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This Sheet Has Been Replaced

A

including several bits of tonal range data and contrxol the laser
energy by generating a time corresponding to the tonal range data
for each pixel by using a digital-to-analog (D/A) converter.

However, these laser printers have a limit to the number of
tonal ranges available. This limit is approximately five for a
pixel size of approximately 40 umz.

Using a tonal range expressing area composed of a plural
number of pixels according to the dot matrix techiiques coupled
with the method employed by the laser printer technique an
increased number of tonal ranges can be expressed. For example, a
tonal range expressing area compfising 16 p%xels in a four by four
arrangement,'the number of tonal ranges which can be expressed
will be approximately 65. The amount of data for expressing four
tcnal ranges is originally allocated to each pixel, however, so
that tﬁe amount of data necessary for expressing one tonal range
is not less than what .is expressed by the following equation:

(Log,5) x 16 = 37.2 bits (1)

Accordingly, the amount of the data necessary for expressing
one tonal range will be more than six times as much as the amount
necessary for expressing 65 tonal ranges in a gray scale image, as
indicated by the following equation:

log,65 = 6.03 bits (2)

Furthermore, most images are ordinary documents and drawings

which have only the bin;ry values white and black. In these

images, the amount of data per 16 pixels for the expression of
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[T

accerding to the first sxamplzs of a preferred embodiment of the
prasent invention for densities 5 to 8 + 3/4;
Figs. &¢{a} through ¢(d) illustrate an MGT spo: pattern

accerding to the first exampls of a preferred sambodiment of the

Figs. S(z} chrough 5(d) illustrate an MGT spot pattern
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Figs. 7{a) through 7(e) illuscrate variations cf the
arrangement wiich the MGT spot pattern may assume in the first
example of a preferred embediment of the present invention;

trating a structure of the

H

Fig. 8 is a block diagram illu

n

functions of &n entire system in the first example of a preferred

embecdiment of the present invention;
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10 is a Zlow chart iliustrating processing operations

Fig. 12 is a chart illustrating another exampls of a
cosicionzal relationship betwsen the threshold matrix and the MGT

Fig. 13 is a chart illustrating an intermediate spot pattsrn

in the maximum density usable in the arrangement shcwn in Fig.
Fig. 14 is a chart illustrating an attribute and oxder
Fig. 15 is a chart illustrating an example of an attribute
Fig. 16 is a chart illustrating an example of an oxder
Fig. 17 is a chart illustrating an example of the
relactionship between an order, a maximum threshold value, and the
minimum thrsshold value;

Figs. 18(a) through 18(2) illustrate a specific example of a

conversion of a gray scale image into a raster 1image;
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Tig. 18 is a bleck diagram iilustrating a hardware

conscruction of a half-tcne converting unit in a printer in the
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Fig. 21 is a block diagram il
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principal parcs cf & laser printgr in a second example of
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Fig. 22 is a bl

line data kuffer in the laser princer in a second sxample of
!

vrccessed by the laser printer in a sscond exampls of praferred
embodiment of the prasent invention;
Fig. 24 is a block diagram illustrating a construction of a

pattern recognizing unit in the laser printer in z second example

of preferrad embodimenz of the present inventiorn;
Pig. 25 is a block diagram illustrating a consctruction of an

image signal modulating device in the laser printer in a second

examples Of preferred embodiment of the presant invention;

o

Fig. 26 is a block diagram illustrating a construction of
pattern recognizing device In a modifisd structure of a second
example of preferred embodiment of the present invention;

Fig 27 is a charc illustrating an MGT spcot pattern which is
processed according to the modified structure of Fig. 26 oF a
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Maximum thrsessheld value matriy
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ntermediate spot pattern



B
l..l
~

[
A

L£5] [
—~— ~ H

[

(3]

14

Tthhwﬂ%wBam

T

Intermecdiate spot patiern

Output spobt vattern

Density

Intermediace spot pattexrn
Output spot rattern
Density

Intermediate spot pattern

Cutoput spot pattern

Intermediace spot pattern

Output spot pattern
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5. Intermediate spot pattern
7. PaZtern such as line image
Srinter ,

g. Qutput spot patcern
7. Patcern for lire image and the like {Not changed)

Host compucter

Threshold value matrix and intermsdiate spot pattern

Original gray scale image
Gltimate half-tcne image

- 1% -
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3% Gray scalzs image
3 Rascarizing means
38 rRascer image
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FIG. 10 .
RASTERIZING
S1. GRAY LEVEL OF PIXEL IS COMPARED WITH MAXIMUM THRISHOLD

’ i
S3. GRAY LIZVEL IS LARGER THAN MAYIMUM THRISZOLD VALUZ,

\SS
85. TEE GRAY LZVEL IS CCOMPARED WITH MINIMUM THRESHCLD VALUE.

Intermediate srot pattern (Degrees of darkness - 12)

Attribute / Order



FIG. 16

Order matrix

1} 2ensity cnxsshold wvalus
2} Oxder

FIG. 18

1; 256 tonal ranges

2} 65 teonal ranges R
2) Patﬁer in &-1/4 density
PIG. 19

35. Decoder

57. Bouncdary coadition checkex

£1, Image sigrnal medulating cdevice
FIG. 20

A

X: ZIgrorsad)

3:

PIG. 21
FIG. 22
FIG. 23

2) Intermediate spct pattern

3) Output spot pattern

FIG. 24
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prescribed number of multiple tcnal ranges with a cowmbination of

-

. . . . - PR v,
cixels which can assume terciary or more values of aensicy.

D

o

h
(11

o

what is meant here by the =2xpression, "have actually expressed" is
that it can ke ustally recognized that cthe actual image printed
our or displayed correctly expresses the multiple tonal ranges.

Further, the many types of intermediats spot pattesrns

mentioned adove are tnose spObt patterns which have logically

and zlso In & varizd arrangement of pixels. Hers, the exXpression,
"rave logically exprassed," wmeans that t spot pattsrns logically

ily exprasss the multiple tonal rangess in such a manner as

A multiple tenal range image processing system in accordancs
with & second aspect of the present inventicn 1is a syétem for
converting a gray sca~e image into a raster image having a spot
arsaz compesed of a prescrided plural number of pixels Zor muliipl
tonzli range expression, and this system is provided with the
fellowing =lements:

(1) a dither matxix having the spot area located in a

{2) a piurzl numbsr cf types of spot patterns composed ci a
combination of those pixels which can take oaly prescribed binary

value densities and which, by a variation of the arrangsment ol

’..l
tn
!
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the maximun number oI “hne pixelis t
[ | £y e - e R e e ] h-| ) ANt =ha vy 'ln---—',
L3 & LILYSCU YESTaEXlizZing MeEAns wWnhlch Conwelrls <o gray Llsvel
~F e Jenta 1 3==20 t lezsc in Zhe ouisids of tha spo ANemam f
CIL ths DLX=2_S ~CCILSC a €2SC 1N & oUuCsS1ldES QL L2 Spot arsa 10

¢Z at least scme of the pixels located in the spot area in the
gray scals image intc the binaxy value densitias, using the spot

Ir the multiple tenal rangs imeage processing system according
¢ a Zirst aspasct of the presant inventicon, a rasterizing means
converts a gray scals Image into a raster image composad of pixels

ng birary valus densities. The vaster image includas

inZfcrmaticn indicating an intermadiate tonal range embe ded in an

is raster image "logically" expxasses a
larger numsar tonal rangss, using pixels in pinary vaiue
densities, than the numker cof tonal ranges that can bs actually
exprassed. A nalf-tone converting means converts this raster

mage intc a half-tene image wnich "actually" expresses the

multiple tonal ranges, using pixsls in <Zansity not less than a

example, to a printing

I
0
]

ihen this system is applied,

'1

gystem comprising a host computer and a laser printer, it is

possikle o provide the hcst computer with a rasterizing means and

- 15 -
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to previde the lasex printer with s half-tones converting means,
wnlicn axecutss immsdliataly befora a print-out opsration With
this construction, images which ars to bs stored and processed

wicnin che orinter are raster images and it is possibls to ukbilize
an apgaratus having a memory capacicy and a processing speed
corresponding o an amcunt o:f daca smaller than a largs number of

ng system according

|.l.

tc a second aspect of the present invention, a first rasterizing

Zine charcts and contours of crachic figures contained in

patbterns of nzxa s

'g

crigiral gray scals images are cornverted into

Furtrermore, hali-tcna areas in which intermediate gray levels are
in a2 two dimensional-distribution of corntinuous variation zre
convertad into a distribution of intermediate spot patterns
logically expressing mul:iiple tonal ranges. Morecver, the
intermsdiate spot patterns arzs isolated from ona another to the

maximum extent possible in the converted raster image so that
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thess patterns are distinguisrted spatially and zlsc legically from

thcse patterns wnich exprass line mages or the like.

such as line Images in a nalf-tone area, and such z raster image

has the same amcunt of data as an image exprassing only patterns
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reraticn and converting

Chem into spot patterns actually expressing multiple tonal ranges,
h

'3
f
Q
jo g

makes it possible te produce print-out high-quality images wh

In an sxample of a preferred embodiment of the present

invention, a rlural number of types of dithsr matrixes are

(43
th

prepared in acvancs {0 correspond to a rlural number of types o

€Y 1

I{

cr

2SS
=

3]

arrangsments of different spot area densities in a sge.
Zach of the dither matrices is set up in accordance with a
condition that limits the usable types of the intermsdiate spot
patisrns to those which belong to a prescriked set of small
density ranges so trhat the intermsdiate spot patterns may ba
isolated on tha raster image in an arrangem=nt of the
corresponding spot arsas. The system is constructed in such

manner trac one of the plural number of types of dither matrices
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may b2 used selectively for converting a gray scale image into

range expressgions can be actained is decreased, and vet the

resclution in the half-toms arsa in wnich a multiple tonal rangs

having a low dersity has bszen selected, the range of densities in

wnich multiple tonal range expressions can be attained will be

Zonal range expression is produced is reduced, Thus, this systeam
allews a sziection o an appropriate dither matrix in a manner

The z=rm, "rascex image," means an irage which has a
range valus of either the white level or ths black level in each
ixel. The term, "half-tcne imagse," means a type cof raster image
ocmpossed of half-tone cells. The term, "halZ-tone cell," means an
arez 1, as shown in Fig. 1, compcsed of a plural numbzsr of dots .
eXprassing an intermediace tonal range by the nurber of black
dots. The tarm, "scresn spor,” means a lump 3, as shown in Pig. 1,

The term, "spct pattern, "

rh
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means a shape of a screen spot 3. The term, "screern pitch," means
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an irntexval &8 for th= ange=ent cf rali-tcne c=ils, as shown in
Fig. 1 The term, "screen angla" means the angle 8 which the

The term, "MGT," is an acbreviation of fhe expression, "Micro

Gray Technclogy," which is used as the designation ¢f the image

In a prefsrrad embodiment cf the invention, the entire system
comprises nost computsr 19 and laser printer 20, connacted to host

cocmputer 10, &s shown in Fig. & (and describsd in detail latex).

into = nali-tone imace which properly expresses the tonal ranges

Figs. zZ{a) throuch 5{d) show various spot patterns determined

ltimate

=

in advance for use in obraining an
an criginal-gray sczale imagas in this system.
To express 51 tcnal ranges in densitv intervals of 1/4 in

15, two zypes of spot patterns are used. These

o
(4]

o}

o

v

l_l
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o

a
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[ 1 4
1]

W

h

spot vattern® and zr= set up for each of th
SpoT patterns are SeT up &S a pattern consisting of black pixels
irn an aresa of feour pixels by four pixels for a total of sixteen

arcs of this Specification, the area
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ccmzosed of Zour pixels by fZour gixels in which each of these spoc
patterns is 3et up is called an "MGT spor.*

Ar. "intermadiate spcoct patzern" is a spot pactarn used for
axprassing the multiple Tconal ranges In a gray scale image when
host computer 10 convarts an entersd gray scale-image into a
raster image, as will be dasgribed in detail latsr This
intermediate spcr pattern, wnich allccates a black level or a

whits level to each of ths siiteen pixels in an MGT‘épot patter
has a totsl of sixtesn bits in Zhe amount of its data. The number
cf tonzl ranges which can ke expressed by the numbsx black
pixels s essentially sixtsen tonal ranges. However, this

numnber of tonal

rangss four times as many as ths above-mentioned number of the
assential teoral ranges with tonal range data ambedded in an
arrangement of black pixels in this intermediate spot pattern.

An "output spot pattern" is a spot pattern for converting in
intermedizte spot pattern Iin a raster image when the printer
prints cut a raster image Zrom host cocmputer 10, as described
later. In other words, this output spot pattern has tonal range
data embedded in an arrangemsnt of black pixels of an intermediate

spot pattern, the tconal rangs data
number of pieces of black ar=zas at

as the

intervals of 1/4 of a pixel,

and the side of black area faithfully ex (presses the density.
For exampls, tha four tenal ranges fxom the density 1 to the

density 2 by

-

/4 densities

W

black pixels is two iIn the interme

shown in Fig.

2({a). The number oi

ate spot pattern, but the
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arrangement of the black pixels is different for =zach tonal rang
emceddad in this arrangamaznt. The corrssponding output spot
pattern has the embedded tonal range made kinstic v th; black
avea for 1/4 pixel zo one pixel. The size of ths black area
aichfully expresses the dansity Ircom to 2 in 1/4 pixel
incrsments.

Thus, the utilizaticn of an intermediacs spot pattarn with
tonzl range data a2mbeddscd ir tha.black pixel arrangement greatly
reducss the amount of da in the raster image to k& processsed by
a printer in compariscn o the ultimate haif-tone image which uses
an cutpult spor pattern., , ;

foraovex éle differsnce berwesn the intermediate spot
vatzern ard tThs outpuc spot pattern is setf in such 2 wmanner thac
zhe differenca will be within chree pixels in teymg cf the
difZIsrance in pattern and within cne pixel in terwms oI ths

ifZzrence in density. 3Secause oI this, side effects are very
>
small wnan the diameter of cne dot iz as small as 40 pn®, even if
& cenversion has been errcnecusly made of a parc which was not
inzended fox convarsicn.

The
the laft
includes
porcion i
case, ths

L4

6 shows an cutiine of the image processing operation
printer will perform in this system.
printer receives zan inpuc cf 3 raster image as shown on
side of Fig. 6. 1In some cases, such a raster image
poth a half tone portion, such as a photograph, and a
n black and wnica lavels, such-as line images. In such a
half-tone is exprassed by an intermadiate spot pattern
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s,
expressed by the ordinary lins image pattern 7

Wren a raster imacgs Lixz this is entered into a printer {(for
example, & laser printer}, che printer dstects intermediate
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The printer then arpiiss this cutput spot pacttexrn 9, together with
the pattern 7, as driving pulses to a light emitting diode, which

is used as arn Image drawing lasser unit. BAs the result of these
mages 2s 2 phctograph in a natuxral renditicn in multiple

Tonal ranges while the >ins images and the like axre expressed

- . e

han I 3 S = - -~ ~R - 3 S Y - - H
Fig. 5, it is recessary tc discinguish between intermadiate soot

Datzern 3 and patctern 7 for line images and the like in the inpuc
raster Image. OCnes of the Indicators which can 22 utilized for

genarally be isolated for th2 individual half-tone c¢ells as shown

in Fig. 1. On the other hand, a dark black pixel patterxrn forming

a line image or che like should be connectad from the starting
point of a line to the end point. Therefore, as described in

- 23 -
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To maks ths above-mencionad diztincticn possible, the host

golacted

'-l-

compuber must set up the intarmeciate spot patterns to ka

frcm one another as nmuch 3s peasible on the raster image wnen

convarting the grzy scale image intc a raster image. To attain
this setup, certain restrictions: ¢n the arrangement ¢f the MGT

spo: partearn on tre image and the type of the usable spot pattern
are imposed. Figs. 7{a) cthrough 7(g) show variations in the
arrangement oL the MGT spot (the arez enclo in the thick sclid

intexmedizce density arrangemsncs in The ractangulax shape
irdicated in a broken linz in thess Figs. shows the size and

inclination (screen angle) of the half-tone c=2l1l at the level ol

eacn sSpcT.

isolated, the most dense arrangement shown in Fig. 7(a) does noc:
allew the usa of the pattsrns other than thoss in the 29 tonal
ranges from the density 1 to the density 8 shown in Figs. 2(a)-{(d)
ané 3{z)-(d). For any cansity darker than §, this arrangement
cannot isolate intermediate spot pattexns from one another so the

tcral ranges which can be expressed will be eight tonal ranges
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darkar-tones. Moreovar

range
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of
largex

multiple tonal

range expression
the influence

iple tonal range-

expression can be produced i1s limited to a ranga of pale tones.
On the other hard, the mors dense ths arrangement of zpots
is, the smaller the size of the nalf-tone cells 11 be.

Specifiically, the scraen pitch will be narrowar,

25

and th
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he —aser priazer 20 hzs nalf-zone convarting unic 21, which

ves a raster image from host computer 10 and converts the

13 of host computer 10 will be describsd in detail below with

refarsence To Figs. ¢ through :138(e}
is shown in Fig. 2, rasterizing unit 22 applies maximum
threshold value macrix 33, mininmum threshold wvalue matrix 33, cr

3
ahihrd

Y
Eerxs, the maximum threshold wvalue matrix 33 is a converting matrix
concaining a statsment of the densitv threshold value for
pecifying black Zor che individual pixels of the gray scale irmage

21. Morasover, the minimum threshecld value matrix 35 is &

convercing matrix which contain a statement of a density threshold

value for spacifying white for the individual pixels of gray scale

the MGT spot shown in Figs. 7(a)-(g). Specifically, the sizes of
maximum threshold value mat>rix 33, and minimum thre

macrix 35 will be determined in such a manner that the spot
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arrangement shown In Fig. 7{a}), six pixels by six pixels in the
arrangement shown in Fig. 7({(b)}, ‘ten pixels by tsn pixsls in the

oixsls in maximun thveshold walue matrix 33 {81} IZ the resuic
of zhe compariscn reveals that the gray level is Largsr than z

f
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wicth ths minimum threshcld value of the corrasponding pixels in

the minimum thregshold value macrix 35 (8§5). If the result of this

D
a1
(1
jhg
W
3
o
=
'—l.
ja]
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scn ravsals that ths gray lsvel is small

0

Je

cmpe

[}

threshold value (57), thes pixel ares specifisd as being white

(8175 .
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wWwhen the gray level is nct larger than the maximum threshold
value and not smaller than the ninimum threshold value, then ic is
dezerminad whether ¢r noct ths pixels are any slamenc of the MGT
spet {895) If chis coperaticn resul:ts in the finding that

pixels are specified as being wnite (S17). W¥hen the pixels are

the elsments of the MGT spots then reference is to be made to the
intermediate spot pattern corresponding to the densiﬁy of the MGT
spot {S13}, ard it is decided whether the particular pixel is to

be specified as black or as white in accordancs with that

+

intermediate spot pattera (S13, Si3, and S17),

Now, & detailed descripticn will be made with respect to

-

racrangular area indicated by hatching is each MGT spct and the

rectangular area enclosed with che thick solid line is a threshold

relation in the spot arrangement shown in Fig. 7(g).

T step S$ are any

judgment whethsr cor not the pixels

4]

2lement of the MGT spot is to ke made on the basis of the position
of the MGT spot in the chreshold value matrix as shown in Figs. 11
and 12. Specifically, if any pixel in the threshold value matxi
cerresponding to a particular pixel is contained in the MGT anot,

it is judgad as an slement of the MGT spot.

- 29 -
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ribute matrix shows in Fi
Tzribute is assigned only to ths

w2CGiate spot pattsrn with the

appropriate method {for example,

1¢, the paximum thrashold wvalo

the minimum threshold valus mabrix

ané whit

2 original gray scale image are

n faithfully expressss the klack

1nd the like since ths black level

the maxisum

{at

threshold value MAY skown in
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Dixels are formed only in cthe MGT spot (i.e., the screan spot}
“hen a scrzen spot is formed only in an MGT spol, the spot
or~ ig decerminad as fsollows. Specifically, when the gravy

pattars T Y aray

-

speciiizd as white or klack in accordancse with the parcicular

Fig. 18 is an ocoriginal ¢ray scale image indicated in the
tonal range values for 256 tonal ranges. In general, the amount
cf changs in the toral range values between adjacent pixels in a

l1{-cone portion is 1 or less, as shown in Fig. 18(a). The tonal

(J

range values for cthis criginal grav sczle image are converted into

gray ievels on & scale ccrresponding to the densities (in a total
of €5 tonal rangas Exrcm density 0 to density 16) which are used

Zcxr the intermzdiate spot patterns shown in Figs. 2 through S, as

shown in Fig. 1g(b).
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Nren cThe marnimun chreshold valuz and the minimum thresheld
valuz shown in Fig. 17 are applisd to the gray scale imags shown
in Fig. i2{b), cthose pixels which are positioned in the vicinicy
of tha outer circumfervence, whers ths pixels ars late in chaix

ordzr, car be 3=t in white cr klack, but those pixels which are
in an area in the proximity of the center, whesre :zhs
pixeis are saxrly in cthelr ordexr, carnot be set in either whice or

blacks as iz is indicated by "?".in Fig. 18(c). Thearsfora, ths

For example, the gray level € + 1/4 of the pixel 25 with the

is z spot pacttern as shown in Fig. 18{(d4d) Accoxding to the spet
pattern in Fig. 18(di, eicher white or black 1s tec ke decidad fex
cach 0f tha pixels marked "?"., 2As tha rasul: of this cperation, 2
2acon 9 TS et

rascter imacs as shown in Fig. 13{e) can be obtained.

3y che processing operaticas described above, a gray scales
imagzs iz cenverted intc a raster image. This conversion has the

characteriscics described lkelow.

(1) A half-tone portion in a gray scale imags having any

o
{3
g
4]
o

grayv level zelow the maximum dencicy in a usable intermadia

pattern will be converted into a half-tone imags in multiple tonal
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edge cor the like of a graphic figurs in s half-tone portion is

ext, with reference tc Figs. 1S through 20(b), a dstailed

description will be made of half-tone convercing unit 21 in lassrx
Fig. 15 illustrates che hardwars construction of half-tons

Thz data in the same horizontal positions on ssvan

consecutive lines in a raster image received from host computsr 10
are put into seven units of six-stage shift registers 41 through

52, The data are synchrenized with prescribed shifc cioc!

]
3
a N

)

then shifted zo the rear stages of shift registers 4> through 53.
Here, the cdata present cn the Zifth stage (the stage indicated by
hatching) ocut of the fourch line, i.a., the line put into the

shift ragister 47 ars the data which are to be taken as the cbject
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four pixels v Zour zixals Iorming the same size as that of the

EIprEY %

transfars a sst cf data on the uppexmost foux, Linss frcm the shirfk
registers £1 to 47, a ss=r of data fcox ths sacond Zour lines as

- ad -

stage of the seven units of the shift registsrs <41 through 53 as

irnput inte it and checks the oocundary conditions Zor a dastection
diate spot patterrn as alrsady described above.

Thke check of cthe boundary condition is a check by an AND operation

tc detarmine whethey or not the black pixels in the four pixels by

cur pixels which are trangferred to decoder 59 are connected with

I

=rence of this arsa. - For

(gl

the black pixzls on the outer circum
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circunfersncs but are isclatad from them, and accordingly the
plack pixels in this area are datactad as an intermediace spot
patcsrn. On the etiher hanc, i & case as shown in_?;g 20(b), the
black pixels in the arsa are connecced with the black rixels on

umierence Indicatad by the marxk Z, so that the black

condition check iiks this. Moreover, in this embodimen:z, the

beundary cendition checkexr 57 chagks conly the: left and »ight

boundary conditicn, &s it can be understood on the basis of the
consiruction shown in Fig. 19. The results of-these boundary

condition checks are transfesrrad to the decoder G9.

53 correspend to any of the ermediate spot pattexns shown in
Figs. 2 through 5, and the data for the four lines entsred from
selaccor 55 are put into this logic circuit. This logic circuit

judges whether or not the Iinput data correspend to any of the
intermediate spot pactterns conly when the logic circuit has
received a datection signal f£rom boundary condition chackexr 57,
and when the logic cixcuit has found that the data correspond to

an intermediate spot pattern. The logic circuit puts out th

1]

input data as converted into data on

|l.

relevant objact data in the

- 37 -
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propar corrsspondence. Morsovsar, in any other case, this logic

As menticned abowve, sach time when the sat of data for the

obisct pixels after converting them in accordance with the output

conversiorn. The data oI the object pixels which have been put out
by zha logic circuit in raspzact sf the data set for the four lines
cf ths four types are kent once in dscoder 59, and, chsresafter,

ceccdsr 59 pucts out ths converted data, provided that the data

b

centzin any Gata converted in accordance with the ocutput spot

whan there is no

i

pactarn, but puts out the tarcet data as they ar

.J

converied data, as the ultimate object data in either case, to

4]

imags signal meodulating unit 81. Then, image signal modulatin
unit 51 medulates a laser driving signal, in accordance with the
ultimace daca sntered on the object pixels, for the formation of

Next, & lasar printer in a second preferred embodiment of the

l.l-
H
)

I

This prefarred emdodiment is a simplified system

Structure having a reduced numbexr of variations of the
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(CPU) 72, cdatz receiving unitc 73, which receives image data f£xrom
the nhest computar, program memory device 74, which stores a
prccgram for giving cemmands to CPU 72 with respect to operaticns
to bz performed, line data buififer 75, which stores the data feor
adjacsnt four lines, a DMA dsvice ghereinafte; referred to as an
image data DﬁA)l wiiich reads the image data out ci main memoxry
device 71 and transfers the data thus read to line data buffer 75,
horizontal p&s tien counter 77, which specifies the position of

the pixel to be put out of ths line date buffer 75, pattern

recogrnizing cevica 78, which recognizes a specific intermediate

or frem the data pattern of the pixels in the proximity of the
pixel datsz, icel signal modulating device 79, which modulates the
signals in accordancz with the result of a judgment made by
pattern rscognizing device 78, a set 80 of a lasear light emitting
dicde and an amplifying unit, which ceneratss a laser beam as
scanrnad nhoxizontally cn a photosenszitive material set in the laser

printer, scanning start position detecting device 81, which

g

detects the position for the start cf a scanning operation with
the laser beam, and clock generating unit 82, which generates a

- 39 -
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In Fig. 22 he reference number 101 denotes a random access
memcry (hereinafter referred to as RAM), which is carable of
writing and reading eight bits as one word at an arbitrarily

selacted address. The reference number 102 denotes a counter,

in

which indicatss the initial value of the RAM addrass at the time

-—raa

for the staxt of a scanning cperaticn and pexforms z circulatory
courting procsss for the scanning starc vesition signal 113,

reference number 102 denctes an zddress counter, which counts the
numpser of times of reading cperations and thes number of times of

writing operations performed of RAM 101, and the count output 108

15 To be connected to the address input Scr the RAaM 1i%i. Ths
address counter 103 is initialized by the count ocutput 112 from
the Initial address countar 102 with each scanning start pesition

signzl. On tha RAM 101, reading cperations are performed four
times for every eight periods of the dot clock, and a writing

e for che data occupying the same

~
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horizontal position and constituting the latest line read by the
image cata DMA 76 out of main memory device 71. The rafexrence

number 110 denctes a shift regiscar number counter, which performs

a circulatory counting process on the number of times of the



Tthhwﬂ&wBam

LTI

The refersncs numbers 104, 155, 106, and 107 and 111 are

registers for 1& bits, 15 bits, 14 bits, 13 bits, and 13 bits,

Morscvsr, the lesast significant eight bits of sach shift register

]
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&¥ number counter 110 wilil be

initialized by the valua of a RAM data input output bus 109 at the

In tha construction described above, the bit arrangements B¢
tc ¢ and 9 to 3 in an arsa cormposed of five pixels by-four pixels
including the pixels corresponding to the output position can be
in which the most significant four bits for each shift register

Fig. 23 presents a table showing the intermediate spot
patcterns to be dstected by the printer and the output spot

patterns corresponding to the intermediate spot pattexrns. The

iate spot pattern and the cucput
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l 4,
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spot pattern is seat in such a manner that it can be contained
within three pixels in a difference in pattern and within one

pixel in a difference inr density, in the same way as in the

- 41 -
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a2ffzct at an almesC non-recognizable level will occcux, if zt ail,
- . - 2 s

wnarn the diamecer oI cne 4ot 15 as small as 20 um™, =ven if a

converting coperaticn has bdszen errcnzcusly performad on any portion

not inzended for any ceornversion. Further, since the black pixel

intermediate spot pattern, no ccnversion at 3ll will be made, and
nc side effact will therefors be.produced, in respect of a
conzinuous doundary lins, such as a straight line, a curved line,

an edge of a lettsr, or cthe liks, which are liable to ths most

conscicucus sids sifscts produced by erroneous, conversion.

f=d

Fig. 24 is a circuic diagram illustrating an example of the

circuicry of pattern resccgnizing device 75.

-~

As shown in Fig. 23, thes pixels which, bkzing contained in an
intermadiate spot pattearn, are to be subjected to a conversicn
inCc an outpul spot pactern axtend on two lines, and the dattexn

racognizing device 783 is compossd of two circuits, namely, two

e e
-

‘.‘-

The refersnce number 201 is a circuit for identifying white

pixels in an MZT spot cocmmon to all the intermediate spot

this circult generates "1* if the condition is trus,
but generates "0" if the condition is false, in the identified
result output 202. The rsference number 203 d=notes a decoding
circuit for a pertion unique to =ach intermediate spot pattern.
211 the decoded output from this decoding circuit is prccessed for
its multiplicaticon with che identified result outpuc 202 to find a

- 42 -
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procuct thereof, anc, i1f the identifjied result output 202 is

false, each and zll of the decoded outputs will be Zalse. Pattern
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racognizing devic

wumber 301 denotes a ROM. The decoding signal
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302, which is put ocut of the pattern recognizing device 78, is
applizd to a lirne seizscting signal, and the corresponding output

spot pattern data {in eight bits) which are stored in each line

(rercinafter referred Lo as four-fcld clock), during the peried in
which the shift cperation specifying input 304 is true. Further,

the shift register 303 will always be initialized to assume the

d ecquivalent to two periods of the dot

o

to a peri

is put also into the select input 305 of the
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selector 306, znd, when the select input 305 is true, the selector
306 sz2lects the output from the shift register 303, but, when the
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select input 305 is false, cthz selscctor 306 se=lects a signal which

has oeen cbtained by dalaying the pixel values P2 and 1

signal Is §u: ocut as a modulated signal toc a modulated signal
output 208. This modulated signsl drives the laser light emitting
dicde 50.

Next, a modified structurs of the sacond preferrsd embodiment
cf the present invention will bs dascribed.

§ lllustrates the construction of a pattern racognizing
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devics in this modified .structurs. This patisrn recognizing
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device has an dutput odesition deteéting cirer

construcilon shewn in Fig, 24 In the folleowing parc a,
description will ke made of the pattern recognizing device chiefly
with reference to the constructicn of this output positic

-~

The refzrence number 403 denotes a counter which performs a

referred to as a hoxizontal position counter), applying 4 as the
civisor. The herizontal positicn counter 493 will be initialized
to zerc by & scanning position start signal. The less significant
portion of the count output ¢f this horizontal position counter

erence number 40S while the more
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ignificant portion of the counc output is indicated by the
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nexizontal synchronizing signails

the line buffer 75 {hrersirafcer referred to as a vertical positicn

ccunter) The horizontal position counter 404 will be initialized
at the time of the start of a printing operation. The less

sigrificant vecrtion of the count output f£rom this hcrizontal
posicion counter 404 is indicatad by the reference number 407
wniis the more signiificant portion of che count output 1s

incéicated by the reifsrence number 408.

which judges whethar cxr not the positions of the coordinates foxr

w>

the cutput 20 and 0 Zrom the line buffer are any multiple of
botn in the horizontal direction and in the vertical direction,

and the reference nurber 401 is another logical produsgt element,

wnich judges whsther or not the positions of the cooxrdirates for
the cutput 21, ¢ fxom the line buffer 735 is any multiple of % both

in the horizorntal direction and in the vertical direction.

.- - - .y - » - - - o . .- :

The construction described in this modified example is
capable of increasing the number of the MGT spot patterns as
compared with cthe earlier example of embodiment, as shown in Fig.

27 {i.e., an increass in the number of spot patterns coxrresponding

to 1/4 to 3/4 in density) by applying the logical product cutput

0
h
cr
sy
W

detected outpuc from these two logical product alements 401

and 492 and the identified output from the two identifying
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‘rovits 201 and 201 mentioned above as an inpur te the dscoding
ircuits 203 and 203 mention=d above,
Fig. 28 shews an image signal modulating device in another

modified structura cf che second ambodiment. The image signzl
mocdulating device is formed in a construction wicth a convertin
arza limiting circuit added to the censtruczicn shown in FPig. 25.

in the fo:ilowing par:t, a description will ke made of this image
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sigral medulating device

The refersncs number 5035 denotes a DMA davice {which will bs
to as the masx daca DMA), which transfers one
*
word of mask data co the shift register 501 each time the shift
register 501 consumes one word. The reference number 503 denotes

an Initializing signal for the shifc register 5Ci, and tha

axpress a prescrided mask pattern in I to 1 corraspondencs for
every pixel in the image data tc be taken as the object of a

n the value "1" indicate a conversion

[

ata

[+ 8

cenversion, and mask
of the cocrresponding pixels cf the image data, and mask data in

the vaiue "0" indicate that no conversicn cf the image data is to

0

“he shiiIlt register 301 performs a shif:t coperatiom for

zvery one dot clcck and puts out the mask data one bit at a time.
With the logical product of tke bit of the mask data thus put out
and che ouctput £rom the pulse sxtending circuit 307 being used
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[T

ao @ oclccs oignmal, it ig poooible o cauoc o converaion not

Furcher, a similar function as this can be realized by such a

{b

values with a value set in advancs, thereby detecting zan arxea to b

converted.

The examples of preferred embodiments described above are

appiied to a laser keam printer, but it goeas withourn

m

. saving that a similar eZZect can be produced by using a gimil
. ’ $

circuit to the control of an elactron beam in a cathods ray

LR 1=

}e

as described above, the present invention wmakes it

possizle to express multiple tonal ranges with a sma2ll amount of

(Y

The foregcing description of preferrsd smbodiments cf th
invention has been presented for purposes of illustratcion and
description. It is rot intended to be exhaustive or zo limit th

invention to the precise form disclosed, and modifications and

'1

variaticns are possible in light of the above teachirngs or mav be

acquired from practice of the invention. The embodiments were
chosen and described in order to explain the principlss of the

N ‘

invention and its practical application to enablz one skilled in

o

the art te utilize the invention in various embodiments and with
various mcdifications as are suited to the particular use
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system as

2 A muitisle ctonal range T
defined in claim ., wherein

tha rasterizing mesanz Includes a dither mactxix, having che
detected spot arsa ocatad in a prascribed position in a procsss

n whic

"
(>
T
o
1)

the raster imags,

patIsrns as much as possible on the

image intc

spot

3 A multipie CZonal range image processing system as
cefined in claim 2, wherein
The dither matrix includes a maximum

for

individua

:hresho d valuve tatrix,

v s
1 pixsls

Zor sscting the gray level at a largexr cna of the binary value
densities, and

a2 minimum thresnold vaiue matrix, which determines
minizum threshold values for Individual pixels fcr setting the
gray level defined abcve at a smaller cne of the binary value

nsiciss
and tike minimum threshoid values having a sma

tne detecte

within

i : PR
Tl c2te area.

cted spot

ller wvalusa

shcld values

for pixels

¢ spct area than a value for the pixels outside
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< A mulitiple conal rangs imags PXOCSSSing System as
definsd in claim 2, wherein
the dither matrix inciudes a maximum thrashold value matrisx,

ual pixels
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a minimum threshold value macrix, which determinss the

minimum chresnold values for indivi

are determined so that the maximum threshcld values ars larger
Ehan The minimum threshold values fcr at least some pixals in the
",

detscced spot arza and chat both of the thrashold values being

identical for any pixels other chan those in the detected spot

the rasterizing nmeans s=lects an intermediaks spot pattexn
corrssponcing Lo a rapresantative gray level in the datected spot

pixel in the dstected spor axea has an intermadiate gray level the
density of which cannoc ke determinad on a basis of either o
maximum threshold valus matrix and the minimum thresheld valu
matrix, and determines the density of a pixel having an
intermediate gray level in accoxdance with the selected

intermadisa

r

e sSpot pattern.
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spot arsa and using tihe selected gray level as a representative

grav lesvel.

S A multiple fonal rangs image processing svstem as
dafined in claim 2, wherein
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aceeréances with

he rasterizing means converts the gray scale image into the

rastaxr image, selectively us irg cne of the plurality of the

plurality of dither matrixes.



e IhsShuxHhsBum

llllllll I O | mm”m"mm“m

a
valus nazrix, which decermines maximum thyxeshold values Zox
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indivicdual pixels Zor setting the gray level at a largex cne o

~“ne paximum Shreshold values and the minimum threshoid wvalues

being dztermined sc that the maximum threshold values are larger

arsz out cf ths plurality of intermediate spot patterns when any
pixel in the detected spet arsa has any intermediate gray level a
densizy of which cannot be determined on a basis of either of the
maximum thresheld value matrix and the minimum threshold value
matrix, and detesrmines the density of a pixel kaving the

intermediate gray level in accordance with the intermediate spot -

pattern thus selected.
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or converring a gray scale image into a hal
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tecne image having 2 spot area cf a2 prescribad plurality of pixels

rasterizing prccess for generating a raster image of =z

correspondineg pixel cf which has one ¢f a prescribed binary valuse

dsensities in accordance with & gray level of the pixels in the

haif-tcne convarting procsss for deteciing a spot area

fu
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uraiity of intermediate spot patterxns out of the
raster image and cconverting the one of a plurality of intermediate
spct patterns of the detected spot area into a corresponding one

cf th2 plurality of output spot patterns, and

the plurzlity of intermediate spot patterns are spot patterns

which logically express the plurality of multiple tonal ranges by

",

combining pixels which can fake only binary value densities and

also by varying the arrangement of the pixels.
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