor drum 1, for instance, ·in a case where printing of 
. . 

dot data outputted from a character generator is effected with 

a l/300 inch dot, a correction is made with a resolution 

four-fold the same, and hence the laser diode 6 is adapted to 

be able to be turned on and off 1200 times while the laser beam 

advances one inch. As a result, it is possible to virtually 

realize a resolution of 300 dots/inch in the circu.~ferential 

direction x 1200 dots/inch in the horizontal direction for the 

photoreceptor drum as _a·who~e. 

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 

high negative potential, while p·ortions which were subj~cted t_o 

the irradiation discharge charged particles and rise to a low 

negative potential .. 

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

difference on the photoreceptor drum surface 1 toner is caused 

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

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

selectively attracted by such portions, thereby converting a 

This I iii~ ~1i1!1U11ii1aced 
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latent image.to a toner image. 

· . _ In a · _,.transfer·: unit .. 13, · . the toner image _ on the 
'· 

· photoreceptor drum surface is __ transferred to recording paper. 

The recording paper is conveyed at the same speed as the 

peripheral speed of. the ·photoreceptor drum 1 while being in 

contact with the photoreceptor 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 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 15 , is 

adapted to heat the toner image on the recording paper while 

_applying pressure ther~to so as to fuse toner particles and 

allow the same to adhere to the 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 correcting the dot pattern data in correspondence with 

print data. The control unit includes a central processing 

unit (CPU) 20, a RAM 21 constituting a main storage unit and an 

Thi•1ii iii1l1~il1IMrced· '"'r ··') 
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external· -storage device,- a .microcomputer constituted by a ROM 

:22 for . storing .. -.-a progralt\ ~ for controlling -_ the .various 

operations, a ·character generator 28 - incorporating a font 

stprage unit in which data concerning a ~haracter 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 generate~ 28. 

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-conunand, converted to basic bit· 

map data for modulating the laser J:>eam by the character 
- .. -

gener~tor 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 

relationship 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 

photoreceptor drum 1 by controlling the photoreceptor drum 1 

via a bit shift circuit 30 and an address control circuit 31 so 

as to render the rotation of the photoreceptor drum 1 suitable 

for the writing of data. 

This is the replacem$nt sheet 
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The aforementioned bit-map-data gener~ting circuit 29 is 

used to_· correc_t- the bit map ciata, such as-the o~e- ·shown.in Fig. 

4, outputted from the character generator 28 into a smooth 

pattern, and.is c~nnected 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 outputted from the buffer 23, the bit-map-data 

generating circuit 29 provides an output by adding a small dot 

F' (Fig. 29) to a vacant portion F constituting a part of the 

area indicated by within a circle denoted by reference 

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

stepped 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 f ~r 

reading from the font storage unit data for generating a bit 

map pattern corresponding to that coded signal. The coded 

signal is converted to bit map data, shown in Fig. 4, by the 

character generator 28, and is stored in the buffer 23. 

If the bit map data outputted from the buffer 23 is 

directly outputted to the laser beam modulator 17 without being 

corrected, stepped portions attributable to positional changes 

Thi~: is the replacement sheet. 
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in the standard bit size are printed, as described before, with 

the result that the printed. patte:rn .'lac~s smoothness. Tha.t is, .­

since the buffer 23 stores .patterns composed u~ing only 

standard size dots for the purpose of ·reducing the required 

storage capacity·as much as possible, the amount of minimum 

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. 5 shows an example of the bit-map-data generating 

circuit denoted by reference numeral 29 in Fig. 3 . 

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 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 stage where data for a 

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

jQ(K"} 
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-
stored in the image data storag~ unit 41, the address signal 

generat;r· ·42 and ~he wri~e/read control unit 43 -r-~ad 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 

columns ·x N 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 "l" 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 "l" is generated at the position (seventh bit) 

where the final dot is present, as shown in Fig. 7. 

In addition, to digitally differentiate in the vertical 

direction means that, with reference to an example of a pattern 

This is the replacement sheet 
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which continues from-a second bit to a sixth-bit in the -Y-axis 

·direction I as shown in: __ Fig .. -8 I when vie~ed _from the: top,- the -. 

signal "l" is generated at the position (x = 2, y =-6} where a 

dot is present following a vacant portion, and in a case where 
- - -

a vacant. por.tion is present following a .dot, the signal "l" is 

generated at the position (x = 2, y = 2) where the final dot is 

present, as shown in Fig. 9. 

If the bit map data of the character "$" shown in Fig. 4 

is differentiated using such a method, the data concerning 

horizontal rising edges is indicated by black dots in Fig. 10, 

while the data con.cern1ng horizontal falling edges is indicated 

by· black dots in Fig. 11. Moreover, the data concerning 

vertical rising edges is indicated_ by black dots ~n Fig. 12, 

while the dat~ co~cerriing 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 

characteristic of the bit map· data, V?:hile t:he rising and 

falling edge data.obtained by vertically differentiating the 

bit map data represent the horizontal characteristic of the bit 

map data. 

If an examination is made of the correlation between the 

original pattern and the data on the horizontal rising and 

falling edges and the vertical rising and falling edges thus 

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

-pJ;"inting is placed with- ·respect to the. surrounding :dots·, i.e., 
whether that dot constitutes one of a series of horizontally or 

vertically _ contig'l!-ous 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 columns 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 t~ 19.show relationships between classifications 

obtained by sampling original patterns by means of a 3 columns 

x 3 lines size sampling window and by logically determining 

data on edge portions obtained by differentiating the sampled 

data on the one hand, and data.from the ch~racter 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 marks 

indicate portions where a dot is present, white marks indicate 

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

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

_differen~~ated-~ata, :if these-data a~e classified_·by focusin~ 

on the patterns of an upper region including the focused point 

and by assigning classification codes AO - A4 to their 

configurations, and by· focusing on the patterns of a lower 

region including the focused point and by assigning 

classification 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, 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 - . 

th~se · data a~e classi-fied by -"focusing on the patterns of a 

right-hand region including the focused point and by assigning 

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

focusing on the p~tterns of a left-hand region including the 

focused point and by assigning classification codes FO - 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 
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focused point-and by assign~~g-classification codes GO.- G4 to 

t_he.ir .: configurations~~ a;nd by focusing .- on . the pat:tern~ of:. a 
- .- . 

- -
left-hand region including the focused point and-by assigning 

classification codes HO - H4 to their configurations, -and if 

the original patterns are .classi~ied on the basis of these 

classification codes, patterns as shown in Figs. 18 and 19 can 

be obtained. 

The results thus obtained by determining the 

configurations by means of the classifying unit.s · 47, 48, i.e., 

AO - A4, BO - B4, CO - C4, DO - 04, EO - E4, FO - ?4, 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 CO - C4 and DO - C4 are used to classify 

an original pattern having a pattern symmetrical to the 

patterns of Figs. 14 and 15. with respect to a vertical line, 

i.e., an original pattern having falling edges as viewed 

horizontally. 

On the basis of the data from the first and second 

classifying units 47, 48, the determining circuit 49 determines 

which of the data is to be assigned among the data shown in 

Figs. 20 to 23. 

The result of determination by the determining circuit 49 

is used in generating data with varying pulse widths such as 

those shown in Figs. 20 to 23 by means of a pulse-width 
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modulator SO. In otlier words, the data-result of the focused 

-point _is converted. ·to data-'·for ·printing one of• the following. . - - - . . -

dot patterns: a pattern in which, if 1/4 of the size of one 

normal dot of the bit map data_outputted from the buffer 23 is 

assumed t6 be a unit size, the position of the dot of this unit 

size· is offset by 1/4 a normal dot pitch, (60, 61, 62, ·63 in 

Fig. 20); a pattern ~n which the position of a dot three-fold 

the unit size is offset by 1/4 dot pitch, i.e., the right- or 

left-hand side of the normal-size dot is shaved by 1/4 dot (64, 

65 in Fig. 21); a pattern having a dot four-fold the unit size, 

i.e., the normal dot (Fig. 22); a pattern having a size of 5/4 

dot projecting toward the print starting side (i.e., leftward 

in th.e drawing) by the up.it size as_compared with the normal 
. . . 

dot (66 in Fig. 23); and a -pattern having a size of 5/4 dot 

projecting rightward in the drawing by the unit size as 

compared with the normal dot (67 in Fig. 23). 

The shift re~ister 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 

on the line immediately preceding the ·line including the 

focused point is stored in Rl 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 RB. In addition, auxiliary data for 

----------·--- ------ - - -- - -------
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calculating data on boundary portions at' the time of vertical 

~ifferenti?-tioii is - stored in R9 .to Rl6, while a1:1~iliary _data-· 

for calculating such data at the time of horizontal 

differentiation is stored in R17 to R20. That is 1 data on an 

(n - 2)th line is stored in the regions·R9 to R12; data on an 

(n - l)th line is stored in the regions Rl7, Rl to R3, Rl8; 

data on then-th line is stored in the regions R4, RO, RS, R21; 

data on the (n + l)th line is stored in the regions Rl9, R6 to 

RB, R2 0 ; and data on the ( n + 2) th line is stored in the 

regions R13 to R16. The data on the same column is inputted by 

a portion of one column with five lines starting with the 

right-hand side in the drawing, and is shifted toward the 

left-hand side in the drawing by each portion of one column 

with five lines. 

For this reason, with respect to an example of, for 

instance, the bit map pattern shown in Fig. 4, in a case where 

the vacant portion F in the area indicated by 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(I) is stored in the shift register 44. 

Consequently, edge data such as the one shown in Fig. 25(II) is 

·outputted from the first edge detector 45. The classifying 
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-·circuit 47--effects a-determination by.classifyi~g-this edge 
- -data (Fig. 25 (~I)) _into. an upper pa:ttern !-ncluding the focused 

-
point RO and a lower pattern includi~g the focused point RO by 

means of the above-described technique, thereby classifying the 

_former pattern as A2 and T:he latter pattern as B3 (Fig. 15). 

It is thereby determined that the focused poln~ RO presently 

stored in the· shift register 44 is a dot falling under 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 1/4 

dot to the position located one space ahead of the focused 

point RO, i.e., to the vacant portion F. Hence, a command is 

given to print a dot, such as the one shown in Fig. 25(III) of 

the same drawing, i.e., a dot (Fig. 23) longer along the 

left-hand side by 1/4 a dot than the norrnal dot. It should be 

noted that since these calculated results are outputted at a 

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

of a timing for s~arting the actual ·printing, the irradiation 

point of the laser beam is present at the vacant portion F. 

As a result, as the printing of the dot is started at a 

point of time when the la~er beam has passed the vacant portion 

F by 3/4 a dot width, a pattern in which 1/4 of a dot is added 

in the vacant portion F, as indicated by reference numeral 66, 

is printed. That is, F' shown in Fig. 29 is printed. 

In addition, when G in the circle denoted by reference 

character E becomes a focused point QO, a pattern such as the 

This is the re.piacememt sheet 

OClte: 3 0 SEP 1996 



27 

one shov.'11. in Fig-. 26 (I) is stored in the shift register 44, 
- -with the result ~hat ·data ·shown-in Fig. 26(·II) is_·outputted -

from the edge detector 45. The classifying circuit 47 

classifies the upper pattern including the focused point. QO as 

Al and-the lower pattern including the focused point QO as B2. 

As a result, the patterns including the focused point QO and 

presently stored_in the shift register 44 are classified as Al 

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

, . . .... . 14) _ine in rig. . The determining circuit 49 outputs a signal 

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

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

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

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

the focused point QO upon the 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 steppe~ portion indicated by E in Fig. 4 is formed by 

dots which consecutively become larger as viewed· from the top 

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

F is converted to a smooth pattern. 

With respect to horizontally extending lines as well, the 

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

the stepped portion indicated by the ellipse Kin Fig. 4, when 

the dot R is stored in the shift register 44 as the focused 

J U SEP 1908 
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point QO,. data shown in Fig. 27(I) ·is stored,. so that· 

. vertic~lly dlfferentiate_d data (Fig_~ 27(II)) 
--

from the edge 
. - . 

detector 46 is used. The classifying circuit 48 classifies the-

right-hand pattern including the focused point QO as El and the 

left-hand pattern including the same as F2 (the patterns 

surrounded by a bl~ck 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 ·1aser 

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 QO, a pattern 

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

. edge data, such as that shown in Fig. 28 (II) , 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 QO as Gl and a 

left-ha·nd 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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Thereafter, as described- above, the array of dots in the­

sampling_ region is·classified on the ~asis 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 a small dot by 

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

adjacent to the focused point even if the focused point is a 

vacant portion, a dot smaller than the normal dot is added. 

Although in Fig. 29 the dots are each shown as having a 

square configuration to facilitate an understanding of the 

description, . at the stage where the dots are orinted on - . 

recording paper, the dots assume a smooth configuration 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 photoreceptor 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 correction 

are detected by using as index data the data on contour 

This' iUi llH1i1U11rured 
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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 circui_t configuration but 

also effect a calculation by software within the time period· 

for printing one dot, so that it is possible to implement the 

apparatus not only in hardware but also in software. 

Fig. 31 illustrates an example of the image data storage 

unit for storing data of the serial signal format outputted 

from the buffer 23. 

Flip-flops 70, 71, 72, 73, 74 constitute a vertical shift 

register 75 for sequentially shifting a video signal (VIDEO) of 

the serial signal format from the buff er 23 which has b~en 

inputted to an input _terminal 76, in the colwnn 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 shift register 75 is stored in. an image memory 78 

consti_tuted b.y a static random access memory or the like via a 

tri-state circuit 77. The memory 7 8 is controlled by a 

horizontal synchronizing signal (HSYNC) at the time of the 

starting of laser beam scanning which is inputted from an input 

terminal 79, an address generating circuit 81 which receives a 

video clock (VCLK) inputted from an input terminal 80, and a 

control circuit 82 for synchronizing the horizontal 

synchronizing signal (HSYNC). The memory 78 outputs a portion 
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of one colum.Tl with five lines of data ·_stored therein through 

~utput -termlnais. fi°4 to 88 during .the first half of the· _video. 

clock, and to store the signal of one bit from the shift 

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

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

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

an (N + 2)th line, an (N + 3)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 colwnn 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 + S)th line in the first column outputted from the buffer 23 

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 ~alf of an following video clock, while data 

94 on the (N.+ S)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 
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terminal as-of the memory 78; D-type flip-flops 109 to 112 are 

connected in series with the outpu~_terminal 8~- 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. 

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 114 - 117 (surrounded by a 

bloc~ ·indicated by reference numeral 123) constitute'a win~ow 

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 al though t~e 

flip-flops 100, 118 do not contribute to edge detectio~, they 

are provided for t.L~ing purposes for the shifting of data. 

Hence, the data on a portion of one colwnn with five lines 

outputted from the image memory 7 8 are stored simultaneously in 

the flip-flops 100, 104, 109, 113, 118 and are respectively 

transferred to the flip-flops 101, 105, 110, 114, 119 in the 

succeeding stages (right-hand side in the drawing) at an 

ensuing read timing of the memory 78. Concurrently, data on 

Th~s is ~he rnplacem~rrt sheet 

Date: 



33 

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 ~ubject to printing one bit at a 

time each time one-bit data is outputted thereto from the 

buffer 23. 

Figs. 34 and 35 illustrate an example of the first edge 

detector 4 5 . 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 f ram the left.:.... hand side in the 

horizontal direction. 

The rising-portion detecting circuit shown in Fig. 34 

includes inverter~ 160 - 166 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 170 - 176 via the inverters 

160 - 166 and are inputted directly to the other terminals of 

the AND gates 170 - 176. 

Since the signals inputted via the inverters are signals 

which are one dot earlier than the signals that are directly 

inputted, in a case where the signal of a time-wise preceding 
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column is "O" and the signal of ·an· ensuing column is ... l", the 

·signal "0" is 7 inputted to a terminal· 138,· this signal is 

converted to a "l" by the inverter 160, and the signal "l '.' is 

i~putted _through a terminal 137. As a resul_t·, the signal "l" 

is outputted from the AND gate 170, so that a rising signal "l" 

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 direc~ly to the AND gate 210 is 

a signal one colum..~ earlier than the signal inputted via the 

inverter 200, in a case where the signal of a time-wise 

preceding column is "1", and the signal of a succeeding column 

is "0", the signal "l" is inputted to the terminal 137, the 

signal "0" is inputted to a tei:minal 136, and this signal is 

converted to a "l " by the inverter 2 0 0 . As a result, the 

signal "l" is outputted from the AND gate 210, so that a 

falling signal "l" 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 
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the vertical direction, while Fig. 37 shows an edge 

falling:.:portion detect~ng circuit - for detect:ing a position · 

where the dot~present portion is changed over to the vacant 

portion as viewed ~rom the top in the. _vertical direction. 

The ris.ing-porti_on detec17ing cir·cuit shown in Fig.· 36 

includes inverters 230 - 238 and AND gates 240 - 248. The 

signals from the shift register shown in Fig. 33 a~e inputted 

to first input terminals of the AND gates 240 - 248 via the 

inverters 230 - 238, 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 a time-wise preceding 

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

signal "0" is inputted to a terminal 133, is converted to a "l" 

by the inverter 230 and is outputted-to the AND gate 240, while 

th~ signal "l" inputted to the -terminal 137 is outputted 

directly to the AND gate 240. As a result, the signal "l" is 

outputted from the 11...ND gate 24 0, so that a rising signal "l" is 

outputted from an output terminal 250. 

The falling-portion detecting ci~cuit shown in Fig. 37 

includes inverters 260 - 268 and AND gates 270 - 278. The 

arrangement provided is such that the signals from the shift 

register are inputted directly to first input terminals of the 
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AND gates 270 - 276, and the-signals from the shift register 
. - . 

are inputted to the other ·inpu~ terminals of the AND gates· 270 

- 278 via the inverters 260 - 268. 

Since the directly inputted signa~ is a signal one line 

earlier than the· signal inputted via the inverter 260 1 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 "l" 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 2 6 0 and is 

outputted to the AND gate 270. As a result, the signal "l" is 

outputted from the AND gate 270, so that a rising signal "l" is 

outputted from an.output terminal_ 280. 

Figs. 38 and 39 illustr~te 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 c~assifying the falling stepped 

portions. 

The circuit for classifying rising portions, ·shown in Fig. 

38 1 has input terminals 180 - 186 (which are identified by the 

same reference numerals as those of the output terminals 180 -

186 of the horizontal rising-portion edge detecting circuit 

shown in Fig. 34 so as to correspond to the same) . This 

circuit, which includes inverters 290, 291, AND gates 293 -
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301, OR gates 303, 304, NOR ·gates 305, 306, 308, effects the 

following·. determinations on the_, basis of data. on a. rising. . . . . 

portion obtained.by horizontally differentiating the original 

pattern: 

IF X=O THEN 1'.MOUNT OF COR.."t\ECTION=O 

IF ·no=o AND Dl=O AND 02=0 THEN AMOUNT OF COR.~ECTION=O 

IF DB=O AND D9=0 AND DlO=O THEN AMOUNT OF CQR."qECTION=O 

IF D=Ol 1'..ND D2=1 THEN AMOUNT OF CORRECTION=O 

IF D8=1 _JL"tl'.TD DlO=l THEN AMOUNT OF CORRECTION=O 

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 i·s outputted to. an m;i.tput terminal 3iO. 

Then, the patterns are classified through the following 

logical ca·lculations: 

IF Dl=l THEN A2 

IF DO=l THEN Al 

IF D2=1 THEN A3 

IF D9=1 THEN B2 

IF DB=l THEN Bl 

IF DlO=l 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 Al, 
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to an output termin·a1 313 (V A2 ·Rise) .·in the case of .i\.2, 

. to an·output terminal 314 (V. A3 Rise) in .the· c~se of .. j\3 I 

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, 

and 

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

It should be noted the arrangement of the differentiated data 

is defined as follows: 

DO Dl D2 

x 

DB D9 DlO 

In apdition, the circuit.for cla~sifying 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 detecting circuit 

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

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

331, 332, and NOR gates 333, 334, 335, executes classification 

based on logical . 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 differentiating the 

original pattern: 

IF X=O THEN AMOUNT OF CORRECTION=O 
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IF DO=O AND Dl=O AND D2=0 

_.IF :--D8=0 .Ai.'·m:-.09=0 AND 010=0 

IF DO=l AND.D2=1 

IF D8=1 AND DlO=l 

39 

THEN··AMOUNT OF CORRECTION=O 

·THEN AMOUNT -OF CORRECTION=O . 

THEN A.~OUNT OF CORRECTION=O 

THEN Jl..MOUNT OF COR.'R.ECTION=O 

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 the carry signal is 

outputted to an output terminal 340. 

Then, the patterns are classified through the following 

logical calculations: 

IF Dl=l THEN C2 

IF DO=l THEN Cl 

IF D2=1 THEN C3 

IF D9=1 THEN D2 

IF DS=l THEN Dl 

IF DlO=l THEN D3 

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 Cl Fall) in the case of Cl, 

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 Dl Fall) in the case of Dl, 

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

to an output terminal 347 (V 03 Fall) in the case of D3, 

This 1if iil1 llii1iil1iiid 
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It should. be noted the ar;r-angern~nt of the differentiated data 

"is defined as. fol.low~.: 

·. 

DO Dl D2 

x 

DB D9 I DlO 

Figs. 40 and 41 illustrate an example of the classifying 

circuit 48 for classifying the kinds of stepped po~tions 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 c.omprehensively classifies the stepped portions o~ 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 terminals 250 -

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

reference numerals as those of the output terminals 250 - 252, 256 

- 258 of the vertical rising-portion edge detecting circuit shown 

in Fig. 36, those of the output terminals 280 - 282, 284, 286 -

288 of the vertical falling-portion edge detecting circuit shown 

in Fig. 37, and those of the output terminals 311, 341 of the 

rising edge detecting circuit and the falling edge detecting 

circuit of Figs. 38 and 39 as viewed horizontally so as to 

-·- -······-··-·-· - ·--·- ··-· ·--·--·- -·· -- - ---- -- --
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. . 

correspond to the same. This circuit includes AND gates 350 

368., OR ga_tes 3iO -· "3~7, ·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 s~gnal (Fig. 38) or the dot fall 

signal (Fig; 39) has been inputted to the .input terminals- 311, 

341. If the input signal does not represen~ 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 following 

logical calculations: 

IF D5=1 _n.ND D3=1 

ELSE IF D5=1 

ELSE IF 04=1 

ELSE IF D3=1 

ELSE· 

IF D8=1 AND 

ELSE IF D8=1 

ELSE IF D7=1 

ELSE IF D6=1 

ELSE 

On the other 

D6=1 

hand, if the input 

THEN E4 

THEN E3 

THEN E2 

THEN.El 

EO 

THEN F4 

THEN F3 

THEN F2 

THEN Fl 

FO 

signal represents a falling 

Th~ is the repiacement sheet 
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·edge portion,· - a. classification is executed by·. conducting the 

following logicai ealculations: 

IF DS=l AND D3=1 THEN· E4 

ELSE IF 03=1 THEN E3 

ELSE IF D4=1 THEN E2 

ELSE -... .!.- 05=1 THEN El 

ELSE EO 

IF D8=1 AND 06=1 ·THEN F4 

ELSE IF 06=1 THEN F3 

ELSE IF D7=1 THEN F2 

ELSE IF 08=1 THEN Fl 

ELSE FO 

The.carry signal is out.putted to.the following terminals in 

the respective cases as a result of the classification: 

to an output terminal 403 (Shave El) in the case of El, 

to an output terminal 402 (Shave E2) in the case of E2, 

to an output terminal 401 (Shave Fl) in the case of Fl, 

to an ·output terminal 400 (Shave F2) in the case of F2 1 

It should be noted the arrangement of the differentiated data 

is defined as follows: 

DS D8 

04 x 07 

03 06 

3 0 SEP 1996 
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. The ci:tcui t for classifying fa1ling portions / · shown- in Fig.- . 

41, is connected:-to_the output terrnin_als snown in.Figs. 36 and--37.- .. 
.. . . - . . . . . . -

The input terminals 250 - 252, 255, 256 - 258 of this circuit_are 

indicated by the same reference numerals as tho·se of the output 

terminals of-- the vertical rising· portion edge detecting· circuit 

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

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

~n Fig. 37 so as to correspond to the same. This circuit includes 
-

.i\ND gates 410 - 428, OR gates 431 - 436, NAND gates 438, and 

inverters 440 - 442. 

If the input signal represents a rising edge portion, a 

classification is executed by conducting the following logical 

calculations: 

IF DS=l -JI.ND D3=1 

ELSE IF D5=1 

ELSE IF D4=1 

ELSE IF D3=1 

ELSE 

IF 08=1 Ji.ND D6=1 

ELSE IF D8=1 

ELSE IF D7=1 

ELSE IF D6=1 

ELSE 

Moreover, if the input signal 

·THEN G4 

THEN G3 

THEN G2 

THEN Gl 

GO 

THEN H4 

THEN H3 

THEN H2 

THEN Hl 

0 

represents a falling edge 

Thi-s is the replacemerrt sheet 
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- . 
portion,· a classification is executed by conducting the following-

.logica~ cald1latlons :-· . 

IF DS=l A..1\fD D3=1 THEN G4 

ELSE IF 03=1 THEN G3 

ELSE IF"D4=1 THEN G2 

ELSE IF DS=l THEN Gl 

ELSE HO 

IF DB=l ~..ND D6=1 THEN H4 

ELSE IF D6=1 THEN H3 

ELSE IF D7=1 THEN H2 

ELSE IF. D8=1 THEN Hl 

ELSE_ 0 

The carry signal is outputted to the following terminals in 

the respective cases as a result of the classification: 

to an output terminal 433 (H Gl) in.the case of Gl, 

to an output terminal 432 (H G2) in the case of G2, 

to an output terminal 431 (H Hl) in the case of Hl, 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: 

DS I DB 

D4 x I D7 

D3 I 06 

Th ~s is the rapl:.acem~nt sheet 
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.. 
The signals outputted from the classifying circuits shown in· 

Figs .. _. 38 ·~a 4i -ill~strate_ ·in -groups -the _forms of- the original 

patterns stored in the shift registers 44. 

That is, _if ~he carry signals AO - A4 and the carry signals 

BO B4 from the classifying circuit shown in Fig. 38 are 

combined, it is possible to recognize the original pattern having 

a r~sing 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 ~he classifying circuit shown in ?ig. 39 are 

combined, it is possible to recognize an original pattern having 

a pattern synunetrical 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. 

If the· carry signals -EO - E4 and the carry signals FO - F4 

from the classifying circuit shown in Fig. 40 are combined, it is 

possible to recognize an original pattern in which the dot is 

present at the focused point among the edges shown in ?ig. 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. 5. This determining circuit 49, 

Thl·111m mm1i11miood 
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upon receiving the carry signals from the classifying circuits 

shown in .Figs . · 3 8 to. 41-, determines . the size of · the· dot to be 

printed and a printing position thereof. The input terminals of 

the determining circuit 49 are in_dicat_ed with_ the same re~erence 

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

i.e., 31~ - 317 (Fig. 38) 342 - 347 {Fig. 39), 400 - 403 (Fig. 

40), and 430 - 433 (Fig. 41). This circuit includes ~.ND gates 440 

- 451 and OR gates 460 - 469. 

When the carry signals (Al, Bl), (Al, B2), or (A2, Bl) are 

outputted from the classifying circuit shown in Fig. 38, this 

circuit outputs through its output terminal 4 7 O a signal for 

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

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

Moreover, when the. carry. signal·s (A2, f33) ,_ (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 left-hand side of the dot at the focused point by the 

portion of the unit dot. 

When the carry signals {Cl, Dl), (Cl, D2), or (C2, Dl) are 

outputted from the classifying circuit shown in Fig. 39, the 

determining circuit outputs through its output terminal 4 7 2 a 

signal for shaving the right-hand side of the normal dot by 1/4 

dot. Moreover, when the carry signals (C2, 03), (C3, 02), or 

(C3, 03) are outputted, the determining circuit outputs through 

its output terminal 473 a signal for adding 1/4 dot to the 
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right-h~nd side of the normal dot. 

When the· c-arry signals (E2, Fl) are outputted · _from the 

classifying circuit shown in Fig. 40, the determining circuit 

outputs through the output terminal. a signal for shaving the 

left-hand side of the normal dot at the focused point by 1/4 do"t. · 

Moreover, when the carry signals (El, F2) are outputted from that 

classifying circuit, the determining circuit outputs through the 

output terminal 4 72 a signal for. shaving the right-hand side of 

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

When the carry signals ( G2, Hl) are outputted from the 

classifying circuit shown in Fig. 41, the determining circuit 

outputs through its output terminal 474 a signal for adding 1/4 

dot at a position a 3/4 dot space apart to the right from the 

focused point. Moreover, when the .carry. signals ( Gl, H2) are 

outputted, the 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 a? exa_mple of the pulse-width modulating 

circuit 50 shown in Fig. 5. This pulse-width modulating circuit 

includes a flip-flop 480 for receiving a signal from the flip-flop 

111 for storing data on the focused point of the shift register 

shown in Fig. 33, and for receiving a fourth clock signal L4 of 

the clock signals Ll, L2, L3, L4 (see Fig. 30) obtained by 

shifting a single video clock by four different intervals; a 

flip-flop 481 for receiving the signal from the output terminal 

Th"5 •s the repf.acement sheet 
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4 7 0 of the d~terrn.ining c.irc~i t 4 9 and the third clock _signal L3 ·; 
- .- • • • • • • .r 

a "flip~flop 482 for ~eceiv.~ng· the signal from the output terminal 

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

a flip-f~op-483 for recei~ing t~e signal from the output terminal 

475 of the d~termining circuit 49 and the th~rd clock sig~al L3; 

a_flip-flop 484 for receiving the· signal from the output terminal 

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

~ flip-flop 485 for receiving the ~ignal from the output terminal 

472 of the determining circuit 49 and the .firs_t clock signal Ll; 

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 Ll - L4, .inverters 490 - 493, AND 

gates 495 - 499, OR gates 500 - 503, and N.AND gates 504 - 5-5, so 

as to 9utput to an output terminal 506 a signal having a pulse 

width corre_sponding to the signal from t~e dete~ining circuit. 

If it is assumed that data 54'. is outputted· from the buffer 

23, data 54 which i-s 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-flop 111 of the 

shift register for storing the focused point, and that data is 

used as an object of calculation. 

3 0 SEP t996 
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-
Since data subject to .printing is data Sl for which the 

-
-calculc3.ti'on 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 p~esent concerning the addition of a dot to the 

vacant portion, the dot can be p~inted in the vacant portion by 

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

printing, at· a time when the data representing an ensuing rising 

or falling edge ·is stored. 

Although, as shown in Fig. 30, at a time VI a mode (shave 

right) for shaving the right-hand side of the nor.mal dot by a 1/4 

dot and a mode (add left) for adding 1/4 dot the left-hand side 

of the ?-ormal ~,ct overlap, . and. at a ~ime VII a mode (add right) 

for adding 1/4 dot to the right-hand side of the normal dot and 

a mode (shave left) for shaving the left-hand side of the .normal 

dot by-1/4 dot overlap,_ but only one mode is selected for the same 

focused point so that there no conflict occurs. 

The pulse slgnal 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 columns x 3 columns with the focused point as a center is set 
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as the.object. of determination, if a sampling window of a greater 

size1 ::e.g_.·; ~ne·.for a.portion of ~.columns x S_. colunms, _is used, 

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

position ~paced apart from the focused point and the degre~ ?f th~ 

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 

cons ti tu ting the respective uni ts 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 calculatin~ 

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 

microcomputer 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 description will be given 

hereinafter with reference to an example in which the flio-flops - -

TMs is the replacement sheet 
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are arranged in a 7 x 7- configuration as shown below. 

ROO RlO R20 R30 R40 I RSO R60 

ROl Rll I R21 I R31 I R41 I RSl R61 

R02 l R12 I R22 I R32 I R42 I R52 I R62 

R03 I R13 R23 R33 R43 I. R53 R63 

R04 I Rl4 R24 I R34 I R44 I R54 I R64 

ROS RlS· I R25 I R35 I R45 I R55 R65 

R06 Rl6 R26 R36 R46 I R56 R66 

Data Rmn stored in these flip-flops is specified by means of 

the attached suffixes, respectively 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 cl~ssified into 

a block I for obtaining data for correcting vertical li~es and a 

block II for obtaining data for correcting horizontal lines. 

The block I for obtaining data for correcting vertical lines 

includes Step 530 for calculating a horizontal rising edge from 

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

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

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

calculating an amount of correction; Step 540 for calculating a 

horizontal falling edge; Step 541 for extracting ~..R, BR, CR, DR, 

ER; and Step 542 for calculating an amount .of correction. 

This 1 lf~ll1 ilii1~l1li\"ced 
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The biock II for obtainLng data for correcting horizontal 
: . - . 

"lines includes S~ep~56Q-for executing a calculation.of a vertical 

rising edge of a region 550 with 3 lines x-7 colwnns extracted 
: . 

from the 7 x 4 shift register w~th 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 to 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; 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 
. . 

vacant, is ·replenished; and Step 573 ~or calculating an amount of 

shaving which, in a case where the data at the position subject 

to printing is a dot, reduces that dot. 

The data calculated through tl_le Steps 532, 542, 563, 572, 573 

are combined in Step 580 for calculation for output determination 

and are outputted as print data. 

A detailed description :will now be given of the Steps 

mentioned above. 

Calculation of a horizontal rising edge in Step 530: 

DXL = R33 AND (NOT R23) 

Thi•1if m ~ii1i1Uimrced 
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- DOL = R22 AND (NOT Rl2) 
-DlL = R32 AND- --(NOT R22) · 

D2L = R42 AND (NOT R32) 

D3L = Rll AND (NOT ROl) 

D4L = R21-AND (NOT Rll) -

DSL = R31 AND (NOT R21) 

D6L = R41 AND (NOT R31) 

D7L = R51 AND (NOT R41) 

DBL = R24 AND (NOT Rl4) 

D9L = R34 AND (NOT R24) 

DlOL = R44 AND (NOT R34) 

DllL = Rl5 AND (NOT ROS) 

Dl2L = R25 AND (NOT RlS) 

Dl3L = R35 -AND (NOT R25) 

Dl4L = R45 AND (NOT R35) 

DlSL = R55 AND (NOT R45) 

Dl6L = R30 AND (NOT.R20) 

Dl7L = R36 AND {NOT R26) 

Calculation of a horizontal falling edge in Step 540: 

DXR = R33 AND (NOT R43) 

DOR = R22 AND (NOT R32) 

DlR = R32 AND (NOT R42) 

D2R = R42 AND (NOT R52) 

. ---------·-·······-
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·o3R =·Rll AND (NOT R2l) · 

D4R = R21- .ri.ND ·_.(NOT R31) 

DSR = R31 AND (NOT R41) 

D6R = R41 AND (NOT _RSl) 

D7R = RSl AND (NOT R61") 

D8R = R24 .ri.ND (NOT R34) 

D9R = R34 AND (NOT R44) 

DlOR = R44 AND {NOT R54) 

DllR = RlS AND (NOT R25) 

Dl2R = R25 AND (NOT R35) 

Dl3R = R35 AND (NOT R45) 

Dl4R = R45 AND (NOT R55) 

DlSR = RSS AND (NOT R65) 

D.16R = R30 AND (NOT R40) 

Dl7R = R36 AND (NOT R46) 

Extraction calculation.in Step 531: 

Among the differential data obtained in the above-described 

manner, only predetermined differential data are extracted by 

forming the following window using a differential value DXL at the 

focused point R33 as a center. 
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Dl6L 
-

,. D3L -1 .D4L ·osL D6L D7L I 
DOL DlL I D2L 

- . DXL 

DBL I D9L 1.DlOL 

I DllL Dl2L Dl3L Dl4L I DlSL I 
Dl7L 

On the basis of the differential data thus extracted, the 

following logical calculation is executed to generate a 

horizontal-dot-shaving effective signal: 

SVL = (NOT DXL) 

OR ((NOT DOL) (NOT DlL) AND (NOT D2L)) 

OR ((NOT DBL) AND ·(D9L) AND (NOT DlOL)) 

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

signal is · generated by executing . the following logical 

calculation: 

SFTL2 = (NOT X) OR (NOT DXL) 

OR ((NOT DOL) AND ((NOT DlL) AND (NOT D2L)) 

OR ((NOT DBL) AND (NOT D9L) AND (NOT DlOL)) 

OR (DOL AND D2L) 

OR (D4L ~.ND D6L) 
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-OR (DBL_AND DlOL) 

OR - (Dl2L :AND Dl4L) 

Moreover,_ the following logical calculation is executed on 

the basis of -the aforementioned differential data so as to 

determine ~.L, BL, CL, DL, EL: 

ALO = DOL AND (NOT D2L) 

.P..Ll = DlL 

AL2 = D2L AND (NOT DOL) 

CLO = DBL AND (NOT DlOL) 

CLl-= D9L 

CL2 = DlOL-AND (NOT DSL) 

BLO = (NOT D3L) AND (NOT D4L) AND (NOT DSL) AND (NOT D6L) 

AND (NOT D7L) 

BLl = D3L AND (NOT DSL) AND (NOT D6L) 

BL2 = DA.--L 

BL3 = DSL 

BL4 = D6L AND (NOT D4L) 

BLS = D7L AND (NOT D3L) AND (NOT D4L) AND (NOT DSL) 

DLO = (NOT DllL) AND (NOT D12L) AND (NOT Dl3L) AND (NOT Dl4L) 

AND (NOT DlSL) 

D"'"O.' fll',.tl.Vt• 3 0 StP t~· 
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DLl = DllL AND (NOT Dl3L) AND(NOT Dl4L) 

DLi·= Dl2L · 

DL3 = Dl3L · 

DL4 = Dl4L AND (NOT Dl2L) 

DLS = DlSL AND (NOT DllL) AND (NOT Dl2L) AND (NOT Dl3L) 

ELl = Dl6L OR Dl7L 

ELO = NOT ELl 

Calculation of amount of correction in Step 532: 

An amount of correction in the leftward direction is 

calculated by executing the following calculation: 
.. 

SFTLO = 

{((BLOOR BL4 OR BLS OR (ELO AND (BL2 OR BL3))) 

~..ND (ALO AND.(CLO OR CLl))) 

OR ((DLO OR DL4 OR DLS OR (ELD AND (DL2 OR DL3))) 

JI.ND (CLO AND (ALO OR ALl))) 

OR ( DLl AND CLO AND ALl ) . 

OR (BLl AND ALO AND CLl) 

OR ( BLl A..~D Jl.L2 AND DL2 AND CLO ) 

OR (BL2 Jl..ND ALO Jl..ND DLl AND CL2) 

OR (BL2 A..~D ALO A.ND DL2 AND CL2) 

OR (BL2 .2\.ND AL2 AND DL2 AND CLO) 

OR ( BL2 A.ND ALl .2\.ND DL3 A.ND CLl) 
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OR . ( ELl· .ll..ND .(NOT DL3)-AND .r..L2 AND CLl) 

o~ . (EL"l° Ji.ND (NOT BL3) AND ALl : AND.· CL2 ) 

OR (ELl .£..ND BLS AND DLO 1'.ND AL2 AND CLO) 

OR (ELl A...1'1D BLO .AND DLS Ji.ND .1'.LO .liliD CL2)} 

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 

the center. 

D16R 
-

I D3R D4R DSR .. D6R D7R I 
DOR DlR I D2R 

DXR r ' 

D8R D9R DlOR 

I DllR D12R I Dl3R I Dl4R Dl5R I 
Dl7R 

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) 

TNs ls the rep~aoomemt sheet 
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. OR ((NOT DOR) AND -(NOT DlR) AND (NOT ·D2R)} 

OR.-( (NOT _D8R) AND (NOT D9R). AND (NOT DlOR)) 

Then, a vertical-li~e-correction present-or-absent signal is 

generated by executing the following·logical calcuiation: 

SFTR2 = (NOT X) OR (NOT DXR) 

OR (NOT DOR) AND (NOT DlR) AND (NOT D2R) 

·oR (NOT D8R) AND (NOT D9R) AND (NOT DlOR) 

OR (DOR AND D2R) 

OR (D4R AND D6R) 

OR (D8R AND DlOR) 

.. QR _(D12R AND Dl4R) 

Further, the fallowing logical calculation is executed on the 

basis.of the aforementioned differential data so as to determine 

AR, BR, CR, DR, ER: 

ARO = DOR AND (NOT D2R) 

ARl = DlR 

AR2 = D2R AND (NOT DOR) 

CRO = DSR AND (NOT DlOR) 

CRl = D9R 

CR2 = DlOR AND (NOT DBR) 

This1lii1 iii1l1~i11lll"ced· 3 0 SEP 1~ 



BRO = (NOT D3R) AND (NOT D4R) AND. (NOT DSR) 

AND (NOT. D6R). AND (NOT D7R) 

BRl = D3R AND (NOT.DSR) AND (NOT D6R) 

BR2 = D4R 

BR3 = DSR 

BR4 = D6R AND (NOT D4R) 

BRS = D7R (NOT D3R) AND (NOT D4R) .il.....\10 (NOT DSR) 

DRO = (NOT DllR) AND (NOT Dl2R) AND (NOT Dl3R) AND (NOT Dl4R) 

AND (NOT DlSR) 

DRl = DllR AND (NOT D13R) AND (NOT D14R) 

DR2 = Dl2R 

DR3 = D13R 

DR4 = Dl4R .JI.ND NOT (DR12R) 

DRS = DlSR AND (NOT DllR) AND (NOT D12R) AND (NOT Dl3R) 

ERl = D16R OR Dl7R 

ERO = NOT ERl 

Calculation of amount of correction in Step 542: 

An amount of correction in the leftward direction is 

calculated by executing the following calculation: 

SFTRO = 

TMs is the replacement sheet 
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-
· { ( (BRO OR--BR4 OR .BRS OR (ERO AND .( BR2 OR BR3))) 

AND . (.~O · A."t\TD (.CRO-oR--CRl))) 

OR ((DRO OR DR4 OR DRS OR (ERO .2\.ND (DR2 OR DR3))) .2\.ND (CRO 

~..ND (ARO OR ARl))) 

·oR (DRl AND CRO ~..ND A..~1) 

OR (BRl·A..~D ARO ~..ND CRl) 

OR (BRl AND AR2 ~..ND DR2 ~..ND CRO) 

OR (BR2 AND ARO AND DRl AND CR2) 

OR (BR2 AND ~.RO AND DR2 AND CR2) 

OR (BR2 ~-"t\TD AR2 AND DR2 AND CRO) 

OR (BR2 .2\.ND ARl ~..ND DR3 AND.CRl) 

·oR (BR3 AND ARl AND DR2 ~..ND CRl) 

OR (ERl AND ARO AND CRO) 

OR (FRl A.~D (NOT BR2) AND ARl AND CRO ~..ND DR2) 

OR (ERl AND (NOT BR3) AND ARl AND CRO A.~D DR3) 

OR (ERl.AND (NOT DR2) AND ARO AND CRl AND.BR2) 

OR (ERl AND (N~T DR3) AND ARO ~..ND CRl AND BR3) 

OR (ERl AND BRl AND DR3 AND-ARO AND CR2) 

OR (ERl AND BR3 AND DRl AND AR2 AND CRO)} AND (NOT SFTR2) 

In addition, an amount of correction in the rightward 

direction is calculated by executing the following calculation: 

SFTRl = 

{((BRO OR BRl OR BR2 OR BR4 OR (ERO AND BR3)) AND 

·-- ·-···--·· --···· ·----·--·----- ··----· . -·- ·--- ···-···-·- .. 

Thrs is the replacement sheet 
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(AR2.-AND (CRl OR CR2))) 

. OR ( ( DRO OR- DRl OR DR2 OR DR4 OR (ERO }\ND DR3) r . 
AND (CR2 P-~D (-11.Rl OR AR2)} 

OR (DRS AND CR2 ~..ND ARl) 

OR (BRS .~~D J~2 AND CRl) 

OR (BR4 1'..ND A..~2 .?\.ND DRS 1'..ND CRO) 

OR ( BRS ~..ND A..~0 AND DR4 AND CR2) 

OR (BR4 .?..ND A..~l AND DR3 AND CRl) 

OR (BR3 AND ARl AND DR4 AND CRl) 

OR (ERl 1'..ND A..~2 AND CR2) 

OR (ERl Jl...ND (NOT DR3) AND AR2 AND CRl) 

OR (ERl JI.ND (NOT BR3) AND ARl AND CR2) 

OR ( ERl Jl ..... ~D BR5 AND DRO AND 1'...R2 AND CRO) 

OR ( ERl .?..ND BRO AND DRS AND P...RO AND _ CR2_) } AND (NOT SFTR2) 

A description will now be given of the correction of 

.horizontal lines in bl.ock II. 

Calculation of a vertical edge in Step 560: 

YU = R33 A..~D (NOT R32) 

DXU = R34 AND (NOT R33) 

DOU Rl4 Jl...ND (NOT Rl3) -·-·· ·--- --- ------··--···--

= 

DlU = R13 1'..ND (NOT R12) 
The \iii\ l1Uilil1iiiced 

D2U = Rl2 AND (NOT Rll) 
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D3U = R24 AND (NOT R23) 

D4U = R23 _;n.ND (NOT -R22). 

DSU = R22 AND (NOT R21) 

D6U = R44 AND (NOT R43) 

D7U = R43 AND (NOT R42) 

D8U = R42 AND (NOT R41) 

D9U = R54 AND (NOT R53) 

DlOU = R53 AND (NOT R52) 

DllU = R52 AND (NOT RSl) 

Dl2U = R04 AND (NOT R03) 

Dl3U = R03 AND (NOT R02) 

Dl4U = R02 AND (NOT ROl) 

Dl5U = R64 AND (~OT R63) 

Dl6U = R63 AND (NOT R62) 

Dl7U = 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: 

Dl4U D2U DSU I D8U DllU Dl7U 

Dl3U DlU D4U YU I D7U DlOU Dl6U 

D12U DOU D3U DXU I D6U D9U I DlSU 

This I mm iD1ffilil1IMtced 
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·· Then, the· following calculations are executed to- obtain 

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

AUD = (NOT DOU) AND (NOT DlU) and (NOT D2U) 

AUl = DOU AND (NOT D2U) 

AU2 = DlU 

AU3 = D2U AND (NOT DOU) 

BUO = (NOT D3U) AND (NOT D4U) AND (NOT DSU) 

BUl = D3U AND (NOT DSU) 

BU2 = D4U 

BU3 = DSU AND (NOT D3U) 

CUO = (NOT D6U) AND (NOT D7U) AND (NOT DBU) 

CUl = D6U AND (NOT DBU) 

CU2 = D7U 

CU3 = DBU ~..ND (NOT D6U) 

DUO = (NOT D9U) AND (NOT DlOU) AND (NOT DllU) 

DUl = D9U AND (NOT DllU) 

DU2 = DlOU 

DU3 = DllU AND (NOT D9U) 

FUO = (NOT Dl2U) A!-1D (NOT D13U) AND (NOT Dl4U) 

Thi•1lfli1l llll1Wll11iiced 
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FUi =:Dl2U AND (NOT Dl4U) 

FU2 = b13U -

FU3 = Dl4U AND (NOT Dl2U) 

GUO = (NOT DlSU) AND (NOT Dl6U) AND (NOT Dl7U) 

GUl = DlSU AND (NOT Dl7U) 

GU2 = Dl6U 

GU3 = D17U AND (NOT_ DlSU) 

Calculation· of amount of addition in Step 562: 

The following logical calculations are executed: 

1'.DD2U = { (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 Jl..ND DUl) 

OR ((DUO OR DU3) AND AUl AND BUl A..~D CU2)} 

AND {DXU AND {NOT"DXD)} 

Jl.DD3U = {(AUl Jl..ND BUl AND CUl AND DU2 AND GU2) 

OR (BU2 AND CUl AND (DUO OR DU3)) 

OR ((DUl OR DU2) AND CU2 AND BUl Jl..ND AUl) 

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

OR (AU2 AND BUl AND CUl AND DU2)} 

AND {DXU AND (NOT DXD)} 

3 0 SEP t996 
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Calculation of amount of shaving in Step 563: 

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

the ~allowing logical. calculations are executed: 

H = YU ll..ND YD · 

SVU3 = (NOT H) Ji...ND FUO AND AUl AND BUl AND CU2 ~~D DU2 

AND YU 

SVU4 = (NOT H) AND GUO AND DUl AND CUl AND BU2 Ji..ND ll.U2 

AND YU 

SVUl = {(BUl AND CU2) OR (-n..Ul Ji..ND BU2 ll..ND CU2 -~D DU2) 

OR (BUO AND. CU2 AND DU3 AND (NOTH))} 

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 

OR SVU4) ) AND YU 

Calculation of a vertical rising edge.in Step 570: 

YD = R33 ]i..ND (NOT R34) 

DXD = R32 AND (NOT R33) 

DOD = Rl4 Ji...ND (NOT Rl5) 

(SVU3 

DlD = Rl3 AND (NOT Rl4) 

This/ i1li~ iii1~/1f1Hiced D2D = Rl2 AND (NOT Rl3) 

D3D = R24 AND (NOT R25) 
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-·· 
D4D =-R23 AND. (NOT. ~24 ): 

oso· .::;; .~R22. ~D ·--(NOT _R23) · 

D6D = R44 AND (NOT R45) 

D7D = R43 AND (NOT R44) 

D8D = R42 AND (NOT R43) 

D9D = R54 AND (NOT RSS) 

DlOD = R53 AND (NOT R54) 

DllD = R52 AND (NOT R53) 

Dl2D = R04 AND (NOT ROS) 

Dl3D = R03 AND (NOT R04) 

Dl4D = R02 AND (NOT R03) 

DlSD = R'" .1 0 ~ AND (NOT R65) 

Dl6D = R63 AND (NOT R64) 

Dl7D = R62 ll~D (NOT R63) 

-
Extraction calculation in Step 571: 

Among the differential data obtained in Step 570, the 

following.window is formed using a differential value YD at the 

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

falling edge: 

Dl4D I D2D I DSD I DXD DBD DllD D17D 

Dl3D I DlD I D4D I YD D7D DlOD Dl6D 

Dl2D I DOD I D3D l D6D D9D DlSD 

Th~s is the re.placernen1 sheet 
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-- .. 
On the basis of the differential data thus extracted, 

the f6llowing l~gical·~al~ulations .~re.e~ecuted? 

ADO = (NOT DOD) AND (NOT_DlD) P..ND (NOT D2D) 

.'\D3 =- DOD ..f..ND (NOT D2D) 

_::l.1)2 = DlD 

~..Dl = D2D AND (NOT DOD) 

BDO = (NOT D3D) A.~D (NOT D4D) .l.\ND (NOT DSD) 

3D3 = D3D AND (NOT DSD) 

BD2 = D4D 

3Dl = DSD AND (NOT D3D) 

- . 
CDO = (NOT D6D) A..~D (NOT D7D) Jl..ND (NOT DSD) 

CD3 = D6D ]l...ND (NOT DSD) 

CD2 = D70 

CDl = DSD .Z\ND (NOT D6D) 

DDO = (NOT D9D) AND (NOT DlOD) AND (NOT·DllD) -

DD3 = D9D -li...~D (NOT DllD) 

DD2 = DlOD 

DDl = DllD AND (NOT D9D) 

FDO = (NOT Dl2D) AND (NOT Dl3D) AND (NOT Dl4D) 

FD3 = Dl2D .ZlliD (NOT Dl4D) 

This is the replacement sheet 
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-
FD2 = D13D 

FDl = D14D.AND (NOT·Dl2D)~ 

.. 

GDO = (NOT DlSD) AND (NOT D16D) AND (NOT Dl7D) 

.GDJ =-DlSD AND (NOT Dl7D) 

GD2 = Dl6D 

GDl = Dl7D AND (NOT DlSD) 

Calculation of amount of addition in Step 572: 

ADD2D = 

{(AD2 AND BDl AND CDl AND DDl AND FD2) 

OR ((ADO OR_AD3) AND BDl AND CD2) 
. -

OR ((ADl OR AD2) AND BD2 AND CDl AND DDl) 

OR ((DDO OR DD3) AND ADl AND BDl AND CD2)} 

AND {DXD AND (NOT DXU)} 

ADD3D = 

{(ADl AND BDl ~..ND CDl AND DD2 AND GD2) 

OR ((BD2 AND CDl AND (DDO OR DD3)) 

OR ((DDl OR DD2) AND CD2 AND BDl AND ADl) 

OR ((ADO OR AD3) AND BD2 AND CDl AND DDl) 

OR (AD2 AND BDl AND CDl P..ND DD2)} 

AND {DXD AND (NOT DXU)} 

ThIB is the ra.placemerrt sheet 
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---Calculation of amount of shaving in Step 573: 

H = YU AND YD 

SVD3 = (NOT H) A .. 'fllD FD_O AND ADl AND BD 1 .. <l..ND CD2 A..N'D DD2 

.. l\..'l\l'D YD 

SVD4 = (NOT H) _?l._'f\lD GDO AND DDl AND CDl A..'l\l'D BD2 1'..J.\iD AD2 

AND YD 

SVDl = {(BDl 1L'l\l'D CD2) OR (ADl .. 7lliD BD2 AND CD2 AND DD2) 

OR (BDO AND CD2 AND DD3 )._'t\1D (NOT H))} 

A..'l\l'D (NOT (SVD3 OR SVD4 ) ) AND YD 

SVD2 = { ( BD2 A..'l\l'D CDl) OR (1'..D2 AND BD2 A..'l\l'D CD2 /...ND DDl) 

OR (1'..D3 AND BD 2 1'..ND CD 0 ..2L'l\l'D (NOT H) } J._711D 

(NOT (SVD3 OR SVD4)) AND YD 

Calculation of output dete:c:mination in Step 580: 

When the calculation of all-the amounts of correction has 

been completed in Steps 532, 542, 562, 563 1 572, and 573, the 

·following calculations are executed, the ·respective data are 

combined, and the result is outputted to the pulse-width modulator 

50. 

SVLR = SVL /...ND S"'VR 1'..ND X 

Thi•1!1i11 iii1i1Ul1ilred· 
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a signal for a~ding a 1/4 dot to the left of the black dot: 

ADDL ~ =- SFTLO - -

a signal for adding a 1/4 dot to the right of the black dot: 
-
ADDR = SFTRl 

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

SHL = SFTLl 

OR {SVLR 1-....1.~D {NOT H) AND { SVUl OR SVU2 OR SVDl OR SVD2)} 

OR {SVLR ]...ND H ~-~D (SVUl OR SVDl OR SVU2 OR SVD2)} 

OR {SVLR ~..ND {SVU4 OR SVD4)} 

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

SER = SFTRO 

OR {SVLR AND (NOT H) _li.ND {SVUl OR SVU2 OR SVDl 

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

a signal (00001111) for shaving the left end of the black 

dot by 1/2 dot: 

SHLl = SVLR AND (?VU3 OR SVD3) 

n,, .... _-.. 
••• ~ .......... < 3 0 SEP 1996 



73 

a signal·.( 11110000). for shaving 'the right end of the black 

dot--by .1/2 dot: 

SLRl = SVLR.AND (SVU4 OR SVD4) 

a signal (11111110) for shaving ~he right end of the black 

dot by 1/8 dot: 

. SHR2 = SVLR AND H AND ( SVUl OR SVDl OR SVU2 OR SilD2) 

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

viewed from the center: 

ADD2 = (NOT X) ~..ND (ADD2U OR ADD2D) 

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

viewed from the center=-

ADD3 = (NOT X) ~..ND (ADD3U OR ADD3D) 

Since correction can be carried out by taking into 

consideration the form of a linkage with a dot located at a 

position further spaced apart from the focused point by expanding 

the frame of the sampling, it is possible to generate a smoother 

dot pattern as compared with the embodiment described before, as 

shown in Fig. 47, thereby making it possible to improve the print 

quality. 

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

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

Th~s is the repiacemsm sheet 
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- . 
a 1/4-dot "portion with an interval smaller than one 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.· 

Al though the dot patterns become smoother as the size of the 

sampling 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 quality which is 

visually indistinguishable from movable type can be obt~ined. 

Th~ is the ra.pl-acement ~heet 

Date: 



1 

-CLAIMS 

1. 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 said memory in horizontal and vertical 
directions while reading each portion of one column 
by N lines; 

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

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. 

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 of data from said image memory each time a one-

3 0 SEP • 
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bit signal is outputted from _said character 
.·. 
_genera tor; 

storing in sampling means data extracted from said 
-image memory while shifting the data by each portion 
of M columns by N lines; 

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

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

classifying the relationship of connection between a 
point subject to printing and vertical dots including 
said point on the basis of edge data produced as a 
result of said step of digitally differentiating the 
data stored in said sampling means in a line 
direction; 

classifying the _relationship of connection between 
the point subject to printing and horizontal dots 
including said point on the basis of edge data 
produced as a result of said step of digitally 
differentiating the data stored in said sampling 
means in a column direction: 

producing correction dot data whose dot size to be 
printed and dot position within the size of a normal 
dot are determined on the basis of data from said 
steps of classifying; and 

pulse-width modulating a laser beam for effecting 
printing in response to said correction dot data. 

Thi•1iii1 iD1i1Ul1imrced 
Th~s is the replacement sheet 
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3. An apparatus ·-for modulating a laser beam with enhanced 

bit~map image data, comprising: 

an image memory ( 41) for storing a portion of a 

plurality of line~ of bit map_data of a serial signal 
- -

format outputteci from a character_ generator ( 28); _ 

memory control means (42, 43) for s~quentially 

extracting a portion of one column by N lines of data 

from said image memory each time a one-bit signal is 

outputted from said character generator; 

sampling means ( 44) for storing the data read from 
said image memory while shifting the data by each 

portion of M columns by N lines; 

first edge detecting means ( 45) for . di9i tally 

differentiating· the data- stored· in said sampl~ng 

means ( 44 ) -in a line direction; 

second edge detecting means (46) for digitally 
differentiating the data stored in said sampling 

means (44) in a column direction; 

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

second classifying means (48) for classifying the 
relationship of connection between the point subject 
to printing and horizontal dots including said point 
on the basis of edge data from said second edge 
detecting means (46); 

This 1iil1 iii1iil1ITUiced 
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_determ~ning means ·( 49_) for ·outputting correction dot 

data whose size of a_ dot to be printed ai:id position 

-within the size ·of _ a ·normal dot have been d-etermined 

on the basis -of the data from said first and second 

classifying means ( 4 7, 48_); and. 
·- -

pulse-width modulating means (50) for modulating a 

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 (44) arranged in a 

matrix form. 

5. The apparatus for generating laser. beam bit-map image 

data according to claim 3 or 4 wherein said class~fying 

means (47, 48) has a dictionary:structure. 

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. 

Thts is the replacement sheet 

Date; 3 0 SEP \996 



1 

METHOD FOR GENERATING BIT MAP IMAGE DATA AND A METHOD AND 

APPARATUS. FOR MODULATING A LASER BEAM WITH SAME 

ABSTRACT 

•. 

Bit map data stored in an image memory (41) is read for each 

column.by ea¢h 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 data, 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 modulating ·device .. As a result, a 

dot.smaller than a normal dot is added in a vacant portion, 

or a part of a normal dot is shaved, thereby printing a 

smooth pattern .. 

FIGURE 5 

-···--··--·· ·--·--·---· ... ·-·---- ---·---··-··-- ..... 
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