DESCRI PTI ON | MAGE PROCESSI NG METHOD, PROGRAM THEREOF, AND | MAGE FORM NG
APPARATUS TECHNI CAL FI ELD The present invention generally relates to an

i mage proweveengesvet hod, a programthereof, and an i magechgemiongioagpar at us.
BACKGROUND ART As an inmage form ng apparatus such as a printer, a
facsimle, a duplicating apparatus, a plotter, and a multifunctional

appar atus conbi ning the printer, the'fdcginlle and the duplicating
apparatus, there is an inkjet recgggtﬂgh ?{atus The inkjet recording
apparatus includes an inage form i'ch ejects ink droplets of
recording liquid and can forman i mage on a recordi ng nedi um such as a.
paper by ejecting the ink droplets fromthe image formng unit on the
recording medium In this, the image form ng signifies imge printing,

i mge r ecaMAGRgPROEESSI NG IMBRTHOPD, HROGRAYHERAESE erANpgIMEEE sEeRMINEge
form ng apparatuses, there are a serial type imge form ng apparatus and a
line typeapprgaTHigr m ng apparatus. The serial type image formng
apparatusfornms one line of an inmage by noving a recording head in the width
directd on of .a recordi ng nedi um (nmain scanni ng dlrectlon) once or several
times and forns a next line of

TECHNICAL FIELD

The present invention generally relates to an
image processing method, a program.thereof, and an image
forming apparatus.

10

BACKGROUND ART

As an image forming apparatus such as a printer,
a facsimile, a duplicating apparatus, a plotter, and a
multifunctional apparatus combining the printer, the
15 facsimile, and the duplicating apparatus, there is an
inkjet recording apparatus. The inkjet recording apparatus
includes an image forming unit which ejects ink droplets of
recording liquid and can form an image on a recording
medium such as a paper by ejecting the ink droplets from
20 the image forming unit on the recording medium. ' In this,
the image forming signifies image printing, image recording,
letter printing, and image transferring.
Of such image forming apparatuses, there are a
serial type image forming apparatus and a line type image

25 forming apparatus. The serial type image forming apparatus



an image by carrying the recording nediumin the recordi ng nmedi um carrying
direction (sub scanning direction) . The line type inage form ng apparatus
i ncl udes wol2o0%212669pe recordi ng head whose i nk dropl et ejpeTtiPrige/Bmsdd €s ar e
di sposed in alnost all width direction regions of a recordi ng nedi um and
forms an image on the recordi ng nmedium by carrying the recordi ng nmedi um

wi t hout noving the recording head in +h2 width direction of the recording
medium In the case of the serial type inage form ng apparatus, the

recor di ng fopmed dre ddtrer Mhah Bynags SUTH G 2aks n% N5 died,
nozzl e density, a driving frequency which fornms dots, a sub scanning
direction t3pead,dtandiisean.on of i sceasdino meddem t(matak e admninacor di ng
speed high, it is preferable that the recordi ng head be noved once to form

one |ine of;j artdimye ot X aB}era Wheihnet drthg®rose reesol liiord n the
sub scanning direction is 300 dpi is formed by using a recordi ng head whose

To densrtw. i > 2 ! : ‘ :
nozzli e de ﬁ{nglﬂae%d%%gccge&%l eérﬂé‘\‘?\%éﬁoxt&l%d HRGE R P& HOTReh Ry Vi ng

t he recor we en an i'mage whose resolution in the sub

i ng direction is 600 dpi i.s. f i | : i whi ch th
oo aP gAY e iy B eSS (i, R | AELAVGHET ik thich the

recordrng

recording nediumis carried once in the sub,sc%pgiqg direction, nust be
execut ed. TH® fvRe, inage (I nqppparatus includes’ a line type

recording head whose ink droplet ejecting nozzles are
disposed in almost all width direction regions of a
recording medium and forms an image on-the recording medium
10 by carrying thé recording medium without moving the
recording head in the width direction of the recording
medium.
In the case of the serial type image forming
apparatus, the recording speed is determined by resolution
15 of an image to be formed, nozzle density, a driving
frequency which forms dots, a sub scanning direction speed,
and so on. In this case, in order to make the recording
speed high, it is preferable that the recording head be
moved once to form one line of an image. For example, when
20 an image whose resolution in the sub scanning direction is
300 dpi is formed by using a recording head whose nozzle
density is 300 dpi, one line of the image can be formed by
moving the recording head once. However, when an image
whose resoluﬁion in the sub scanning direction is 600 dpi

25 is formed, an interlaced system, in which the recording



speed is naturally higher in a non-interlaced systemin which the recording
head is noved once in the main scanning direction than in the interlaced
system Iwoadeisedn, as nethods to form an i mage of oneplirge2dosy3toees mai n
scanning direction, there are a one-path recordi ng system which forns an

i mge of one line by noving the recording head once and a nulti-path
recordi ng system which fornms an inmage- & -one |ine by moving the recording
head plural tinmes. The one-path recording systemnaturally forms the inmage
at hi gher hepded st haretdhewnukt inpahh medor dcagnspst direpbwereprndwias

pi ezoel ectric elements are used as a pressure generating unit which

gener at es raboirBk ndr ARkeUNEjiecthRrgibar eacenia theosdbngcheadngt here is a
limtation to making the nozzle density high. Therefore, when an image is

formed by 4 %c?@%npagﬂsQOQe %@Eh@%@q syskeRforle k@sOokdtiordial the i mage
i's |neV|ta y lowere I'n or er to solve this problem a nethod in which

one P xel b2 efiIPda Y niShel 981 S hplaRlea 034l A HReR hapge qual ity

hi gh. As r exanple re are a nethod in
whi ch the size of -the dot |ts IS chaQ% %g i n.which onegplxm

i s forfredvhy <8 &0 F§OTGHAI ﬁ&@ll&opg Engenéph IWaWngﬁFﬁg
concentration of ink itself is changed. A high quality %e can be forned

for an i mdgeestdiorash@mhiot sGeaphtey lasiedy Syivd eyl tIIn| é‘\?élll d6Ps; Aowever,
methods to form an image of one line in the main scanning
direction, thefe are a one-path reéording_system which
forms an image of one line by moving the récording head

10 once and a multi-path recording system which forms an image
of one line by moving the recording head plural times. The
one-path recording system naturally forms.the image at |
higher speed than the multi-path recording system.

ﬁowever, when piezoelectric eleménts are ﬁsed as

15 a pressure generating unit which generates an ink droplet
ejecting force in a recording head, there is a limitation
to making the nozzle density high. Therefore, when an
image is formed by the one-path non-interlaced system, the
resolution of the image is inevitébly lowered.

20 In order to solve this problem, a method in which
one pixel is formed by multi-level dots is used so as to
make image quality high. As for the multi-level-dot method,
for example, there are a method in which the size of the
dot itself is changed, a method .in which one pixel is

25 formed by ejecting plural small dots, and a method in which



the multi-level-dot nmethod is hardly effective for letters and graphics. In
the case of the letters and the graphics, the dot size nmust be |arge enough
to fill twe b@ckeground part. Wien a snmall-size dot is upedgprdoesioeed ers and
the graphics are fornmed with | ow concentration. Consequently, in a binary

i mge such as letters and graphics, a problempeculiar to the | ow
resolution occurs. Especially, in thecase of the letter, letter quality is
degraded and the letter is hardly readable. A relationship between the
probl em pegel cahcko tirhe iloawofedalkutiterldndst kbamoegerty of ink is explained
in detail. In an inkjet recording apparatus, an inmage is represented by
dots which dots are A of dﬁhlaiﬁ(}atir:ﬂagesrme Hen fdmemedi fows cannimegyedi recti on
(scanning direction of the recording head) and in the sub scanning

di rection (paper Caar%%%@%fi%gﬁ%% 0l i Y €fe | Su2Et bogeBal dbesthaowaiver,

scanni ng Firection. etter 1s printed by using dots, letter quality

greatly depends on the resplution of .the | etter ri i r..exanpl e,
when a | et r“‘iusl%ﬁr“hﬁvee&_éﬁxt ﬁr@%}’é)gollust ﬁgﬁ%&&eg&t&%ﬁﬁ&t hf%trﬁ(uir%g%rgf dg'Ps
is four tines as-many as that at the resol uti of 300 QB{; therefore a
finepabt @ REAPBICE- cal IS &Fsss&ft &&e é@%&@qﬁf‘er‘?‘ﬂ R RS rqual ity

beconmes excel l ent. Especially, at a slanting part of tHe letter, the nunber
of dots irdreeakds size must be large enough to f£ill the background

part. When a small-size dot is used, the letters and the
graphics are formed with low concentration. Consequently,
in a binary image such as letters and graphics, a problem

10 peculiar to the low resolution occurs. Especially, in the
case of the letter, letter quality is degraded}and the
letter is hardly readable.

A relationship between: the problem peculiar to
the low resolution and the property of ink is explained in

15 detail. In an inkjet recording apparatus, an imageAis
represented by dots which dots are formed in a matrix shape
in the main scanning direction (scanning direction of the
recording head) and in the sub scanning direction (paper
carrying direction) which'is_orthogonal to the main

20 scanning direction.

When a letter is printed by using dots, letter
quality greatly depends on the resolution of the letter to
be printed. For example, when a lettér is printed at the
resolution of 600 dpi, the number of dots is four times as

25 many as that at the resolution of 300 dpi; therefore a fine



(or decreases) in a step shape corresponding to the resolution. On the

ot her hand, when a letter is printed at the resolution of 300 dpi, a jaggy
line i s nwDi2o@ainbe@r Separately, when ink which easily pecetpzuesioeed 0 a
paper is used, jagginess is not noticeable; however, when ink which hardly
penetrates into a paper is used, for exanple, when pignment type ink is
used, the jaggi ness noticeably appears ®specially at | ow resol ution
recording; with this, the letter quality is lowered. In an imge form ng
appar at us pasitngfa thaséet teat lvags beo repdgsentre | a§gnsessieatd di $&osed in
Pat ent Docunents 1 through 3 . In Patent Docunent 1 , an image form ng
appar at us 1shitelt puantisyabdomegs Rxoedilegtpl uEspecdladd yjotat iancl udi ng bl ack
dots is disclosed. The image form ng apparatus includes a dot data '

gener at i NG 14Rith ek t0SFe ML dbitlear,y téhel ndiabe rofo et L almyrda@ed ng the
i mge data, a storing unit which stores the dot data, an edge dot

det er m ni rk%rurgetcr\@%is%%)gg_tneram&ee ack edgee ?)to%cﬁfi?x%i _Ltioo(r}g% at a contour

part (outline part I mage to be printed from bl ack data stored in

the storing unit,. and ul ati.ng unit, which nodul.ates .t he dot data so

t hat tﬁe i @gu&ﬁotnhebl%é‘cn&qfd&éth(fgi i’aélr?d dors &t qtelin%eg"tﬂhlesr %crcﬁnc;cres?{j1 éa?e
smal l er than the size of black dots other th%n t he bl ack ed%svdots. [ Pat ent
Docunent Lthe ry@sededd omatcdnt3 A dr3gogs3899Y Line 1s noticeable. '

Separately, when ink which easily penétrates into
a paper is used, Jjagginess is not no£iceable; however, when
ink which hardly penetrates into a paper is used, for
16 example, when pigment type ink is used, the jagginess
noticeably appears especially at low resolution recording;
with this, the letter quality is lowered.
In aﬂ image forming apparatus using a laser,
methods to reduce the jagginess are disclosed in Patent
15 Documents 1 through 3.
| In Patent Document 1, an image forming apparatus
which prints an image by using plural color dots including
black dots is disclosed. The image forming appaiatus
includes a dot data generating unit which generates binary
‘20 dot data of each color forming the image data, a storing
unit which stores the dot data, an edge dot determining
unit which determines black edge dots positioned at a
contour part (outline part) of an image to be printed from
black dot data stored in the storing unit, and a modulating

25 unit which modulates the dot data so that the sizes of the



In Patent Docunment 2 , an inmage processing apparatus is disclosed. The

i mage processing apparatus includes an edge shape pattern storing unit, a
mul ti-1 ewsb 20@s/12pdonel pattern storing unit, an edge shapeTpRLEBI606
determining unit, and a nmulti-level dot pixel pattern selecting unit. The
edge shape pattern storing unit stores plural edge shape patterns for a
target pixel. The multi |level dot pixelepattern storing unit stores a high
resolution nulti-level dot pixel pattern to execute a snoothing process by
a multi-| élelckdedgsi ¥elt sognsudoteoofedPen@thg odRrSdge SsIfaPd 45t t er n
which is stored in the edge shape pattern storing unit.. The edge shape
pattern defrarmthengiwe tofdétleck mked sawtégge tdhrapa hgattlerak fagige o ttsar get

pi xel fromthe plural edge shape patterns stored in the edge shape pattern

storing unit for an jppdntbimeFuménBmge] Jdisaradd ipdteaed Nio! Poxes3pattern
selecting unit selects a specific nulti-level dot pixel pattern from high

resolution milti-|evgl satel XeloBRAETNS S Offhd bidiedaldg | evel dot
pi xel storing unit based on an edge shape pattern determ ned by the edge

shepe, Bt Lot SRS 108 Adn | oA aD BRI o lPIAGaR o ¢ oer
apparatus iinscldtidsecsl Oasnede'dth(?shian;;aeg%Jt%rengnngst%pﬁ%rgatu%%ti,ncg lfrgu Stia--level

dot pixel pattern storing unit, an edge shape pattern»
determining unit, and a multi-level dot pixel pattern
selecting unit. The edge shape pattern storing unit stores

10 plural edge shape patterns for a target pixel. The multi-
level dot pixel pattern storing unit stores a high
resolution multi-level dot pixel pattern to execute a
smoothing process by a multi-level dot pixel output,
corresponding to an edge shape pattefn which is stored in

15 the edge shape pattern storing unit. The edge shape
pattern determining unit determines‘anvedge shape pattern
for the target pixel from the plural edge shape patterns
stored in the edge shape pattern storing unit for an input
binary image. The multi-level dot pixel pattern selecting

20 unit selects a specific multi-level dot pixel pattern from
high resolution multi-level dot pixel patterns stored in
the multiflevel dot pixel storing unit based on,ah edge
shape pattern determined by the edge shape pattern
determining unit.

25 [Patent Document 2] Japanese Laid-Open Patent



storing unit, a detecting unit, and a dot dianeter correcting unit. The
storing unit stores plural dot patterns in which white dots exi st anong
bl ack dotwoaneb/idadsa whi ch variably correct so that the sczgprmivesiveodot

di anmeter of black dots is smaller than the current size beforehand in a
manner so that the plural dot patterns correspond to the data. The
detecting unit detects a dot pattern eqéat to a dot pattern of input dot
i mge data fromthe plural_ dot patterns stored in the storing unit. The dot
di anet er dﬂm9¥k949&PQuN9'\kﬂﬁ%ﬁé%}warects so that the size of the dot

di aneter of black dots is smaller than the current size for the input dot
i mage data based on ImePafgnt sherwrehh $hedRtUP3FR) EMiingherPRAr2fwal dot
pattern is detected by the detecting unit. [Patent Docunent 3 ] Japanese
Pat ent No.is35R1sk5o ddodvev éthe alnjaagy yEaonimer ta ppp tasotndlragyudéss ey | bed i n
Pat ent Docunents 1 through 3 cannot be applied to an image form ng

appar at us W ihhd Qide: A ideaestingsinie | iadroplet diedteaor di ng i qui d.
That is, the above technology is effective for an image form ng apparat us

ch ag an. d it gty ¢ i iof i mal | dot
such ag andERpri Y &y ANd SRR d heliah pRed it S s

nost no expansi on of dots on nor.nmal paper because
{oners eSS AL SRS 50 AIDPLER Mtiel NN 11 the
- data which variably correct so that the size of the dot
diameter of blaék dots is smaller than the current size
beforehand in a manner so that the plural dot patterns
.10 correspond to the data. The detecting unit detects a dot
pattern equal to a dot pattern of input dot image data from
the plural dot patterns stored in the storing unit. The
dot diaméter correcting unit variably corrects so that the
size of the dot diameter of black dots is smaller than the
15 current size for the input dot image.data based on the data
stored in the storing unit when an equal dot pattern is
detected by the detecting unit.
[Patent Document 3] Japanese Patent No. 3531454
However, a jaggy-correcting technology described
20 in Patent Documents 1 through 3 cannot be applied to an
image forming apparatus which forms an image by using ink
droplets of recording liquid.
That is, the above technology is effective for an

image forming apparatus such as an LED printer and a laser

25 printer in which specified small dots can be obtained with



and the wavel ength of the |laser can be adjusted finely, a dot of a
specified size can be fornmed at a nost appropriate position. Therefore,
t echnol ogyocass/faesvappl ied to the |aser printer. On the etwgr2dasmisoerhen
i mage form ng apparatus using recording liquid is conpared with a |aser
printer, in the inmge form ng apparatus using the recording liquid, ink
| argel y expands. In addition, when the g mage form ng apparatus using
recording liquid is conpared with a laser printer or an LED printer, in
i mage for@lRgsappar akpsngdiong ofhelotecondengolringldi gapsirnbeciatispeeds nore
time to forma dot, it is difficult to have various dot sizes which are

changed b%o%@?sn%ﬁg%% A itthailerath o doi vm@rpllkses ader usgda dilinvi ng
cycle, and a tew dot sizes can be used at nost. In addition, an LED prin

or a laser printer ¢an. change 4 dob pas,tisamdeehdlel Wali%shiogehysiit ianpi xe
however, |H1 hée “irage formng apparatus using the recording liquid, the

position is determ ned at an st .fixed Shil N pixel d .cannot
changed r éPst i% V’afvreg@rkgtlgh qatjhg?‘ﬁ RECEY § atbeent(:g1 I‘ICI;lB-'%Icaintf)?L ej}qaffl i mage

| oast Bt < et % FoPRARK LT PR SRS L 41 BONG (08 RRP S a
| etter or graphics are fornmed to have a snmaller size than dots at a part
ot her t hampdsie istrep- shepmfore, the technology can be applied to the
laser printer.
On the other hand, when aﬂ image forming
apparatus ﬁsing recording liqguid is compared with a laser
10 printer, in the image forming apparatus using the recording
liéuid, ink largely expands. In addition, when the image
forming apparatus using recording liquid is compared with a
iaaer printer or an LED printer, in the image forming
apparatué using thelrecording liquid, since it needs more
15 time to form a dot; it is difficult to have various dot
sizes which are changed by the number and tﬁe length of
driving pulses during a driving cycle, and a few dot sizes
can be used at most. In addition, an LED printer or a;
laser printer can change a dot position relatively freely
20 in a pixel; however, in the image forming apparatus using
the recording liquid, the dot position is determined at an
almost fixed position in a pixel and cannot be changed
relatively freely in the pixel.

In Patent Document 4, .an image forming apparatus

25 is disclosed. 1In the image forming apparatus, at least
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changing part; in addition, a dot form ng nmethod of the smaller size dots
is different in a slanted part of the outline part. [Patent Docunent 4 ]
Japanese weixdesdpesy7Pat ent Application No. 2004- 17546 | npaddpidoeBioceen Pat ent
Docunent 5 , an inmage processing apparatus is disclosed. The inmge
processi ng apparatus uses a snoothing nethod called an anti-aliasing

nmet hod. [Patent Docunment 5 ] Japanese- Laid-Open Utility Model Application
No. 3-113452 In addition, in Patent Docunent 6 , an inage processing method
is discloseds ki thetepagtapedcedsinggngerhot, whishnddean wuifiice a
snoot hi ng process is executed and is not executed are provided and the
snoot hi Ng RLRCRFS al et ed @Haphiesl atrkefsrard goaphives a [sRafléetr Document
6 ] Japanese Lai d-Open Patent Application No. 2004-17552 However, in the

snoot hi ng h al4l the anfiraldragi-nghamt hed, saepdesaddeed in Patent
Docunent 5 ,%éﬁﬂgé Fﬁggoutlﬁngkgért is formed by dots havf%g great nunber

Of 9radat | gnsyosLhe STROU L, £AR e, exetued il aeaurcal elycpfionever, e

processes a‘l'ong prdcessing tine i's requir erefore,

h hod -i s _not -sui | e for ntly pro [ '
the mefhod 19119" 396! 8.8 (Y ARG M PLOUSL g f ¢y apparatus

outline part.
[Patent Documen£>4J Japanese Léid-Open Patent
Application No. 2004-17546
In addition, in PatentrDocument 5, an image
10 processing apéaratus is disclosed. The image processing
apparatus uses a smoothing method called an anti-aliasing
method.
[Patent Document 5] Japanese Laid-Open Utility
Model Application No. 3-113452
15 In addition, in Patent Documentl6, an image
processing method is disciosed. In the image processing
method, two modes in which a smoothing process is executed
and is not executed are provided and the smoothing p&bcess
is applied only to letters and graphics.
20 | [Patent Document 6] Japanese Laid-Open Patent
Bpplication No. 2004-17552
However, in the smoothing method called the anti-
aliasing method, as described iﬁ Patent Document 5, since
the outline part is formed by dots having great number of

25 gradations, the smoothing can be executed highly



such as an inkjet recordi ng apparatus which needs high throughput . In
inkjet recording, in order to obtain a high quality imge, it is effective
to have mmoyogv@ae@ri ons for a dot and nake resol uti on hipghuritoeswess since
nozzle resolution is |ow caused by a limtation of a nozzle arraying pitch,
when it is attenpted to nmake resolution in the sub scanning direction
(paper carrying direction) high, dots ape-formed by plural scanning.
Consequently, recording speed is lowered and it is extrenely difficult to
real i ze beideutiaglelypeadwprent i nipeamd odriegisesesskeucPorl ekn agdder lo®dachi eve
both the high speed printing and the high resolution, there is the

fol |l ow ng F;f%tdgg@.in‘ghgtimies isakelgged.s fTheredowset, hthewmegdalditiisomatn t he
direction where restriction exists caused by nozzle resolution of a

recor di ng ngadARd A i blglptasOipidderddn iigeditesating) aghaa dhe

restriction does not exist. For "exanple, in a seri-al type inmage formng

apparatus, an inmage i.s.f.ormed w.t j s | WLt N j tjon where
hi gh resolitGbRcaR B&XIEL irfggré}nga%%ﬁg%%%#nkﬂ%grclgpln%te%eéj gf(;ltdllﬁg f requency
high with a- high driving frequency of a pressure generating unit w thout
changi dg tHEPEMYthgspeed (carriage novi ng speed) . However, in this case
since the resolution in the main scanning direction beconmes high, depending

on an : In inkjet recording, in order to obtain a high
quality image, it is effective to have many gradations for
a dot and make resolﬁtion high. However, since nozzle
resolution is low caused by a limitation of a nozzle

10 arraying pitch, when it is attempted to make resolution in
the sub scanning direction (paper carrying directién) high,
dots are formed by plural scanning. Consequently,
recording speed is lowered and it is extremely difficult to
realize both high speed printing and high resolution.

15 In order to achieve both the high speed printing
and the high resolution, there is the following method.
That is, an image is formed with low resolution in the
direction where restriction exists caused by nozzle
resolution of a recording head and with high resolution in

20 the direction.where the restriction does not exist. For |
example, in a serial type image forming apparatus} an image
is formed with high resolution in a direction where high
resolution can be realized by making an ink droplet
ejecting frequency high with a high driving frequency of a

25 pressure generating unit without changing the printing



angle of an outline part of an inage, the outline part is changed in a step
shape with high resolution and jaggi ness is not noticeabl e; however,
dependi ngworro@natéyer angl e, the outline part is changedrpcmigmbspeshape
with low resolution and jagginess is noticeable. Therefore, jaggy
correction is required to be perfornmed by a snoothing process. However, in
Pat ent Docunents 1 through 6 , a case i1n which resolution is different

bet ween the main scanning direction and the sub scanning direction is not
descri bed.spGeiks eqprentilage movtilng cpeeeht.i onal t échnol ogi es, a process for
snoot hi ng becones conpl ex due to high resolution in one direction, cost

i ncreases for instalddwereaddiin anals nemee,i esin@ndlpr irgsalgatiome imcr eases
caused by the increase in processing tinme. DI SCLOSURE OF THE | NVENTI ON The
present i RYRNLI0R NERNASAINE AR @i JD R inddhe igoblRfendindercenvent i onal
technol ogi es. According to enbodi nents of the present invention, there is

provi ded an | roc i 0 s 1 4 e
form ng aﬁﬁla?rlaréﬁgagf, pa}nn o\?\ﬁ’l clﬁgbgﬁhg{h?jghgﬁfilﬂﬁg%p spthgéé g&&q{ﬁﬁ%ﬂn&% quality

ot ovi o FRATRRGD 1 GRETHEnG TR o0 ST R T Rage Ak T BERR pur
froman i mage form ng apparatus which apparatus forns an i ma conposed of
pl ural dotis WPt noticeable; however, depending on another aégie,'g%e
| outline part is changed in a step shape witﬂ low resolution
and jagginess is noticeéble.
Therefore, jaggy correction is required tb be
10 performed by a smoothing_process.. However, in Patent’
Documents 1 through 6, a case in which resolution is
different between the main scanning direction and the sub
scanning direction is not described. Consequently, in the
conventional technologies, a process for smoothing becomes
15 complex due to high resoiution in one direction, cost

increases for installing additional memories, and printing

time increases caused by the increase in processing time.

DISCLOSURE OF THE INVENTION

20 " The present invention may solve one or more of
the problems in the conventional technologies. According
to embodiments of the present invention, there is provided
an image processing method, a program thereof, and an image

. forming apparatus, in which boﬁh.high printing speed and

25 high image quality are realized.



using droplets of recording liquid in different resolutions between a first
direction and a second direction which is orthogonal to the first
di recti onwobhes/ize@ge form ng nmet hod i ncludes the step ofcagPmotBrigoone or
nore of the dots to be converted by using an mx n" dot w ndow in which a
nunber of dots "m' corresponds to the resolution in the first direction and
a nunber of dots n" corresponds to theleesolution in the second direction,

when one or

nore of the dots near a step-shaped changing part of dots of an

outline part of theAqmurdizre awnmvaresd aft dhe mreaRand mnkahtds, In this,
the detected dot to be converted is a dot of a blank part of the i mage and
i s conver thdrientie preowdldedsiane idaige bubtkesrsincgheaetdioelc twd obne€ oamsnor e dot s
to be converted are dots of plural blank parts of the imge and are
convertediiAlye AatFAktl Yz udphut Ifroaddint iaRged MR reaRClepadat ulso be
converted is a dot of an inmage part -of the inmage and is converted into a

sl | Sl Zenidh: JBRERs (G eta%caﬁgggngﬁg{po@%roe A0l 4 DG taNyy Led are

dots of plura into a small

gé parts of the inm are conv

si ze

dot . | ddi t.i ,.th [ ] i d i 5.sel. .ed f. | | ki f [ 1
s?;e gaﬁspg%b%Pﬁngﬁﬁﬁgp§giégéggdghglgﬁaﬁﬁeeggbféﬁéggﬁég%é%ﬁf@h@eéogﬁesna

converted into the predeterm ned dot correspondjn

outline
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between a first direction and a second direction which is
orthoéonal to the first direction. The image forming
method includes the step of detecting one or more of the
dots to be converted by using an “m x ﬂ” dot window in

which a number of dots “m” corresponds to the resolution in

the first direction and a number of dots “n” corresponds to

-the resolution in the second direction, when one or more of

fhe dots near a step-shaped changing part of dots of an
outline part of the image are converted into a
predetermined dot.

In»this, the detected dot to be converted is a
dot of a blank part of the image and is converted into a
small size dot. - Further, the detected one or more dots to
be converted are dots of plural blank parts of the image
and are converted into.a small size dot.

In addition, the detected dot to be converted is
a dot of an image part of the image and is converted into a
small size dot. Further, the detected one.or more dots to
be converted are dots of plural image parts of the image

and are converted into a small size dot.

to the slant of the



part of the image. In addition, the detected one or nore dots to be
converted are converted into the predeterm ned dot corresponding to a color
of a dot wO 2vdw1266vage. Moreover, when the image is a | ecenpP2megmso@©ne or
nore dots near the step-shaped changing part of the letter imge are not
converted into the predeterni ned dot depending on the font size of the

|l etter image. Further, the one or norelBots near the step-shaped changi ng
part of the inmage are not converted into the predeterm ned dot dependi ng on
the resolution in tHea fadditifnecthortmd He s &Und HisekaGior & di ng
to anot her aspect of the present invention, there is provided an inmge
form ng appamratlukiwaisclo ff errl lars iizeage teonpédsed hefr , pltlvealdedeics elgy onsi ng
droplets of recording liquid in different resolutions between a first

di recti on @nchoreS@GRRA t& HRCIHDveMticth aire eohhegaral it d hed irst
direction. The inmage form ng apparatus includes a detecting unit that

det ect s Ogberﬁg{r%cg‘rﬁngp%‘:?oidgfq, %‘btr?ret o%%i%@n\é%r ked Ry M F @hdMght199fe W ndow |

in which _ corresponds to the resolution in the first
direction an%iaﬁn«nben of dots "n"corresponds to the resolution in the
second>di F&S & en™51% 'or nore of the dots near a step-shaped changing

art of dots of an outline part of . the imge. are converted. into a
Bredeternined dot. 1In addiéﬁon, the detecé%d one or more dots to be

converted are converted into the predetermined dot
corresponding to a color of a dot of the image. Moreover,
when the image is a letter image, one or more dots near the

10 step-shaped changing part of the letter image are not

. converted into the predetermined dot depending on the font_
size of the letter image. Further, the one or more dots
near the step-shaped changing part of the image are not
converted into the predetermined dot depending on the

15 resolution in the first direction and the second direction.

According to another aspect of the present

“invention, thére is provided an image forming apparatus
which forms an-iﬁage composéd of plural dots.by using
droplets of recording liquid in different resolutions

20 between a first direction and a secona direction which is
orthogonal to the first direction. The image‘forming
apparatus includes a detecting unit that detects one or
more of the dots to be converted by using'an “m x n” dot

A)Y

window in which a number of dots “m” corresponds to the

25 resolution in the first direction and a number of dots “n”



Accordi ng to another aspect of the present invention, there is provided a
program whi ch causes a conputer to execute the inmage processing nethod as
descri bedwehlosser2eédon this, the first direction is the noecmgpeiossmeoon of a
recordi ng head (main scanning direction) in a serial type inmage formng
apparatus and a nozzle arraying direction of a recording head in a line
type i mage form ng apparatus, and the ddcend direction is a . recording

medi um carrying direction (sub scanning direction) . According to the inmage
processi ngcamtdrmbndshd pitdgr aaHaridem iandhenhsqaaige doragtiiPrappdredt us in

t he enbodi nents of the present invention, when one or nore dots near a

st ep- shapeshec hangiorg peEt tthef catoutddme Earep-chagped Mg aimey ganterafed i nt o
a predeterm ned dot, one or nore dots to be converted are detected by using

an "mx n"qsto o ndpwhitl il gardthe Mukerirefgdeire lgdnwertespangs 4 0 the
resolution in the first direction and the nunber of dots "n" corresponds to

the resol ytj i ; qnd direction. Therefore, both high printing speed
and hi gh ﬁ%ﬁ%@”ﬁ%ﬁ%ﬁ??fggé real i zed. The features and advantages of the

presen | vent 0 AL esoue [ 2 8908t ol oo hepd bl oug cot el
acconpanyl{E%é¥€?g4¥ﬁ%here is provided a program which éauses a
computer to execute the image processing method as
described above.
In this, the first direction is the moving

10 direction of a recording head (main scanning direction) in
a serial type image forming apparatus and a nozzle arraying
.direction of a recording head in a line type image forming
apparatus, and the second direction is a recording médium
carrying direction (sub scanning direction).

15 According to the image processing method, the
program thereof, and the image forming apparatus in the
embodiments of the present invention, when one or more dots
near a step-shaped charnging part of an outline part of an
image ére converted into a predetermined dot, one or more

20 dots to be converted are detected by using an “m x n” dot
window in which the number of dots “m” corresponds to the
resolution in the first direction and thé number of dots
“n” corresﬁonds.to the resolution in the second direction.
Therefore, both high printing speed and high image quality

25 are realized.



BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.

1 is a schematic diagramof a part

of an inkjet recording apparatus which can formnulti-Ilevel dots according
to enbodiwenbh@/beosrhe present invention; Fig. 2 is a pl aoTapmos/efocas
the inkjet recording apparatus shown in Fig. 1 ; Fig. 3 is a diagram
showi ng di sposition of ink droplet ejecting heads shown in Fig. 2 ;
i s'a diagram show ng anot her dispositiop ef the ink droplet ejecting heads
shown in Fig. 2 ; Fig. 5is a cross-sectional view of the ink dropl et

ej ecting head al ong THee fleaigdesngtnid didvecttiage sofofa YheqnesEnber of the
ink droplet ejecting head; Fig. 6 is a cross-sectional view of the

dropl et ejiggnkd Jread 12l degotbemsiter bpbamght diroec then fofl lowenki qui d

part of

Fig. 4

nk

chanber of the ink droplet ejecting head; Fig. 7 is a bl ock di agram show ng

a control LiRg 36t 63 fipktheni Bk grefre¢eed BoLBRRALALES ga&ear ¢iike L0 the
enbodi ments of the present invention; Fig. 8 is a block diagram show ng a

R I o e M ke MR R LR

; Fig.

iragram showi ng an ifon" 0

10 i.s a block diagram showi ng an i mage processing apparatus

a progﬁ"am of an image

10

15

20

25

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of a part of an
inkjet recoréing apparatus which can form multi-level dots
according to embodiments of the present invention;

Fig. 2 is a plan view‘of a part of the inkjet
recording apparatus shown in Fig. 1;

Fig. 3 is a diagram showing disposition of ink
droplet ejecting headslshown in Fig. 2;

Fig. 4 is a diagram showing another dispésition
of the ink droplet ejecting heads shown in Fig. 2;

Fig. 5 is a cross-sectional view of the ink
droplet ejecting head along the long length direction of a
liquid chamber of the ink dfoplet ejecting head;

Fig. 6 is a cross-sectional view of the ink
droplet ejecting head along the short length direction of
the liquid chamber of the ink droplet ejecting head;
| Fig. 7 is a block diagram showing a controlling
section of the inkjet recording apparatus according to the
embodiments of the present invention;

Fig. 8 is a block diagram showing a part of a

Fig. 9

‘head driver shown in Fig. 8

n which



processi ng nmethod according to the enbodi nents of the present invention is
installed; Fig. 11 is a diagramshowng a letter printed by using dot data
obt ai ned wo 2as5/i26@ge process which does not use jaggy cecTgedoesiosés g. 12
is a diagram showi ng dot positions of a slanting line of the letter shown
in Fig. 11 nearly parallel to the main scanning direction; Fig. 13 is a

di agram show ng dot positions of a stapéing line of the letter shown in
Fig. 11 nearly parallel to the sub scanning direction; Fig. 14 is_a diagram
showi ng dbeagoditivéang ebngroldeti agdl Bnbeég gdrizgereshpynbanpFiiated inearly
parallel to the main scanning direction in a first exanple to -which the
j aggy correction is mEppl i®daccaidiing tdd agrfanr stheeninadiarentpeafatiiten present
invention; Fig. 15 is a diagram show ng dot positions of the slanting line

of the |etkerrkonk8qPHkRE REkMY iBakall.eB;to the mai n scanning direction
in a second exanple to which the jaggy correction is applied according to

dot posi 1 ons. of t hé ST ant) Rg 1 BT CRET Tt o R o T R an o
paral gl Loethe I SEahlig i SELLAne! BeBcl dieailigho vhich the
processing method according to the embodimenté of.the
present invention is installed;

Fig. 11 is a diagram showing a lettef printed by

using dot data obtained in an image process which does not
10 use jaggy correction;

Fig. 12 is a diagram showing dot positions of a
slanting line of the letter shown in Fig. 1l nearly
parallel to the main scanning diréction;

Fig. 13 is a diagram showing dot positions of a

15 slanting line of the letter shown in Fig. 11 nearly
parallel to the sub scanning direction;

Fig. 14 is a diagram showing dot positions of a
slanting line of a letter to be printed nearly parallel to
the main scanning direction in a first example to which the

20 jaggy correction is applied according to a first embodiment
of the present invention;

Fig. 15 is a diagram showing dot positions of the
slanting line of the letter to be printed nearly parallel
to the main scanning direction in a second example to which

25 the jaggy correction is applied according to the first



enbodi mrent of the present invention; Fig. 17 is a diagram show ng dot
positions of the slanting line of the letter to be printed nearly parallel
to the mawo 2@aneéong direction in a fourth exanpl e to wecechridoe3sjoagoy
correction is applied according to the first enbodi nent of the present
invention; Fig. 18 is a diagram show ng -dot positions of the slanting |line
of the letter to be printed nearly paralilel to the main scanning direction
inafifth exanple to which the jaggy correction is applied according to
the first emboddmeent odf thiee ppressertt inveastioon; Fig. 19 is a di agram show ng
dot positions of the slanting line of the letter to be printed nearly
parallel to the mairriscamyg ngs i rdeicid i ishawisixtdotexeos tei dros vl dthe he
jaggy correction is applied according to the first enbodi ment of the

present inventdion 15h@ 20 dhe a AirRgr & showriatdet eesity payaaflelhe
slanting I'itne of the letter to be printed nearly parallel to the main

scanning directiaon.in._ A . I : i a%ﬂﬁ rLecthon i s
appl i ed agﬁcc’o?C enén & ts%ea?1 ?‘\rig}rg tear%beg(%{{ﬁé%t rlglf\g?ﬁgﬁgtrd;%gnt |%évgtﬁ{i@%§dhﬁ g. 21
is a diagram show.ng dot paositions of .th sIant(i'in Iti ne . of .hetletter to be
printed nédld yag&YalqQoHr 9 1He aidP ATy i é‘%ti 6h §AF diti&tght h exanpl e
to which the jaggy correction is applied according to the

embodiment of the present invention;

Fig. 17 is a diagram showing dot pbsitions of the
_slaﬁting line of the letter to be printed nearly parallel
to the main scanning direction in a fourth example to which

10 the jaggy correction is applied according to the first
embodiment'of the present invention;

Fig. 18 is a diagram showing dot positions of the
slanting line of the letter to be printed nearly parallel

"to the main scanning direction in a fifth example to which
15 ‘the jaggy correction is applied accordiné to the first
.eﬁbodiment of the present invention;

Fig. 19 is a diagram showing dot positions of the
slanting line of the letter to be printed nearly parallel
to the main scanning direction in a sixth example to which

20 . fhe jaggy correction is applied according to the first
embodiment of the present invention;

Fig. 20 is a diagram showing dot positions of the
slanting line of the letter to be printed nearly parallél
to the main scanning direction ip a seventh example to

25 which the jaggy correction is applied according to the



first enbodi ment of the present invention; Fig. 22 is a diagram show ng dot
positions of the slanting line of the letter to be printed nearly parallel
to the swoo@mnsedg direction according to the first enpogisrent/3mbod he
present invention; Fig. 23 is a diagramshowing a first different exanple
which the jaggy correction is applied to a slanting line of a letter to be:
printed nearly parallel to the main scamsni-ng direction according to the
first enbodi nent of the present invention, Fig. 24 is a diagramshowi ng a
second di fffiarsntendscaiples twaifc it Heh P jeRRIE daMeadtliodri is applied to a
slanting line of a letter to be printed nearly parallel to the main
scanni ng direction accpr dNGi § oo tdbadiamst skeosioty néokt wdsiheops eskénthe
invention; Fig. 25 is a diagram show ng a general w ndow which is used in a

pat tern matching JrethodoFidhe 264t B 308 PRishes near Wy nstoveMidch is
used in the pattern matching nethod in the enbodi nents of the present

accor di ng 1 T T3 AT (e o et e L %58 1o a
di agram showi ng ref er ence patterns, vhi oh are JpeddSay s Hlank dots
first embodiment of the present invention; ,

Fig. 22 is a diagram showing dot positions of the
slanting line of the letter to be printed nearly parallel
to the sub scanning direction according to the first

10 embodiment df the present invention;

Fig. 23 is a diagram showing a first different
example which the jaggy correction is applied to a slanting
line of a letter to be printed nearly parailel to the main
scanning direction according to the first embodiment of the

15 present invention;

Fig. 24 is a diagraﬁ showing a second different
example which the jaggy correction is applied to a slanting
line of a letter to be printed nearly parallel to the main
scanning direction according to the fifst embodiment of the

20 present invention;

"Fig. 25 is a diagram showing a general window
which is used in a pattern matching method;

Fig. 26 is a diagram showing a window which is
used in the pattern matching method in the embodiments of

25 the present invention;



pattern matchi ng process shown in Fig. 27; Fig. 29 is a diagram show ng
reference patterns which are used to convert imge dots into small dots in
t he patt ewo 20@/iebdong process shown in Fig. 27; Fig. 30 ipseTaprtioagroaes showi ng
an exanpl e of dot data to which the pattern matching process is applied by
using the reference patterns shown in Figs. 28 and 29; Fig. 31 is a
fl.owchart showing a small ink droplet det -data form ng process in bl ank
dots according to the first enbodi ment of the present invention;, Fig. 32 is
a di agram showi ng arFixar@il e ofa tfHowrhE st |wwrvp|aetpme@at1@a¢@?#ﬁ%g
process shown in Fig. 31; Fig. 33 is a flowhart showing the small ink
dropl et defrRrist f:QdEmU MY aeeshd ITifrantt etrdtoal imerdr difng Heo fdrteserity st

enbodi nent of the present invention; Fig. 34 is a diagram show ng an
exanpl e of; i nk dropl et dot data form ng process shown in Fig. 33;
Fig. 35 is'a omc art showi ng a jaggy correctionprocess according to a

second enbodi ment of the py g;q; & é?%ﬁﬁ%ho&ﬁﬁb 35 d Sefcdi SOF @ sHow ng

dot positions of a SW&%TIHQ I ne O etter to be prlnted nearly parall el

to the main scannin ion in fir
wh J_cha are. % etcc;[ coonverta bla Sig aeo am%.n%

ﬂMll dots in the
pattern matching process shown in Fig. 27;

Fig. 29 is a diagram showrng reference patterns
which are used to convert image dots into small dots in the
pattern matching process shown in Fig. 27;

10 Fig. 30 is a diagram showing an example of dot
data to which the pattern matching process is applied by
ueing tﬁe reference patterns shown in Figs. 28 and 29;

Fig. 31 is a flowchart showing a small ink
" droplet dot data forming process in blank dots according to

15 the first embodiment of the preeent rnventioe;

" Fig. 32 ie a diagram showing an example of the.
small ink drqplet dot data forming process shown in Fig.
31;

Fig. 33 is a flowchart showing the small ink

20 droplet dot data forming process in font data according to

| the first embodiment of the present invention;

Fig. 34 is a diagram showing an example of the
small ink droplet dot data.forming process shown in Fig.
33;

25 ~ Fig. 35 is a flowchart showing a jaggy correction



jaggy correction is applied according to the second enbodi nent of the
present invention; Fig. 37 is a diagram show ng dot positions of a slanting
| i ne of awbebdeenedso be printed nearly parallel to the necwmIB@&BiNEE
direction in a second exanple to which the jaggy correction is applied
according to the second enbodi nent of the present invention; Fig. 38 is a
di agram showi ng dot positions of a slLapping line of a letter to be printed

nearly parall el

to the main scanning direction in a third exanple to which

t he j aggy peoceest neaoirsiiapplitioed aecondi egbpdimkatsedondicepisgdrint of the
present invention;, Fig. 39 is a diagramshow ng dot positions of a slanting
line of ajlhetheroh® be printed nearly parallel to the main scanning
direction in a fourth exanple to which the jaggy correction is applied

according to the segar ggd t r?rgléqrﬁ%}wﬁs,@wtddm\@glﬁrbnﬁ@f A0 is a
S| |ons 0

dlagran1shomnng dot p

nearly par
t hej aggy &

antlng line of a letter to be printed

to.th I whi ch
ipPol e Rl o Gekord K 5 ?‘%&'dé‘g%an A i

present inventiaon;. Fig. 41 |s a di.a an1sh dot i tion a slanting
I%QS %ﬂ?ﬂ%&tﬁ s%&nfh

line of athe medn éoé'é‘rﬁﬁgn 1Fafal

i ng

dlrectlon in a sixth exanple to mhlch t he
jaggy correction is applied according to the second

embodiment of the present invention;

Fig. 37 is a diagram showing dot positions of a

slanting line of a letter to be printed nearly parallel to

10 the main scanning direction in a second example to whieh.

the jaggy correction is applied according to the second

embodiment of the present invention;

Fig. 38 is a diagram showing dot positions of a

slanting line of a letter to be printed nearly parallel to

15 the main scanning direction in a third example to which the

jaggy correction is applied according to the second

embodiment of the present invention;

Fig. 39 is a diagram showihg dot positions of a

slanting line of a letter to be printed nearly parallel to

20 the main scanning direction in a fourth example to which

the jaggy correction is applied according to the second

embodiment of the present invention;

Fig. 40 is a diagram showing dot positions of a

slanting line of a letter to be printed nearly parallel to

25 the main scanning direction in a fifth example to which the



jaggy correction is applied according to the second enbodi nent of the
present invention; Fig. 42 is a diagram show ng dot positions of a slanting
| i ne of awbebdeenedso be printed nearly parallel to the necwmIB@&BiNEE
direction in a seventh exanple to which the jaggy correction is applied
according to the second enbodi nent of the present invention; .Fig- 43 is a
di agram showi ng dot positions of a slLapting line of a letter to be printed
nearly parallel to the main scanning direction in an eighth exanple to

whi ch t he jjaaggy ceatreettioan iiss agpiliedd aacooddhagtpo thiee sesooad enbodi ment . of
the present invention; and Fig. 44 is a block diagram show ng an i mage

form ng a%&@b@&%@ntnowht%@ e senegrameat ibhe j aggy correction process
according to the enbodi nents of the present invention is installed. BEST

MODE FOR CARRYI NG Oyl THE 4 I\BéEl\gl'lﬂ\édM sHRHST it thbgﬂelcq{@\@ﬂw@s,

enbodi nent s of the present invention are explained in detail

Theermbodi (e0Ls sof, 1BEPLESENY diuention g%lﬁzee'd%%gqlfg,vf%seﬂqeant' ki et

recordi ng S or m ng appar at us Schematic

di agram of a part -of the inkjet recording ap a at us g_can f
mul ti - Pevdihed 8B4 naSCEPERY Le5E 18P0 38 ﬁtlg glmgre St LG | Son.

Fig. 2 is a plan view of a part of the inkjet recording
jaggy correction 1s applied according to the second

embodiment. of the present iﬁvention;
Fig;i42 is a diagram showing dot positions of a
slanting line of a letter to be printed nearly parallel to
10 the main scanning direction in a seventh example to‘which
the jaggy correction is applied according to thé second
embodiment of the present invention;
Fig. 43 is.a diagram showing dot positions of a
slanting line of a letter to be printed nearly barallel to
15 the main scanning direction in an eighth example to which
the jaggy correction is applied accqrding to the second
embodiment of thé present invention; and
Fig. 44‘is a block diagram showing an imagg
forming apparatus in which the program of the jaggy
20 correction process according to the embodiments of the

present invention is installed.

BEST MODE FOR CARRYING OUT THE INVENTION

Next, referring to the drawings, embodiments of

25 the present invention are explained in detail. The



apparatus shown in Fig. 1 . Referring to Figs. 1 and 2 , structural

el ements of the inkjet recording apparatus according to the enbodi nents of
t he presewd 00vepdoron are explained. In the inkjet recordirng2@ppaced us, a
carriage 4 is slidably held in the main scanning direction by a guide rod 2
which is hung between a left side plate A and a right side plate IB of a
frame 1 and a stay 3 , and the carriages4_is noved in the main scanning
direction (the arrow directions in Fig. 2 ) by a nain scanning direction
not or 5 Vieabadii@hhg BEl thé pheebnits invendianoand exgipvneg pyl beyingA and a
driven pulley 6B. In the carriage 4 , a recording head 11 conposed of, for

exampl e, faur | dr SieGdgirhwadsad l&n 1m&ge 146rmbnd Hppathausej ect
i nk dropl g’?’s l(gf lt%lta(:ILI%@(OEII?):L ,gecfgr%&( C , nmmgenta E?gl\/p , and yellow (Y) ,

respectiv%kﬁathfégi%p%%ﬁgpggi% ﬁﬁggﬁ%n§%ftQaPa§@eoE”Kh§i%%&H%& direction is

downwar d. ozZI'e "array nozzl e faces 1l1a in which plural ink
ej ecting nozzles of the recording,head are forned_isdi sed in the
orthogonaFQﬁQQQ%ﬂgoﬁpPﬁﬁétgﬁbwb&%ﬁnfﬁ@ PFgE?F%ﬁfnggvﬁaed%E%n.scanning
direction. .In the above, four independent recordigg heads fgﬁ ejec;Lng f our
cor r espondiofPrsiing & cartéreuKIPOHARVET , OonklF RETIFNY hBRA WhPBh cdrtYej ect

four-color ink by having plural nozzles, or plural heads can be used. In
addi ti on, 2 hes ruen ofiew of a part of the inkjet recording

apparatus shown in Fig. 1. Referring to Figs. 1 and 2,
structural elements of the.inkjet reéording apparatus
according to the embodiments of the present.invéntion are
10 explained.
In the inkjet recording apparatus, a carriage 4
is slidably held in the main scanning direction by a guide
rod 2 which is hung‘between a left side plate 1A and a
right side plate 1B of a frame 1 ahd a stay 3, and the
15 carriage 4 is méved in the main scanning direction (the
arrow directions in Fig. 2) by a main scanning direction
motor 5 via a timing belt 7 which is wound:around a driving
pulley 6A and a driven pulley 6B.
In the carriage 4, a recording head 11 composed
20 of, for example, four ink droplet ejecting heads 1llk, llc,
11m, and 1lly that eject ink droplets of black (Bk), cyan
(C), magenta (M), and yellow (Y), respectively, is disposed
in a manner so that the ink ejecting direction is downward.
In this, a nozzle array of nozzle faces 1lla in which plural

25 ink ejecting nozzles of the recording head 11 are formed is



colors and the order of disposition of the heads are not limted to the
above. In the enbodi nents of the present invention, as the recordi ng head
11, the fwonoeeikeadropl et ejecting heads Ilk, lie, 11m aod/JpkopsBSivate ej ect

i nk droplets of black (Bk) , cyan (C) , nagenta (M , and yellow (Y) ,
respectively, are used. Fig. 3 is a diagram show ng disposition of the ink
dropl et ejecting heads shown in Fig. -223 As showmn in Fig. 3, each of the
four ink droplet ejecting heads Hk, Hc, Hm and Hy has two nozzle rows (NA
and NB) i aiwhbekdplitr &he" Brthogohed Hdreejtéon rghenkulr sgleengngre arrayed
in one row Fig. 4 is a diagramshow ng another disposition of the ink

dropl et ej;8¢liRg Hgads theWhaif Eicnndng Aigeshdwn.i nIhi ghed abdwey nozzl e
rows HKA and HkB, two nozzle rows HcA and HcB, two nozzle rows HM and HnB,

and two ng%%lre_irn% e%%”@e@%@dﬂ%%p@x%a 's;&%ge@jie@tq!g@ fres@r di ng head H .

O, the recording hea can bé cormpose a bllack ink droplet ejecting

head havi ng one nozzle row or plural npzzle r ‘ | or. 4. et

ej ecting I‘Fg&d:?i’?&\ﬂ P &EEFH 50N rdo’pl%l?r%éelv(%\r%%zé%ﬁg %%v?/%rfd&%egie}%%col or.
Each of the.ink droplet ejecting heads (inkjet heads) of whi cngthe :
r ecor db ng vhdadr TR £ @t FOodF 5RTd e ka B é‘?ﬁé‘ln@cpﬁ'iufaalcf’t?ft ©Froed by a

pi ezoel ectric el enent as a pressure generator that generates pressure for
ej ecting ipllumrloplestds CHmatbd sisegh t Ha mdskiduod gdder apger of

colors and the order of disposition of the heads are not
limited to the above.
In the embodiments of the present invention, as

10 the recording head 11, the four ink droplet ejecting heads
llk} 11lc, 1llm, énd 11y that eject ink droplets of black
(Bk), -cyan (C), magenta (M), and yellow (Y), respectively,
are used. Fig. 3 is a diagram showing disposition of the
ink droplet ejecting heads shown in Fig. 2. As.shown in

15 Fig. 3, each of the four ink droplet ejecting heads‘llk,
1lc, 1lm, and 11y has two nozzle rows (NA and NB) in which
plural “n” nozzles for ejecting ink droplets are arrayed in
one row. Fig. 4 is a diagram showing anotﬁer dispositioh
of the ink droplet ejecting heads shown in Fig. 2. As

20 shown in Fig. 4, two nozzle rows 11kA and 11KkB, twoAnozzle
rows 1llcA and ich, two nozzle rows 1llmA and 11lmB, and two
nozzle rows 11yA and 11lyB can be disposed in éne recording
head 11. Or, the recording head 11 can be composed of a
black ink droplet ejecting head having one nozzle row or

25 plural nozzle rows and color ink droplet ejecting heads



when a thermal type pressure generator, which uses a heating resistor for
generating bubbles, is used, it is difficult to accurately control the

vol une ofwbheodebddze, and the size of a dot which can becfapmes3masnot be

| ar gel y changed. Consequently, basically, the size is binary, and
generally, the gradation is obliged to be expressed by the nunber of forned
dots. On the other hand, when the piezeglectric actuator is used, the
anount of displacenment of the piezoelectric elenent can be accurately
control | edavang bhe sbzelef rawdetr whuehli sokeiredowan fbe kachekplomanged.
Consequently, nultiple-gradation can be expressed, In this case, in order

to change the di ametgefopfof R datnk Widpliet diRcidey HaudOrmnridy -1 evel
dots, for exanple, the voltage, the pulse width, and the nunber of pul ses

of the drhéggg)ggls%h%%g %%%ng%%bréiﬂbiﬁéﬁdigli%si%%hﬂ&é@@ bR okgelsecor di ng

head 11 a _ nected to a control IFer (not shqmn) via a harness 12 {FPC
ot he T ecdr @iAGORGRE CFL e TSP REATFH Pile be BAFLSREoF L Ln FIBMEReh Col or
is supplied fromthe corresponding ink cartridges 10 instglled in a
cartriﬁgea§t@rpﬁgs§@éﬁi@ﬁn@r@6cﬂhghé6r9§§ﬁ6ﬁ&ﬁ gF§GﬁSF§ﬁk3%f5 vi a
correspondi ng i nk supplying tubes 16. An ink supplying punp 17 for
suppl yi ng es@ci iingk indk idropleEt ssupfihgitng stulss e PrasHuale Sgney ates
when a thermal type pressure generator, which uses a
heating resistor for generating bubblés, is used, it is
difficult to accurately control the volume of the bubble,
10 and the size of a dot whi;h can be formed cannot be largely
.changed. Conséquently, basically, the sizé is binary, and
generally, the gradation is obliged to be expressed by the
number of formed dots. On the othér hand, when the
piezoelectric actuator is used, the amount of displacement
15 of the piezoelectric élement can be accurately controlled,
and the size of a dot which is formed can be largely
changed. Consequently, multiple-gradation can be expressed.
Ih this case, in order to change the diameter of the dot,
that is, in order to form multi-level dbts, for examplé,
20 the voltage, the pulse width, and the number of pulses of
the driving pulée are changed.
A driver IC is installed in the recording head 11
and is connected to a controller (not shown) via a harness

12 {FPC (flexible print cable)}..

25 Sub tanks 15 for four colors for supplying ink to



cartridge storing section 9 . The ink supplying tubes 16 are held by a back
plate 1C of the frane 1 on the mddle of the connection by using a clanping
menber 18wolnoenee@r to feed a paper 22 stored on a paperprCIUPIlongls&cti on 21
of a paper feeding tray 20, a half-nmoonshaped roller (paper feeding roller)
23 whi ch supplies each paper 22 fromthe paper storing section 21, and a
paper separation pad 24, nade of a matesi al having a large friction factor
di sposed facing the paper feeding roller 23, are installed. The paper

separ at i orhpade2bridi npusked tldware tinstpiped fisedihey cagldierge2d.. | Andrder to
supply the paper 22 to a position under the recording head 11, a guide

menber 25 for. g dd1e A RS RARY1i23 fa O Wheeicoraldsgion2in ipskper carrying
gui de nmenber 27, a pushing nenber 28 including a pressure applying roller

29 are inst 't'rﬁ%gefurfoh%st Ilﬁl?c:{])ﬂn”% balre Fhguhlsth Gag IRl maRey 22 at

a position facin € récor ead 11 by adhering with an electrostatic

force.is installed. The carrying . belt i.s.a I that is wound

around a &% \FHFSSRPETS séﬁ tf%@n?i%orﬁraoﬁoer%f%%%gég‘l# slrlpé;t ated in the

belt carrying direction (sub scanning direction) , a % is charged .by a

char gi g roRRYi3g Wbes B ng Aotidtke U 0% RH“H’gqbel L3S yb"é'yga

si ngl e-1 ayered belt : g
" "each ink to its ink supplying tube 16 is installed in the

cartridge storing section 9. The‘ink supplying tubes 16
are.held by a back plate 1C of the frame i on the middle of
the connection by using a élamping member 18.

10 In order to feed a paper 22 stored on a paper
storing section Zi of a paper feeding tray 20, a half-moon-
shaped roller (paper feeding roller) 23 which supplies each
paper 22 from the paper storing section 21, and a paper
separation pad 24, made.of a material having a large

15 friction factor, disposed facing the paper feeding roller
23, are installed. The paper separation pad>24 is pushed
toward the paper feeding foller 23.

In order to supply the paper 22 to a position
under the recording head 11, a guide member 25 for guiding

20 the paper 22, a counter.roller 26, a paper carrying guide
member 27, a pushing member 28 inéluding a pressure
applying roller 29 are installed. Further, a carrying belt
31 which carries the paper 22 at a position facing the
recording head 11 by adhering with an electrostatic force

25 is installed.



or a plural-layered belt (double-layered or nore) . \Wen the carrying belt
31 is the single-layered belt, since the carrying belt 31 contacts the
paper 22 wododdmeseharging roller 34, the entire | ayer i eciraermestagoan
insulation material. When the carrying belt 31 is the plural-layered belt,
it is preferable that a | ayer contacting the paper 22 and the charging
rol'ler 34 be fornmed by an insul ation-nmagerial and a | ayer not contacting

t he paper 22 and the charging roller 34 be formed by a conductive material.
As the insul ation nmater icalrriydngt bels 3d 64 ayereadlessr peld ddlat 35 and for
the insulation |ayer of the plural-layered carrying belt 31, one of the

fol | owi ng,BRLEr hdbsngan berusedg Thateirs 32r agdnasuehsasnPEG11EEN 33RPVDF, PC,
ETFE, and PTEF, or el astomer wi thout containing a conductive material can

be used. ang e aLUMR GESLAL bELY @brhenGRbertakibh 134D Weammangmore;

pr ef er abl y, A's e conductivé material for the conductive | ayer

of the plural-layered carrying_belt, 31, _a: rial i rqQn is
cont ai ned 9tk SGd R ov &1 e%%ncg?rgﬁgs% ngrcanggﬁhg 5%?&#%r§2i§?ﬁ?%ty is 105
to 107 Wcmis preferable. The charging roller 34 contacts the insulation
| ayer Whi B®ing gFotedee face of the carrying belt 31 (in.the case of the
plural -layered belt) , is rotated by being noved by the rotation of the

carrying belt 31, artheresswiad PediplIledarn Botth digE wrlarrreskiReltrhe
charging roller 34

or a plural-layered belt (double—laygred or more). When
the carrying belt 31 is the single-layered belt, since the
carrying belt 31 contacts the paper 22 and the chargingi

10 .roller 34, the entire layer is formed by an insulation
material. When the carrying belt 31 is the plural—layered
beit, it is preferable that a layer contacting the paper 22
and the charging roller 34 be formed by an insulation
material and a layer not contacting the péper 22 and the

15 charging roller 34 be formed by a conductive material.

" As tﬁe insulation material for thé single-layered
carrying belt 31 and for the insulation layer of the
- plural-layered carrying belt 31, one of the féllowing
méterials can be uséd. That is, resin such as PET, PEI,

20 PVDF, PC, ETFE, and PTEF, of elastomer without containing a
conductive material can be used, and the volume résistivity
of the material is 1012 Q cm or more; preferably, 1015 Q cm.
As the conductive material for the conductive layer of>the
plural-layered carrying belt 31,. a material in which carbon

25 is contained in the above resin or elastomer and the volume



is made of a conductive material whose volune resistivity is 106 to 109 W
cm An AC bias voltage of, for exanple, 2 kV (high voltage) is applied to

t he char givogosepi2be@r 34 from an AC bi as vol tage suppl yi ngcsgetdoonsioshd gh
vol t age power source) (described below) . The AC bias voltage can be a sine
wave or a choppi ng wave; however, a square wave is preferable . A guide
menber 35 is disposed on the back facezpf-the carrying belt 31
corresponding to an inage formng region of the recording head 11. The
upper faceeefistheigyi de mosben 357pLortmudesplvefemdbael.i ne tangent to the
carrying roller 32 and the tension roller 33 supporting the carrying belt

31 to the side of thed esr@ding ead ekl 34Wddntddts thee ifdsatlegsiomf the
carrying belt 31 in the inage form ng region can be accurately maintained.

The carryi rolhar.32 s r eqd by arsuheScanpiigdbeaet i3an (ARt @he36 Vi a
a drivingl%gFf %&ggﬁb%g ?iﬁ?%gkrgﬁper 38, gnd thg cg?rying belt 31 is

rotated in_the hel yi_ng . directi .Fi g, b . Ly of th
car rying FaTRee s NS Rl RISdEy Mg o iniien 2R arre B PEAREL TR Pached

to the axle of the carrying roller 32, angﬁﬁ t% nsni_ssi_on %%Pe phot o- sensor
for de?ectivnhen&adiations odi $h6s &AL TWARR OFi'E, 34 rwhBE PERESHEE i*€ composed

of the encoder wheel and the photo-sensor. These are not shown in Fig. 2 .
applied to both ends of the axle. The charging roller 34

is made of a conductive material whose volume resistivity
is 106 to 109 Q cm. An AC bias voltage of, for example, 2
kv (high voltége) is.applied to the charging roller 34 from
10 ‘an AC bias voltage supplying section (high voltége power
source) (described below). The AC bias voltage can be a
sine wave or a chopping wave; however, a square wave is
preferable.
A guide member 35 is disposed on the back face_of
15 the carrying belt 31 corresponding to an image forming
'region of the recording head 11. The upper face of the
guide member 35 protrudes beyond a line tangent to the
carrying roller 32 and the tension roller 33 supporting the
carrying belt 31 to the side of the recording head 11.
20 With this, the flatness of the carrying belt 31 in the
image forming region can be accurately maintained.
The carrying roiler 32 is rotated by a sub
scanning direction motor 36 via a driving belt 37 and a
timing roller 38, and the carrying belt 31 is rotated in

25 the belt carrying direction (see Fig. 2) by the rotation of



In order to output the paper 22 on which an inmage is recorded by the
recordi ng head 11 to a paper outputting tray 40, a paper separation claw 41
for separwDi2ng/Rb@7paper 22 fromthe carrying belt 31, pepar2sBmeéd i ng
rollers 42 and 43 are disposed. A both sides printing unit 51 is renovably
attached to the back side of the inkjet recording apparatus. The both sides
printing unit 51 takes the paper 22 repgrned by the inverted rotation of
the carrying belt 31 and inverts the paper 22 and feeds the inverted paper
22 bet weentHeheaeayingr rodlllear 326 adeh Eeheodarr yiheglbdint wdichAapsgdt manual |y
inserting tray (not shown) is disposed on the both sides printing unit 51.

A nozzl e nay MAMANG ANGk 1 2E0MET t H10t e Chalé sof 6thehabrepengt eslliermdi2nt ai n
a nornal state of the nozzles of the recording head 11 and to cause the

nozzl es t%r[ae 0‘£%ra1{csrn8r§s§%r?%é@ho?ttoals%nis%rdif%ﬁoi:l@j:édti%gn(ﬂl‘reorsil&tﬂ hg
e 1

region | ocated .at one si n“the main scanning direction of the carriage 4

o, “and 630 TG Ahosd e WAt Al Y Teeors Do ey Sfe et or red

62c, arel%ﬁsﬁnd|V| ually descri ey are referred

to as a cap 62) for capping the nozzle faces 1 of the recgording head 11,
L ped bienRedEs Eyead BTG (e MIGIA-SFHAR 1TRS e MR SHE 1k

dropl et receiving nenber 64 for receiving i nk dropl ets which do not
contribut &Eim 2.

- In order to output the paper 22 on which an image
is recorded by the recording head 11 to a paper outputting
tray 40, a paper separation claw 41 for separating the

10"paper 22 from'the carrying belt 31, paper outputting
rollers 42 and 43 are disposed.

A both sides printing unit 51 is removably
‘attached to the back side éf the inkjet recording apparatus.
The both sides printing unit 51 takes the paper 22 returned

15 by the inverted rotation of the qarrying belt 31 and
inverts the paper 22'and-feeds the inverted paper‘éZ
between the counter roller 26 and the carrying belt 31. A
paper manually inserting tray (not shown) is disposed on
the both sides printing unit 51.

20 A nozzle maintaining and recovering mechanism 61
that operates to maintain a normal state of the nozzles of
the recording head 11 and to cause the nozzles to recover
from an abnormal state is disposed in a non-printing region
located at one side in the main scanning direction of the

25 carriage 4. The nozzle maintaining and recovering



formng an i mage due to an increase of viscosity. In this, the cap 62a is a
suction and hum dity maintaining cap and the other caps 62b to 62d are

hum di t y wei2ndeaizeéong caps. | n addition, in the non-prinPcmgrregsmard ocat ed
at the other side in the main scanning direction of the carriage-4 , a
remai ning i nk dropl et receiving nenber 68 for receiving ink droplets during
recordi ng which do not contribute to-f @9mn-ng an i mage due to the increase
of viscosity is disposed, and openings 69 are provided in the renmining ink
dropl et rewmhamigmefberBs dengcape oz e6|2§ws @4Ct handecdedi fgyhedad 11.
A concentration sensor 71 forned by an infrared ray sensor for detecting
the presetteosdf dbe papednd2viisudildgoskddmibdty carey ageed reféheedertsor is
not limted to the infrared ray sensor. Wen the carriage 4 is at the hone
posi tion, gdescongentenat i porsenssingl | THé speseleatfacqrosiliaonodf thee side
of the carrying belt 31 and at a position upstreamin the paper carrying

directi on-régfog.@%ﬁ]iﬁﬁgda?%&a %igséafe biogt shde %gﬁf%”t%e_ rfbzz 1"

encoder whe ich a'slit I's formed is disposed aldng the main

scannipng directipn, and.an encoder. sensor f .a.tra 1 SSi type
phot o gens C?%rfﬁ%teﬁ??na fﬁg@ﬁqﬁpq:?nlsé%k%éggﬁg?gél?%%ﬁtg%%%%§éi e of
the carriage 4 . Wth this, a |ljinear encoder for detectin thﬁmposition of
the carri 4 G8¢eiydngj 4k drpplets which do not contribute to

forming an image due to an increase of viscosity. 1In this,
the caﬁ 62a is a suction and humidity maintéining cap and
the other caps 62b to 62d are humidity maintaining caps.

10 In addition, in the non—printing region located
at the other side in the main scanning direction of the
carriage 4, a remaining ink droplet receiving member 68 for
receiving ink dropleﬁs during recording which do not
contribute to forming an image due to the increase of

15 wviscosity is disposed, and openingsi69 are provided in the
remaining ink droplet receiving member 68 along the nozzle
rows of the‘recording head 11.

A concentration sensor 71 formed by an infrared
ray sensor for detecting the presénce of the paper 22 is

20 disposed in the carriage 4. The sensor is not limited to
the infrared ray sensor. When the carriage 4 is at the
home position, the concentration sensor 71 is disposed at a
position of the side of the carrying belt 31 and at a
position upstream in the paper carrying direction.

25 As described above, at the front side of the



scanni ng

Fig. 5is a cross-sectional

direction is conposed of the encoder wheel 72 and the encoder
sensor 73. Next, in the inkjet recording apparatus, the ink droplet
ej ecti ng weadss/ateomhi ch the recording head 11 i s conposedTarmoespkes ned.

view of the ink droplet ejecting head al ong the

long length direction of a |liquid chanber of the ink droplet ejecting head.
Fig. 6 is a cross-sectional view of thegoinrk droplet ejecting head alo
short length direction of the liquid chanber of the ink droplet ejecting
head. |n therirkeddopleat eaicedeirnghkedd,’2anni whitchowi 8¢ itodise fgirated 101

formed by applying anisotropic processing and so on to, for exanple,
single cryst @i spdsieeOR1sngsthat @aia sidanatingn dilrete 1502 boxdmed by, for

exanpl e,

ni ckel el ectroformng, which plate 102 is bonded to the | owe

of the inlg,f @gf]ﬂg_e%%%%f 78! 3len LAl 'bya:&d t3 aP@#Als8 1BhakgptOprarded to

upper face of the in

owi ng route"plate 101 are stacked. Wth this,

(022 o o SRR Fol e ot ol el €143 18 HiSobsed Bh BhECathe Hece

dr opl et si $%5MTe

mmon 1iqui d chanber 1

a

supplying i.nk to -the liquid chanber 106, _an ink suppgyin %ggni 109
e
n Q& _

connec? i n§iCE e ST IEG& & -chd 68 andL5

addi ti on,

€0 M. I n

in the ink droplet ejecting head, a stacked type piezoel ect

el ement 1@Buﬁcunng|ﬁhﬁapq§yn§on of the carriage 4 in the main

10

15

20

25

scanning direction is composed of the encoder wheel 72 and
the encoder sensor 73. |

Next, in the inkjet recording apparatus, the ink
droplet ejectiﬁg heads of which the recording head 11 is
composed are explained. Fig. 5 is a cross-sectional view
of the ink'droplét ejecting head along the long length
direction of a liquid chamber of the ink droplet ejecting
head. Fig. 6 is a cross-sectional view of the ink droplet
ejecting head along the short length direction of the
liguid chamber of the ink droplét ejecting head.

In thelink droplet ejecting head, an ink flowing
roufe plate 101 formed by applying anisotropic processing
and so on to, for example, a single crystal silicon
substrate; a vibration plate 102 formed by, for example,
nickel electroforming, which plate 102 is bonded to the
lower face of the ink flowing route plate 101; and a nozzle
plate 103 bonded to the upper face of the ink flowing route
plate 101 are stacked. With this, a nozzle connecting

route 105 to which a nozzle 104 for ejecting ink droplets

ng the

a

r face
t he

a

08 for

ric



line in Fig. 6), which is a pressure generator (actuator) that applies
pressure to ink in the liquid chanber 106 by deform ng the vibration plate
102 as anwel2eaymesomechani cal transducer, and a base substrapmoed2ideéc® whi ch
the piezoelectric elenment 121 is secured are provided. A brace 123 (see
Fig. 6 ) is formed between the piezoelectric elenents 121. The brace 123 is
formed at the same tine as the piezoelggtric elenents 121 by separately
form ng piezoel ectric nmenbers; however, since a driving voltage is not

appl i ed tast konheated, 23 tihgik eteart2d 196 s momndr ddeuidAdhambie e
print cable 12 on which a driving circuit (driving 1C) is installed is

connect ed 1@ s @L%%ﬂ%)i@@t Hink eloermrt 15Li dTheaedge Qag,s sof itdfke vibration
plate 102 are bonded to a frane nenber 130. In the frane nmenber 130, a

space 131, i’%&%’?#’ﬁ@%qtﬁl gégntecctq%os&d e IdRmIe 200 AC ri c el enent

121, the Fa 0 on are attached, is forned. Further, in
the frame nenber 130, a concave secti t becones the common liquid
chanber 1@@%%2@8”‘( 35\#361%% S 3%]%‘% ‘or supplying ink fromthe
outside to the common |iquid chanper 108, are forfed. The fra qgnber 130
is forPed by injectibh aAEFHP ofLD tihe ek’gﬁp‘fhé‘?p %%r%%c_éftjtr?%;ﬁ?% f P such as

epoxy resin or polyphenylene sulfite. ,
stacked type piezoelectric element 121 of two lines (one

line in Fig.v6), which is a pressure generator (actuator)
that appligs pressure to ink in the liquid chamber 106 by
deforming fhe vibratién plate 102 as an electro-mechanical
10 transducer, and a base substrate 122 to which the
piezoelectric element 121 is secured are provided. A brace
123 (see Fig..6) is formed between the piezoelectric
elements 121. The brace 123 is formed at the same time as
the piezoelectric elements 121 by~separately formiﬁg
15 piezoelectric members; however, since a driving voltage is
not applied to the brace 123, the brace 123 is a simﬁle
bréce.
A flexible print cable 12 on which a driving
circuit (driving iC) is installed is connected to the
20 piezoelectric element 1?1.
The edge parts of the vibration plate 102 are
bonded to a frame member 130. In the frame member 130, a
space 131, to which an actuator unit composed of the
piezoelectric element 121, the base substrate 122, and so

25 on are attached, is formed. Further, in the frame member



The ink flowng route plate 101 is forned by applying anisotropic etching
to, for exanple, a single crystal silicon substrate of a crystal face (110)
by usi ng wbkaddmnessyi qui d such as potassi um hydr oxi de watrerasmiosBlososol uti on
(KOH) . Wth this, the nozzle connecting route 105 and the |iquid chanber
106 are forned. However, the material is not limted to single crystal
sil'icon; stainless steel or photosensigpve resin can be used for the ink
flowng route plate 101. The vibration plate 102 is nade of a nickel plate

by, for exggpl 8, c8hesteokecting. thavepecomebetiiebrativon pligtiedl02 can be
made of a netal plate other than nickel plate or a material in which a

metal and Bgﬁb@ af ggbgnded Ip% eh§399&ﬁgthb@eeh@qeabrlg&p@ugihaeihkace 123
GF6°th

are bonde e vibration plate 2" by "adhesi ve, and further, the frame

rember 130 i s bended. n.(he uRerLepbal ¢:1030 LheBREhoelQssof 10 to 30

mm di anmet respondi Ng t 0 eac I qui d chanber 106, and the
nozzle plate 103 is bonded to the inkfl ow r out l.at.e 1Q1 by adhesive. A
wat er repéPrage-| aybe ¢§aWSrW€H%@ﬁ 358 &ﬁpggﬁgfg Eggénafc%ﬁgnnozzle pl at e
103 nmade of. a netal nenber via a predeterm ned |ayer,. The face of the
nozzl €5 pl addieg g, t KornexaM® leac $ETRCGESEAPTed SaEOY EUCTHE SpiPE2HY ect i c

el ement 121 is a stacked type g
resin or polyphenylene sulfite.

The ink flowing route plate 101 is formed.by
applying anisotropic etching to, for example, a single
crystal silicon substrate of a crystal face (110) by using

10 élkaline liquid such as potassium hydroxide water-soluble

| solutidn (KOH). With this, the nozzle connecting route 105
and the liquid chamber 106 are formed. However, the
material is not limited to single crystal silicon;
stainless steel or photoseﬁsitive resin can be used for the

15 ink flowing route plate 101.

The vibration plate 102 is made of a nickel plate
by, for example, electrofo;ming. However, the vibration
plate 102 can be made of a metal plate other than nickel
plate or a material in which a metal and resin are bonded.

20 The piezoelectric element 121 and the brace 123 are bonded
to the vibration plate 102 by adhesive, and further,‘the
frame member 130 is bonded.

In the nozzle_plate 103, the nozzle 104 of 10 to
30 um diameter is formed corresponding to each liquid

25 chamber 106, and the nozzle plate 103 is bonded to the ink



pi ezoel ectric element (PZT) in which a piezoelectric material 151 and an
internal electrode 152 are alternately stacked. An individual electrode 153
i s connecwedodeni2tdve i nternal el ectrode 152 drawn out topomgprsiosiglosend a
common el ectrode 154 is connected to the internal el ectrodes 152 drawn out
to the other side. In the enbodinents of the present invention, pressure is
applied to ink in the liquid chanber _186 by usi ng di spl acenent in the d33
direction as the piezoelectric direction of the piezoelectric elenent 121.
However, mFles&wge reatebelanp iled tay iadbeisivehe A epaitérclrepedrlends by using
di spl acenent in the d31 direction. In addition, one line of the

pi ezoel ectiniye elieMertrbal kAR e ipsiensd Facenetbase sihdlatdat22. In the
i nk dropl et "ejecting head with the above structure, when a voltage applied

to the pi elzo%elmgl%ter iocf el nh lhder Iﬁ\/gerae%rfe@@metxlﬂgr{&{ ar8RGe ValHeage, the

pi ezoel ectric ement 121 contracts, and the vibration plate 102 is noved
downward so that_the volu of, the J4igui d a r, .10 i anded, and ink
flows int cfatq‘r’equqm}'iq’t? méﬂrj{%r P © Afdtsgrlst ﬁ:}% I;(11vit>/%ezr'iLJet H’cgddpeisel?(;agl ectric

el ement 121 is expanded in the stacked direction by raising the voltage
appl i e t dlasErifiez %@ ric el enent 121, the vibration plate 102 is

di splaced in the nozzle direction and the volunme of the |iquid chanber 106

i s reduced. Wth thiBhe piszoebectripptlieneilo 1ok ih 2 netafked dt¥PRinber 106

piezoelectric element (PZT) in which a piezoelectric
-material‘151 and an internal electrode 152 are alternately
stacked. An individual electrode 153 is connected to the

10 internal electrode 152 drawn out to one side, and a common
electrode 154 is connected to the internal electrodes 152
drawn out to the other side. In the embodiments of the
present invention, pressure ie applied to ink in the liquid
chamber 106 by using displacement in the d33 direction as

15 the piezoelectric direction of the piezoelectric element
121. However, pressure can be applied to ink in the liquid
chamber 106 by using displacement in the d31 direction. 'In
addition, one line of the piezoelectric element 121 can be
disposed on one base substrate 122.

20 In the ink droplet ejecting head with the above
structure, when a voltage.applied to the piezoelectric
element 121 is lowered,from the reference voltage, the
piezoelectric element 121 contracts, and the vibration
plate 102 is moved downward so that the volume of the

25 liquid chamber 106 is expanded, and ink flows into the



and ink droplets are ejected fromthe nozzle 104. \Wen the vol tage applied
to the piezoelectric element 121 is returned to the reference voltage, the
vi brati orwpl2ede128®2 is returned to the initial positionpctheoeebiose of the
l'iquid chanber 106 is expanded so that negative pressure is generated, and
ink flows into the Iiquid chanber 106 fromthe comon |iquid chanber 108.
Wth this, the vibration of the neniscyg face of the nozzle 104 is
attenuated and stabilized. Then, an operation for subsequent ink droplet

ej ecting hsgpenf enBRBer! N06he HEteirnghde; heteof thhepiakodiepkatdcej ecting
head, ink droplets are ejected by the expansion of the piezoelectric

el ement 1é%eﬂ1'é'8\ee\19&, 1depgpdhAgd0RNt BaeSkEHekeEedi kaktdbapbet sadannige
ej ected by the contraction of the piezoelectric elenment 121. In the inkjet

recordi ng_apparatus, each.paper iS4 pe syoni ngngect i 21
o501 10 RPRLALUS, SR BAPED 2Rl pibsteleomtie panansuon areccl 1 o

paper 22 is carried hetwe the carrying belt 31 e r. roller 26,

thg tLp oWlPHé;géﬁePlﬁﬁeiggéuF&eglﬁyXFﬁ%dp&BeF%gaﬁggf%g ggggg%%gﬁber 27,

and the paper 1s pushed to the carrying belt 31 by.the pressuyr.e. applyin

roIIer§29anw7¢hetMoipmﬁh@fcéhﬁyﬂﬁ@udﬂr§@Ppgﬁroﬂ0%hésp£ﬁch%§'is%éﬁﬁhggdy )

approxi mately 90 degrees. At this time, an AC voltage is applied to the
this, pressure is applied to ink in the liquid chamber 106

and ink droplets are ejected from the nozzle 104.
When the voltage applied to the piezoelectric
element 121 is returned to the reference voltage, the
10 vibration plété 102 is returned to the initial position,
the volume of the liquid chamber 106 is expanded so that
negative pressure is generated, and ink flows into the
liquid chamber 106 from the common liquid chamber.108.
With this, the vibration of the meniscus face of the nozzle
‘15 104 is attenuated and stabilized. Then, an operation for
subsequent ink droplet ejecting is pérformed.

In the driving method of the ink droplet ejecting
head, ink droplets are ejected by the expansion of the
piezoelectric element 121. However, depending on the

20 structure, ink droplets can be ejected by the contraction
of the piezoelectric element 121.

In the inkjet recording apparatus, each paper 22
is fed from the paper storing section 21 in the approximate
upward direction by guided by the guide member 25. The

25 paper 22 is carried between the carrying belt 31 and the



charging roller 34 fromthe AC bias supplying section (described below in
detail) so that the carrying belt 31 is charged in the sub scanni ng
di r ect i onweoi2oés/@sedhar ge vol tage pattern in which a pl uspeoshipzgesmees a m nus
voltage are alternately applied with a predeterm ned wi dth. When the paper
22 is supplied on the carrying belt 31 on which the plus voltage and the

m nus voltage are alternately charged, 36he paper 22 is adhered to the

carrying belt 31 with the electrostatic force,

in the suloseser mpldiaecb oy tiRe OfottS ARPST tife 1GaFWdsE 5yl tther

the recording head 11 is driven.corresponding to an inage signal
carri age #apermheaany yineduitdee megberdi2Tg Bewd the rererdL2oné dushesdt an
i mge on the stopped paper 22 by ejecting ink droplets.

and the paper 22 is _carried

When

while the

After carrying the

paper 22 ky ahy edetmfiigiedlandinby the madsdurme apipliyieg madd drs 2%cor ded
on the paper 22. Wen a recording conpletion signal or a signal that the

end of theiRapen 2 Neaches LheLrd ctibs Ioxcand

gegiogn iiss recei ved,

the recording operation is fi'nished, and thepaper %%'is output to the paper

out putfi g%ﬁtgklggyesqﬂf%?plcﬁno)f%%eceq tgtbe#%gs_g des printing, when an inmage is

printe

€ paper 2

paper 22 is supplied to the both

sides printing unit 51 by, inversely rotati t he, carrvying, belt 31, and the
paper 22 is invertedt ?n%??'eoe}lrbabpéer‘”}g@?%e s:'usppal‘ﬁ’%jdl%ba?% &t ween t he

count er

10

15

20

25

charging roller 34 from the AC bias supplying section
(described below in detail) so that the carrying belt 31 is
charged in the sub scanning direction with a charge voltage
pattern in which a‘plus voltage and a minus voltage are
alternately applied with a predetermined width. When the
papef 22 is supplied on the carrying belt 31 on which the
plus voltage and the minus voltage are alternately charged,
the paper 22 is adhered to the éarrying belt 31 with the
electrostatic force, and the ﬁaper 22 is carried in the sub
scanning direction by the rotation of’the carrying belt 31.

When the recording head 11 is driven

' corresponding to an image signal while the'carriagev4 is

being moved, the recording head 1l records one line of an
imége on the_stopped paper 22 by ejecting ink droplets.
After carrying the paper 22 by a predetermined amount, the
next line of the image is recorded on the paper 22. When a
recording completion signal or a signal that the end of the
paper 22 reaches the end of the recording region is

received, the recording operation is finished, and the



roller 26 and the carrying belt 31 and an image is printed on the other
side of the paper 22 carried by the carrying belt 31 with timng control.
Aft er priwDi2ogy/126¢%¢ paper 22 on whose both sides i nmagespergrposmBioeds i S
output to the paper outputting tray 40. Next, ink (recording |iquid) using
in the inkjet recording apparatus is explained. Wien an inmage is printed by
the inkjet recording apparatus, it is peoper that dots applied to a paper
expand by penetrating along the fiber of the paper. Therefore, it is

pref er abl eaperugé iskounpwti ¢tlo chpapspen obitpotsingd tkeyt 4€ring of the dots
are as small as -possible. Therefore, the follow ng ink is reconmendabl e.
However, the ink is mptcdddridedHed Hdtat .sildds fporirthieng,nkjhetn reec dmigey
apparatus contains the follow ng conmponents (1) through (10) : (1) Pignent
(a sel f-di %pgrah@gdp'og%@ 5iGeMo¥ @heBEpee! 209t @lhe GAbYELLI AG agent 1 ;

(3) Vetting gent (4) Vﬂter soluble organi c solvent; (5) Anionic or
noni oni ¢ surf 0 her. .t hat I nor e
car bon atﬁﬁg % Eﬁb&g%bn %ﬁ res qg#ﬁvé B3 %gnE%VQ§§%ﬂy

5 rotating ‘the carrying belt 31, and the paper 22 is inverted.
The inverted paper 22 is supplied again betweén the counter
roller 26 and the carrying belt 31 and an image is printed
on the other side of the paper 22 carried by the cafrying
belt 31 with timing control. After printing, the paper 22

10 on whosé both sides images are printed is output to the
paper outputting tray 40.

- Next, ink (recording liquid) using in.the inkjet
recording apparatus is explainea. When an image is printed
by the inkjet recording apparatus, it is proper that dots

15 applied to a paper expand by penetrating along the fibeﬁ of
the paper. Therefore, it is preferable to use ink in which
expansion.of dots and feathering of the dots are as small
as possible. Therefore, the following ink is recommendable.
However, the ink is not limited to that.

20 | Ink for the inkjet recording apparatus contains
the following components (1) through (10):

(1) Pigment (a seif—dispersing pigment), 6 wt% or
more of total;
(2) Wetting agent 1;

25 (3) Wetting agent 2;



(9) PH adjustor; and (10) Deionized water. In this, a pignment as a col orant
for printing and a solvent for dissolving or dispersing the pignment are
used as asoeandd/Rbssgonponents and a wetting agent, a surfPatliazine/3 606

enul sion, a preservative, and a pH adjustor are further used as additives.
A wetting agent 1 and a wetting agent 2 are mxed so as to exploit the
characteristics of the respective wettizng-agents and to easily adjust the
viscosity of the ink. The kind of (1) pignent is not particularly limted
and bot h an i nor gani ¢4 pi Wareat - aotiulnhe oo p@@n tC pseredmt can be used. A s an

i norgani c pignment, there can be used any of carbon bl acks produced by

wel | -known net hods sysh msiéncenbachonedbhdd, sarfactace; met hod and a thermal
met hod as well as titaniumoxide and iron oxide. In addition, there can be

used as an organi ¢ pigirens1 R0 BLIEN (1 BehHEl RthaAZ 0 cbak@snsi nsoloubl e
azo pignments, condensed azo “pi gnents, chel ate-type azo pignents, and soon),

pol ycyclic pignents (fqr_exanple, phthal ocyani ne pignents, perylene
pignents;nﬁpfyﬁﬁﬁ%xfﬁéngﬁFg, ant hraqui none pignments, quinacridone pignents,
di oxazi ne pignents, thioindhgo R[gnents, i soi ndol i none pignments,
qui nopht hal one pi gment 5, EBRYS$8R6n) , chel ate-type dyes (for exanple,
chel ate-type basic dyes, chel ate-type acidic dyes, d

(8) Preservative;

(9) PH adjustor; and
(10) Deionized water.
In this, a pigment as a colorant for printing and
10 a solvent for dissoiving or dispersing the pigment are used
as essential components and a wetting agent, a surfactant,
an emulsion, a preservative, and a pH adjustor are further
used as additives. A wettihg agent 1 and a wetting agent 2
are mixed so as to exploit the ‘characteristics of the
15 respective wetting agents and to easily adjust the
viscosity of the ink. |
| The kind of (1) pigment is not particularly
limited and both an inorganiq pigment and an organicl
pigment can be used. As an inorganic pigment, there can be
20 used any of carbon blacks produced by well-known methods
such as a coﬁtact method, a furnace method and a thermal
method as well as titanium oxide and iron oxide.>>In
addition, there can be used as an organic pigment, azo
pigments (including azo lakes, insoluble azo' pigments,

25 condensed azo pigments, chelate-type azo pigments, and so



and so on), nitro pignents, nitroso pignents, aniline black, and so on.
Among these, a pigment having good affinity with water is preferably used.
The partiwbeoai/aswrzer of a pignent is preferably 0.05 mrctraridésrvees | ess,
nore preferably, 1 mmor less, nost preferably 0.16 mmor |ess. The content
of a pignent as a colorant in ink is preferably about 6% by wei ght to about
20%b y weight, nore preferably about- &gby wei ght to about 12% by weight.
As specific exanples of pignments that are preferably used, the fol | owi ng
pi'gnents amg ,prodliydgd]ifopikracic s ni€ox letaenpdan Ipbitpadwiaied iger bon bl acks
(Cl. pignent black 7 ) such as furnace black, |anp bl ack, acetylene bl ack

and channegl; flaafls, PIRISneIe geraNPYe Aiitbrid Pigrent i gnent bl ack 11),

titani um oxi'de, and organic pigments such as aniline black (Cl. pignent
b 80k L) sl A e Oty here g owsigh e pl oo
05, 100, RIS, 10RO TRH o B SErE S o PR R PR T o T
oranges 5 ,. 13, 16, 17, 36, 43 and 51, C I. pig t reds 1 ,.2 5
17, 225( bravineehthaane 4Imants 2 #ng 50 H) '48:%[](3&&‘9@’:%%@%% g@f*( Ba)),
48: 2 (permanent red 2B ' o '
example, chelate-type basic dyes, chelate-type acidic dyes,
and so on), nitro pigments, nitroso pigments, aniline black,
and so on. |
Among these, a pigment having good affinity with
10 water is preferably used. The particle diameter of a
pigment is preferably 0.05 pm to 10 pm or less, more
preferably, 1 pum or less, most preferably 0.16 pm or less.
The content of a pigment as a colorant in ink is
preferably about 6% by weight to about 20% by weight, more
15 preferably about 8 by weight fo about 12% by weight.
As specific examples of pigments that are
preferably uséd, the féllowing pigments are provided.
For black ink, there can be provided carbon
blacks (C.I. pigment black 7) such as furnace black, lamp
20 black, acetylene black and channel black, metals such as
copper and iron (C.I. pigment black 11), titanium oxide,
and organic pigments such as aniline black (C.I. pigment
black 1).

In addition, for color ink, there can be provided

25 C.I. pigment yellows 1 (fast yellow G), 3, 12 (disazo



(Ca)), 48:3 (permanent red 2B (Sr)), 48:4 (permanent red 2B (M1)), 49:1,
52:2, 53:1, 57:1 (brilliant carmne 6B), 60:1, 63:1, 63:2, 64:1, 81

(r hodam neo@@d ey, 83, 88, 101 (red iron oxide), 104, rt@HpP200661064d08
(cadmumred), 112, 114, 122 (quinacri done magenta), 123, 146, 149, 166,
168, 170, 172, 177, 178, 179, 185, 190, 193, 209 and 219, C.|. pignent
violets 1 (rhodam ne |ake), 3, 5:1,-189 39, 23 and 38, C.|. pignent blues
1, 2, 15 (phthal ocyanine blue R), 15:1, 15:2, 15:3 (phthal ocyani ne bl ue
E), 16, 1¥%ellcw6Ar0,and, 634,add,C24, Pidgmdd grieedd Ayeldow iromg 10,
17, 18 and 36. In addition, there can be al so used graft pignments obtained
by treatipgildes ,sw¥,acs,0B819 Bi3gneritsaEooryedlamwplER) ,c&5hod) widBh dQlssin
which is allowed to disperse in water and processed pi gnents obtai ned by

provi di ng jighe yyf ageeof 13 i gaeNt 10fQr 1@0eMI3s, aear heid), @.th a functional
group such ag a sulfone group or ‘a carboxyl group which is allowed to

di sperse in water. Further, [ nt, confali iy 1M @F acaps
al | oned té’l(ﬁn%eﬁle sogairﬁ?ematér&inagyg‘@ l}sﬁdge’?nwﬁﬂidﬁ accordi ngeztio t he

enbodi ments, it is preferahle that a.pi-gnent far, bl i,nk adgded into
i nk as®pi g®lR ldi Sperdi gh Bi7qui | o(ﬁ%ﬂr}gc?ng:y £ |S§:p25rc§ﬁ:ﬁgétg ’pit%an’e%ﬁw th a
di spersant in a water-soluble nmedium As a preferable disqgrsa t,.
wel | - knowd & siferdi Rpamanand wgsh 28 (Ba)), 48:2° (permanent red 2B

(Ca)), 48:3 (permanent :ed 2B (Sr)), 48:4 (permanent red 2B
(Mn)), 49:1, 52:2, 53:1, 57:1 (brilliant carmine 6B), 60:1,
63:1, 63:2, 64:1, 81 (rhodamine 6G lake), 83, 88, 101 (red

10 iron oxide), 104, 105, 106, 108 (cadmium red), 112, 114,

| 122 (gquinacridone magenta), 123, 146, 149,'166,ﬂi68, 170,
172, 177, 178, 179, 185, 190, 193, 209 and 219, C.I.
pigment violets 1 (rhodamine lake), 3, 5:1, 16, 19, 23 and
38, C.I. pigment blues 1, 2, 15 (phthalocyanine blue R);

15 15:1, 15:2, 15:3 (phthalocyanine blue E), 16, 17:1, 56, 60
and 63, and C.I. pigment greens 1, 4, .7, 8, 10, 17, 18 and
36. | |

In addition, there can be also uéed graft

pigments obtained by treating the surface of a pigment (for

20 example, carbon) with a resin which is allowed to disperse_h\

in water and processed pigments obtaihed by pr§viding thé

surface of a pigment (for example, carbon) with a

functional group such as a sulfone group or a carboxyl

group which is allowed to disperse in water.

25 Further, a pigment contained in a microcapsule



for preparing conventionally publicly-known pignment dispersion |liquid can
be used. As a material for the dispersing liquid, for exanple, the

f ol | owi ngwomb@wri2edos can be provided. That is, there canpo®pzoowsoeds pol y
(acrylic acid), poly (methacrylic acid) , acrylic acid-acrylonitrile
copol ynmer, vinyl acetateacrylic acid ester copolyners, acrylic acid-alkyl
acryl ate copol yners, styrene-acrylic-agigd-copol yner, styrenenethacrylic
acid copolynmer, styrene-acrylic acid-al kyl acrylate copol yners,

st yr ene- neintaaldwedadiod <l dpdr sacriyl atet eqopalyy sy $1sed.
styrene-oc-net hyl styrene-acrylic acid copol yner,

styrene-oc- et hyl stytgnenhas| yhtéoagifigatkythaceybatiemenps| yer ss
styrene-nal ei ¢ acid copol yner, vinyl napht hal ene-mal ei ¢ acid copol yner,

vi nyl acet;ﬁte%%trlwl]eenecl'f‘a@q }Hﬁnen\e BHr el arfidtdey e in®d ink
ny

est eret hyl'ene copol yners, v acetate-maleic acid ester copolyner, vinyl
acet ate-crot oni ¢ _aci d,.copol v.ner ar%gl.v' el ks anradd .98 4 copol yner.
In additi 6T P&@é‘bﬁf& ﬁjglstﬂ.(;ert%leonenlblo |lr(rie%§ag$l toﬁeglr esent inventi on, the
wei ght - average nolecul ar wei ghts of these %ﬁ%§¥5 s, are prefer bl¥r3,000
to 50, D00, PHEREN Bt} foI9 FUFF o 30, 00F qﬁ’rb er@ii Y7, 000° B 15, 000
The content of a dispersant is appropriately deternined so that a pignment
can be st aitefattaipey sHERaTE T the Walflfdetoymad SRAT i Ligieikomssht ratio
of a pignment to a ' .
' for preparing conventionally publicly-known pigment
dispersion liquid can be used.
As a material for the dispersing liquid, for
10 example, the following materials can be provided. That is,
there can be provided poly(acrylic acid), poly(methacrylic
acid), acrylic acid-acrylonitrile copolymer, vinyl acetate-
acrylic acid ester copolymers, acrylic a;id—alkyl acrylate
copolymers, styrene-acrylic acid copolymer, styrene-
15 methacrylic acid copolymer, styrene-acrylic acid-alkyl
acrylate copolymers, styrene-methacrylic acid-alkyl
aérylate copolymers, styrene-o-methylstyrene-acrylic acid
copolymer, styrene-a-methylstyrene-acrylic acid-alkyl
acrylate copolymers, styrene-maleic acid copolymer,
20 vinylnaphthalene-maleic acid copolymer, vinyl acetate-
ethylene copolymer, vinyl acetate-fatty acid vinyl ester-
ethylene copolymers, vinyl acetate-maleic acid ester
copolymer, vinyl acetate-crotonic acid copolymer and vinyl

acetate-acrylic acid copolymer.

25 In addition, according to the embodiments of the



di spersant is preferably 1:0.06 to 1:3, nore preferably 1:0.125 to 1:3. The
content of a pignent used as a colorant is 6% by weight to 20% by wei ght
per the twoabooes@ht of recording ink and the pignent i ecraridesfoesen of
particles with a particle dianeter of 0.05 mmto 0.16 mm. The particles
are dispersed in water with a dispersant and the dispersant is a polyneric
di spersant with a nol ecul ar wei ght ot 331080 to 100, 000. Image quality can
be inproved when at |east one pyrrole derivative, particularl -

pyrrol i dopgesesituiateas ianyatér selighite avegagecnedeveder Weicddsr @fto (2)
through (4) wetting agents 1 and 2 and a water-sol uble organic sol vent,
water is foregueridpblyredsasra Igr@fetamadi Bmoion itk SBYD00f,omomeanpl e, the
foll owi ng wat er-sol ubl e organi ¢ solvents nay be used in order to nake ink

have a deg] IMSi Galogdr QRET 3, 06®, RRS¥ENsré k& DY Af BODILoand, 000.
I nprove tﬁgerreg%s%?@ti on stabi | tiy of ink cgérrponents. Plural of these

wat er - sol ybl e organi.c sol vents e ; l-18%@AR! &etdnined

fol |l owi ng i99 e&ar?%? S défspte@av\% tﬁ%ﬁg%gd:g)%tré} an th'ee wat elrnseol ustg)l e

organi ¢ solvent are provided., T i here can b% 1A vi de |.ti - val ent
, L

h ,
al cohobs diat & RMIRFENES ?@olsa}cta&%lgi S&e Sgi%y EOl %t A Sl yeol |

propyl ene gl ycol, dipropylene glycol; tripropylene glycal, tetraethylene
gl ycol , heag emt glogdol | The content ratio of 'a pigment to a

dispersaﬁt is preferably 1:0.06 to 1:3, more preferably
‘ 1:6.125 to 1:3.
The content of a pigment used as a colorant is 6%
10 by weight to 20% by weight per the total weight of
recording ink and the pigment is in the form of particles
with a particle diameter of 0.05 pm>to 0.16 um. The
pafticleé are dispersed in water_witﬁ a dispersant and the
diépersant is a bolymeric dispersant with a molecular
15 weight of 5,000 to 100,000. Image guality can be imprdved
when at least one pyrrole derivative, particularly 2-
pyrrolidone, is used as a water-soluble organic sqlvent.
In regard to (2) through (4) wetting agents 1 and
2 and a wafer—soluble organic solvent, water is frequently
20 used as a ligquid medium in ink but, for example, the
following water—soluble organic solvents may be used in
order to make ink have a desired physical property, to
prevent ink from drying, and to improve the diésolution
stability of ink components. Plural of these water-soluble

25 organic solvents may be used. For example, the following



pol yet hyl ene gl ycol, polypropylene glycol, 1 ,5-pentanediol, 1

, 6- hexanedi ol , glycerol, 1,2 ,6-hexanetriol, 1,2,4- butanetriol, 1 ,2

, 3- but anewoi20é6/@6d7pent anetri ol ; nultival ent al cohol al legir/Jetdoesmesaich as
et hyl ene gl ycol nonoethyl ether, ethylene glycol nonobutyl ether,

di et hyl ene gl ycol nononet hyl ether, diethylene glycol nonoethyl ether,

di et hyl ene gl ycol nonobutyl ether, tetgaethylene glycol nonomethyl ether
and propyl ene glycol nonoethyl ether; nulti-valent alcohol aryl ethers such
as ethyl erpe@i¥ae cxanppeenylf ehbemweandnet hgleate ghycthenwadieanzyl et her;

ni t rogen-cont ai ni ng heterocyclic conpounds such as 2-pyrrolidone,

N-met hyl - %bFiY:.rbg%' idones cNaydraxyeths pravayedal i done, 1
, 3-di met hyl i m dazol i"di none, e- caprol actam and g-butyrol act one; ani des such

as formam de, N-neth %;Pf??”igﬁéﬁgdcghhhgi Lyl @ramnt devapshpes such as
nmonoet hanol i ne, di et hanolahi ne; Tri et hanol am ne, nonoet hyl am ne,

i et hy | S BLEGde SUE P EREVARET 110G D AtOL VAR Speady Care car bonat e
G ot hyb en SIS enehi Aot a RGPS FotHIEe. GLPCREVI6HS BaoL:
triethylene glycol, glycerol, 1,2 ,6-hexanetriol, 1, 2 ,4-butanetriol,
pent anet r itoli priopB-erentgdyedilol texr agimydiando s vaed  Nhes RS GG i done
are preferable.

' polyethylene glycol, polypropylene glycol, 1, 5-pentanediol,
1,6—hexanedibl, glycerol, 1,2,6-hexanetriol, 1,2,4-~
butanetriol, 1,2,3-butanetriol and'pentanetriol; multi-

10 valent alcohol alkyl ethers such as ethylene glycol
monoethyl ether, ethylene glycol monobutyl ether,
diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol monobutyl ether,
tetraefhylene glycol monomethyl ether and propylene glycpl

15 monoethyl ether; multi-valent alcohol aryl ethers such as
ethylene glycol_moﬁpphenyl>ether and ethylene glycol
monobenzyl ether; nitrogen-containing heterocyclic
compounds such as 2—pyrrolid9ne, N—methyl—2—pyrrolidone, N-
hydroxyethyl-2-pyrrolidone, 1,3—dimethylimidazolidinone, e-

20 caprolactam and Y-butyrolactone; amides such as formamide,
N-methylformamide and N,N-dimethylformamide; amines such as
monoethaholmine, diethanolamine, triethanolaﬁine,
monoethylamine, diethylamine and triethylamine; sulfur-

contaning compounds such as dimethylsulfoxide, sulfolane

25 and thiodiethanol; and propylene carbonate and ethylene



These sol vents have excellent properties in the solubility of ink
conponents and the prevention of ink jet failure caused by vapori zation of
wat er. A woabdwenessetti ng agents, wetting agents contai nipog/Jemesnkes i de are
preferable. As specific exanples of saccharides, onosacchari des,

di saccharides, oligosaccharides (including trisaccharides and
tetrasaccharides) and pol ysacchari des @&n-be provided. Preferably, there
are provided glucose, mannose, fructose, ribose, xylose, arabinose,’

gal act osecamblonese,. cel | obi ose, | actose, sucrose, trehal ose and
maltotriose. In this, polysaccharides are saccharides in a broader sense,
i ncl udi ng subst ancesainbay aheswi degankxi sbingnta, neéutécslzhlys

a-cycl odextrine and cellulose. In addition, as derivatives fromthese

sacchari degg e thialdh £ 1L ROV @HidRd otediead srRAskRaNydesd igAnddle 200 -
af orement i oned "succharides (for exanple, represented by sugar al cohols

(general  fgrgrular, OO 2d QIO NCACHe MhGT & 1 EHiAsERkS 181, | Nt eger of 2
to 5 ) ), oxi'diZzed saccharidestromthe af orementi oned succharides (for
Part | ool ating AT s DG Bearardn & s R BRI Aol s O
thereof, maltitol and sorbitol are provided., The content of e sacchari de
is appropﬂ%ﬁﬁﬂ%ﬁqqpe and N-methyl-2-pyrrolidone are preferable.
. These solvents have excellent properties in the solubility

of ink components and the prevention of ink jet failure

caused by vaporization of water.

10 As other wetting agents, wetting agents
containing a saccharide are preferable. As specific
examples of saccharides, onosaccharides, disaccharides,
oligosaccharides (including trisaccharides and
tetrasaccharides) and polysaccharides can be provided.

15 Preferably, ﬁhere are provided glucose, mannose, fructose,
ribose, xylose, arabinose, galactose, maltose, cellobiose,
lactose, sucrose, trehalosé and maltotriose. In this,
polysaccharides are saccharides in a broader sense,
including substances that are widely existing in nature

20 such as oa-cyclodextrine and cellulose.

In addition, as derivatives from these
saccharides, there can be provided reduced saccharides from
the aforementioned succharides (for example, represented by

sugar alcohols (general formular HOCH;(CHOH),CHOH, where n

25 represents an integer of 2 to 5)), oxidized saccharides



the range of 0.1% by weight to 40% by weight, preferably 0.5% by weight to
30% by wei ght per an ink conposition. In addition, (5) surfactant is not
parti cul avbyodd1rsdeed and, as an anionic surfactant, for pexrarploe3ivebere can
be provi ded pol yoxyet hyl ene al kyl ether acetate salts,

dodecyl benzenesul fonate salts, laurate salts and pol yoxyet hyl ene al kyl
ether sulfate salts. A s a nonionic sughactant, for exanple, there can be
provi ded pol yoxyet hyl ene al kyl ethers, polyoxyethyl ene al kyl esters,

pol yoxyehyl-gpesaebiirar cfiahity oaeidd sesthes idpsl| {doyeekphpie, abkg@opheny|

et hers, pol yoxyethyl ene al kyl am nes. and pol yoxyet hyl ene al kyl am des. The

noni oni ¢ ?H&Eac (. 2ahs carike wsedssepanat ahiner aci deoabidnahien actiast.he
enbodi ments of the present invention, the surface tension of ink is an

i ndex of per ahiJit hQ arRapeerchdbhieCulndr | us the dynam c
surface t ﬁ§| g% H s"S(Jthlrn‘_ﬂl&ok%rt tfneﬁpgrﬁo equal to or less than 1

second after the fornatlon t he i nk r.f age, i nt fromthe
static sufPECe TienS*GHPIrES %&‘e\ﬁl‘?logh f“? alé:l?(r\le(?n%{l%or%algter s%turatl on tine.
As a neasur.enent nethod of the surface tension, any of nethods capabl e of
measur$ ngpew id@dani ¢ surface tension of ink mnthln 1 second or |ess such
as a conventional publicly-known nmethod disclosed in Japanese Laid- Qpen

Pat ent Applicati on NOhe68on08n237f the éavvhﬁékﬁ? éés@ﬁﬁﬁ@ﬁrﬁﬁﬁFEYtyﬁe
surface tension

the range of 0.1% by. welght to 40% by weight, preferably
0.5% by weight to 30% by weight per an ink composition.
In addition, (5) surfactant is not particularly

10 limited and, as an anionic surfacfant, for example, there
cén be provided polyoxyethylene alkyl ether acetate salts,
dodechbenzenesulfonate sélts, laurate salts and
polyoxyethylene alkyl ether sulfate salts.

As a nonionic surfactant, for example, there can

15 be provided polyoxyethylene alkyl ethers, polyoxyethyleﬁe
‘alkyl esters, polyoxyehylenesorbitan fatty acid esters,
polyoxyethylene élkylphenyl ethers, polyoxyethylene alkyl
amines and polyoxyethylene alkyl amides. The nonibnic
surfactéhts can be used separately or in combination.

20 , In the embodiments of the present inventibn, the
surface tension of ink is an index of the permeability of
ink into a paper, particularly, fhe dynamic surface tension
of ink within a short time period équél to or less than 1
second after the formation of the ink surface, and is

'25 different from the static surface tension of ink which is



measuri ng apparatus can be used for the neasurenent in the present

i nvention. The surface tension is preferably 40 ml/cm 2 or |ess, nore

pr ef er ablwo3boem2ée®m 2 or | ess for obtaining excellent fipgatypmwearndodryi ng
properties of ink. In regard to (6) polyol or glycol ether that contains 8
or nore carbon atons, it has been found that when 0.1% by weight to 10.0%
by ‘wei ght of partially watersol ubl e polygolk and/ or glycol ether having a
solubility of 0.1% by weigh or greater and | ess than 4.5% by weight in

wat er at Zea@Gredsathoasafakr2setthylatlion3theranedisol freciswriemenyt: 4. 2% (20
0C)) and (b) 2 ,2 ,4-trinmethyl-1, 3- pentanediol (solubility: 2.0% (25 0Q))
i s added pRRkHRE ofotak werghteoftdrRGendi RGy B, mekh®odet taalpadbltey of the ink
to a thermal el enment can be inproved and the ejection stability and

ffequency b gkapan Re . ohtal nedsavwen o o yidrssall amount of
t he pol yo tc?%méjlly? t(Plet 'ﬁg alfns%added The pesnetrant lhaV| nlg a solubility of

0.1%b t I t Ch

| ow soI/u\tI)v?S:“:i%t C{)l?%r ﬁ%g’%r i ugg\/gre?ts Zg eéecﬁy \Ié%%g:lt% bll%‘?@o T%It%?)e or eas
th nmbi nat f.th t t th I bI t % t
and | 35 AT PSR b WBPGRE S LS 't@-'e Zﬁa Lyt %I" wor

anot her surfactant -all ows producing ink with very high 'permeabl I i ty It is .
preferabl @327 /i mndaec Hridiheg mvo Stqﬁpended plate- tYPe surface tension

measuring apparatus can be used for the measurement in the.
presentlinvention. The surface tension is preferably 40
mJ/cm’ or less, more preferably 35 mJ/cm? or less for
10 obtaining excellent fixation and drying properties of ink.
In regard to (6) polyoi or glycol ether that
contains 8 or more carbon atoms, it has been found that
when 0.1% by weight to 10.0% by weight of partially water—
soluble polyoi and/or glycol ether having a solubility of
15 0.1% by weigh or greater and less than 4.5% by weight in
water at 25 °C, suchvas (a) 2-ethyl-1,3-hexanediol
(solubility: 4.2%.(20v°C)) and (b) 2,2,4—trimethylj1,3—
pentanediol Isolubility: 2.0% (25 °C)) is added per the
total weight of recording ink,.the wettability of the ink
20 to a thermal element can be imprqved and the ejection
stability and frequency stability of ink can be obtained
even if only a small amount of the polyol or glycol ether
is added.
The penetrant having a solubility of 0.1% by

25 weigh or greater and less than 4.5% by weight in water at



enbodi ments of the present invention contain a resin emulsion. The resin
emul si on has a continuous phase of water and a di spersion phase of resin
conmponentwPocaedool | ows. A s a resin component for thepdmspamaBﬁmmphase
there can be provided acrylic resins, vinyl acetate-based resins,

styrene- but adi ene- based resins, V|nyI chl ori debased resins,

acryl - styrene-based resins, butadiene-h@sed resins and styrene-based
resins. According to the embodi nents of the present invention, it is
preferablQgth@thggelbessalbslalﬁplyﬂErhhavangabmahtaghydfophrylblghlety and
a  hydrophobic noiety. In addition, the particle diameter of the resin
corrponent ﬁesm{ggblgairtt}; culfmrelr)éﬂdrfé t ethd fccamilngitdenc arf héheolpteaietachntHowever ,
the particle dianmeter is preferably about 150 nmor less, nore preferably

about 5 niy tﬁ%eas%%t}bﬂﬂ QN@ 1Eh%§ﬁ‘ JBYH RMY 00T Ga he abtained s mi xing

resin particles I'n water, Wth surfactant if necessary. For exanple,

enul si on %;,acryllc reaéﬁcns Fa%é Léggﬁﬁdfagg gegan ? g%kﬂ Qed by

m xi ng a( ) acry €s and
styrene, with a surfactant i f necessar

rate o tHMTEGHRHoMRR R W?FQ%eYQErVaE aﬁ?er 6g§f§%a agéﬁt "10: 1

to about 5:1. If the content of the surfactant is |ess than the
af orement i oned It is preferable that ink according to the

embodiments of the present invention contain a resin
emulsion. |

The resin emulsion has a continuous phase of

10 water and a dispersion phase of resin component(s) as
follows. As a resin component for the dispersion phase,
there can be provided acrylic‘resins, vinyl acetate-based
resins, styrene—butadiené-based resins, Qinyl cthride—
based resins, acryl-styrene-based resins, butadiene-based

A15 resins and_styrene—based resins.

According to the embodiments of the present
invention, it is preferable that the resin be a polymer
having both a hydrophilic moiety and a hydrophobic moiety.
In addition, the particle diameter of the resin component

20 is not particularly limited if emulsion can be obtained.
However, the particle diameter is preferably about 150 nm
or less, mote preferably about 5 nm to about 100 nm.

These resin emulsions can be obtained by mixing
resin particles in water, with a.surfactant if necessary.

25 For example, emulsion of acrylic resin or



quantity range, it may be difficult to obtain enulsion. On the other hand,
if the content is over the aforenentioned range, the water resisting
property wb 2005ki20@y be degraded and the perneability of pcmkriesdmeto
degrade, which are not preferable . The proportion of a resin as a
conponent of the emulsion and water is 60 parts by weight to 400 parts by
wei'ght per 100 parts by weight of the #&sin, preferably in the range of 100
parts by weight to 200 parts by weight. As conmmercially available resin
emul si ons stiylrene -are yli-Sest dVresdgelcaB- b@0 2baed nvide foyg 81 xEng0@A n)
(styreneacrylic resin emul sions, produced by N ppon Paint Co., Ltd.),
Boncoat 4Qekthaeatylateesstedmalrsboeih ar(odudecttiy abaiylisggore sitek: Amd

Chem cals, Inc.), Boncoat 5454 (styreneacrylic resin emulsion, produced by

)
DainipponSE&& I Ghe'll GlshrfaRGaht SAENEREA sty anewagley.ic resin
enul si on, produced by N ppon Zeon Co., Ltd.) and Sai bi nol SK-200 (acrylic

resin el gn; i odyced, % Spi den GheGal: JNSb o (o)L ich JeH

addi ti on, resi’n enul’'sion s containe o that the content of a resin

COMONEN! 43 BLSIE 0L PRl oS! A A Al e prglersbl 1
aggl omer atci or;g: eelrt0 poefr tfi heeS 'ssuor f%sc tta?d t? lipsp rl(?assss ttr}lea np et%eé[ ra%toi f()e% e%ft i% nCeO oring
guantity range,.it may be difficult to obtain emﬁlsion. On
the other hand, if the content is over the aforementioned
range, the Water resisting property of ‘ink may be degraded
10 and the permeability of ink tends to degrade, which are not
preferable.

" The proportion of a resin as a component of the
emulsioh and water is 60 parts by weight to 400 parts by
weight per 100 parts by weight of the resin, preferably in

15 the range of 100 parts by weight to 200 parté by weight.

As commerciallyvavailable resin emulsions, fhere
are listed Microgel E-1002 and Micrégel E-5002 (styrene-
acrylic resin emulsions, produced by Nippon Paint Co.,

Ltd.), Boncoat 4001 (acrylic resin emulsion, produced by
20 Dainippon Ink And Chemicals, Inc.), Boncoat 5454 (styrene-
acrylic resin emulsion, broduced by Dainippon Ink And
Chemicals, Inﬁ.), SAE-1014 (styrené—acrylic resin emulsion,
produced by Nippon Zeon Co., Ltd.) and Saibinol SK-200

(acrylic resin emulsion, produced by Saiden Chemical

25 Industry Co ., Ltd.).



conmponent and to accelerate the fixation of ink on a recording nmedium In
addtion, a certain kind of resin emulsion fornms a coating on a recording
medi um anwloi2opww@s t he rub resistance of printing. Furrbenp2me/310606
conventional | y-known additive can be added in addition to the

af orenenti oned pignent, solvent and surfactant. For exanple, as a
preservative and fungi-proofing agent, 4godi um dehydroactate, sodi um
sorbate, sodium 2- pyridinethiol-21-oxide, sodium benzoate, sodium

pent achl or ophenol at eInaaddsoion, cane beesisedenul $ henpi esepptébnedt $on. As a
pH adj ustor, any kind of substance can be used if the pH of ink can be

adj ust ed tt?ma7c @h 0T RRlRIn M QUtr ead ve s nafiftedts g effeararied 6.1& As
exanpl es of the pH adjustor, there are provided am nes such as

di et hanol ani.ng .and t 4Lt e K Yre FRA1 VG X RS GHHCR AS
.Iithiun1ﬁﬁﬁi§5iﬁ§ %giﬂqgﬁﬁ%%$%Yiggﬁgn§J5%tassi321hy3§GXide, anmoni um

hydr oxi de, quat er naryy .amoni um.hydr oxi de, quaternary phosphoni um hydr oxi de,
and aIkaHé%%B ‘%%¥¥§bné5%§J§ﬁch-as | it hi um carbonat e, sodi um car bonat e

and pot assi.um carbonate. A s chelatjng agents, .for exanple, there are
provi déd sodiun1ethyﬁéﬁé6iﬁﬁPﬁéﬂﬁprgégngﬁﬁ,egbaguﬁpaigEFEBFFFQ%éPﬁte,

sodium properties‘so as to suppress the penetration éf a coloring
compoﬁent and to accelerate the fixation of iﬁk on a
récording medium. In addtion, a certain kind of resin
emulsion formé a coating on a recording medium and improves
10 the rub resistance of printing.

Further, a conventionally—known_additive can be
added in addition to the aforementioned pigment, solvent
and surfactant.

For example, as a preservative and fungi—proofing

15 agent, sodium dehydroactate, sod;um sorbate, sodium 2-
pyridinethiol-l-oxide, sodium benzoate, sodium
pentachlorophenolate, and so on can be used in the present
invention.

As a pH adjustor, any kind of substance can be

20 used if the pH of ink can be adjusted to 7 or greater
without adversely affecting prepared.ink.

As examples of the pH adjustqrh there are
provided amines such as diethanolamine and triethanolamine,

alkali metal hydroxides such as .lithium hydroxide, sodium

25 hydroxide and potassium hydroxide, ammonium hydroxide,



hydr oxyet hyl et hyl enedi am netri acetate, sodi um

di et hyl enetri am nepent aacet at e and sodi um uram | di acetate. As

anti - corrweizve/agent s, for exanple, there are provided acirdpmossiokid es,
sodi um t hi osul fate, antinony thioglycollate, diisopropylamoniumnitrite,
pentaerythritol tetranitrate and di cycl ohexyl ammoniumnnitrite. When such
prepared ink that contains, at |east - d@9%ignent, wetting agents, a polyol
or glycol ether having 8 or nore carbon atons, an anioni c or, nonionic

sur f act antguad exatary- SEIEBI &M hySHiox 1661 v e teFdaRyt SROSPRGRR t he
concentration of the pignent is 6% by weight or greater and the ink

Vi scosi ty Hyslr®xdpleqr agrieatldm 1(i2med@l) daghopedesa sgebd asollgrthiome (with a
sufficient color devel opnent property and sufficient color reproducibility)
, hi gh i mega1enRGNt Isdiem addrede iamp@otealsityn watdboiatfeeat heri ng on
| etters or images can be obtained at the time of printing on a nornal

paper. Next, a contrplling) sechioRgehtthesbpkiginscor dtngrappagat us
according to the enb%%i%@%ts ofbthg pr esent inveﬁ?ion is gxplained. Fig. 7

is a blLock diagram shaw n ontrallj. [ t he inkjet recording
appar a% us parcocvdrq%q gq Uf‘h%tee}lﬁ%c? |eﬁ§rﬁrdslq%ftset%a%%§getﬁt’ %{év&émn?on. A s shown

in Fig. 7, a controlling sectigon 200 of
nitrilotriacetate, sodjium

hydroxyethylethylenediaminetriacetate, sodium
diéthylehetriaminepentaacetate and sodium uramildiacetate.
As anti-corrosive agents, for example, there are
10 provided acidic suifites, sodium thiosulfate, éntimony
thioglycélléte, diisopropylammonium nitrite,
penfaerythritol tetranitrate and dicyclohexylammonium
nitrite.
When such prepared ink that contains, at least, a
15 pigment, wettiﬁg agents, a polyol or glycol ether having 8
or more carbon atoms, an anionic or nonionic surfactant, a
water-soluble organic solvent and wateriin which the
concentration of the pigment is 6% by Qeight or greater and
the ink viscosity is 8 cp or greater‘(25 °C) is used, a good
20 color tone (with a spfficient color development property
and sufficient color reproducibility), high image
concentration and clear image quality with ﬁo feathering on
letters or images can be obtained at the time of printing
on a normal paper.

25 Next, a controlling section of the inkjet



t he inkjet recording apparatus includes a CPU 201 which controls all the
elenments in the inkjet recording apparatus, a ROM 202 in which a program
execut ed Wy 20612680 201 and ot her fixed data are storedpca/JRANG2(80d n whi ch
i mge data and other data are tenporarily stored, a non-volatile nmenory
(NVRAM 204 which is a rewitable nenory for storing data even when power
to'the apparatus is off, and an ASI C_2@p, -whi ch perforns signal processing
for image data, inage processing such as order changi ng of data, and i nput
and out putregicddangP@easeitng hecotaihwollo nget kebedtimentapedr &hgs. Furt her,
the controlling section 200 includes an I/F 206, a head driving controller

207, a hegqe%rén\terin%%%,ti%nrr&isne ARG .di Faeti an iBDEOL 1k @i adklm a sub

scanning direction notor driver 211, an AC bias voltage supplying section

212, and an 1/.0 213. LAE 2086 r iLvesd th IS+ i gnal s
ﬁ%%ﬁ%ngTﬁbcﬁgggo l;n% @ec%ﬁ§h1%§¥th%n§Wﬁ5%t‘yé%d¥a1§§

fromto a rivi'ng controller 207 controls the iving of the
recordi ng head 11 by inclyding a data transferrin it taot recor di.ng
head 11. PREAFSHIURSRATLHY %(?r itg‘& el“%}o TS ¢ el{?léec rr%s%glthead 11 in
the carriage 4 . The main scanning direction notor driver 210 drives the
mai n seannin¥grdiyweti on notor 5 . The sub scanning direction notor driver

211 drives the sub scanning direction notor 36, The AC 'bi as vol t age
suppl yi ng section 21BsseppwhesnaRigC 7, a controlling section 200 of

the inkjet recording apparatus includes a CEU 201 which
controls'all the elements in the inkjet recording apparatus,
a ROM 202 in which a program executed by the CPﬁ 201 and

10 other fixed data are stored, a RAM 203 in which image data
and other data are temporarily stored, a non-volatile
memory (NVRAM) 204 which is a rewritablé memory for storing
data even when power to the apparatus is off, and an ASIC
205, which performs signal processing for image data, image

15 processing sucﬁ as order changing of data, and input and
output signal processing for controlling the entire
apparatus.

Further, the controlling section 200 includes an

I/F 206, a head.driving controller 207, a head driver 208,

20 a main scanning direction motor driver 210, a sub scanning
direction motor driver 211, an AC bias voltage supplying
section 212, and an I/0 213. The I/F 206
receives/transmits data and signals from/to a host. The
head driving controller 207 controls the driving of the

25 recording head 11 by including a data transferring unit to



bias voltage to the charging roller 34. To the I/0 213, pul ses detected by
a |linear encoder 74 and a wheel encoder 236, a signal detected by a

t enper at we 28@nR6697215 whi ch detects an anbi ent tenper aturgp2msdissognal s
detected by other sensors (not shown) are input. An operating panel 214

whi ch necessary information is input to and is displayed on is connected to
the controlling section 200. The contrghl ng section 200 receives print
data and so on fromthe host such as an information processing apparatus

| i ke a petrengkceedpuigeheadnlinag®heehdadgdapyeratG§ I(Pkévam Lfage scanner,
and an i mage taking apparatus like a digital canmera at the I/F 206 via a

cabl e or grRpgtworke TheoeBYndOheh theigomheokhirngagecti.onTR@Omadal yzes
i mge data by reading the data froma receiving buffer in the I/F 206,

causes th n80Ri LhoLMLRECaSSIRY bABJGrRAGesskNgadRd change the
order of ggégkggﬁd%#%%ﬁg grs ?Ee processed i mage data to the head driver

208 via the head drjving.controller 20 ratil : .ern data for
outputtinﬁCéﬁnﬁﬁﬁg915§ﬁ%68np5938fn3d béhgfggﬁngE gﬁﬁgéaggE?%E%%@ ROM 202 or
can be obtained froma printer driver in the host in, whigc nag§6data

are transPetREd dLEE il ey s ththeS aﬂcﬁ??%?%gdﬁﬁﬂng?$2$O%Bf
transfers the imge data as serial data to the head dri'ver 208 and al so

The AC bias voltage supplying section 212 supplies an AC
bias voltage to the charging roller 34. To the I/0 213,
pulses detected by a linear encoder 74 and a wheel encoder
236, a signal detected by a temperature sensor 215 which

10 detects an ambient temperature, and signals detected by
other sensors (not shown) are input. Ankoperating panel

- 214 which necessary information'is input to and is
displayed on is connected to the'éontrolling section 200.
The controlling section 200 receives print data

15 and so on from the host such as an information processing
apparatus like a personal computer, an image reading
apparatus like an image scanner, and an image taking
apparatus like a digital camera at the I/F 206 via a.cable
or a network.

20 The CPU 201 in the controlling section 200
analyzes image data by reading the data from a receiving
buffer in the I/F 206, causes the ASIC 205 to perform
necessary image processing and chénge the order of data,

and transfers the processed image data to the head driver

25 208 via the head driving controller 207. Generation of dot



outputs a transferring clock, a latch signal, a control signal, and so on
whi ch are necessary for transferring the inage data and confirm ng the
transfer wo avéweizb@ad driver 208. In addition, the head dcirupmgesmabg ol | er
207 includes a D/ A converter which converts digital pattern data of driving
pul ses read out fromthe ROM 202 by the CPU 201 into anal og data and a
driving waveform generator conposed of sgn-anplifier and so on, and outputs
a. driving wavef orm conposed of one driving pulse (driving signal) or plural
driving puateerno data Head adrtipudrt i2Q8 anTHaagea¢ady ibfe PP G &Y t he
recordi ng head 11 by sel ectively applying driving pul ses of which a driving
wavef or m isk cxanRe SR t0icedta firprodhekdea@d 2drirvicag kentatdid ierefrdmased on
serially input inmage data corresponding to one |ine of the recordi ng head

11 to the {6308l QGLiNLr SlfNEY Hedk (BCLAAL kHY inheyd elradiang head 11.

The main scanning direction notor driver 210 drives the main scanning

direction nmotor. 5 Vvia. el { driver by calculating a control
val-ue basé&%ﬂ?%a%ﬁ%efﬁgé Egﬁgﬁ%lxgﬁéﬁﬁthe CPU 201 and a speed detecting

S L ably. the sub SEBRNNAGIARF et PBnCRTBP TP Fuer 121 1o HFLOES TRE sub
scanning direction notor 36 via an internal notor driver by %flcq;ating a
control valmgge data as serial data to the head driver 208 and also
outputs a transferring clock, a latch signal, a contrpl
signal, and so on which are necéssary for transferring the
image data énd confirming the transfer -to the head driver
10 208. in addition, the head driving controller 207 includes
a D/A converter which converts digital pattern data of |
driving pulses read out from the ROM 202 by the CPU 201
into analog data and a driving waveform generator composed
of an amplifier and so on, and outputs a driving waveform
15 composed of one driving pulse (driving éignal) or plural
driving pulses to the head driver 208.

The head driver 208 drives the recording head 11
by selectively applying driving pulses of which a driving
waveform is composed given from the head driving controller

20 207 based on serially input image data corresponding to one
line of the recording head 11 to the piezoelectric element
121 (actuator) of the recording head 11.
The main scanning direction motor driver 210

drives the main scanning direction motor 5 via an internal

25 motor driver by calculating a control value based on a



based on a target value given fromthe CPU 201 and a speed detecting val ue

obt ai ned by sanpling detection pulses fromthe wheel encoder 236. Next,

ref erri ngwDQ@ob6/136698

conposed afaryjat Maldie Givgrpuirzes tier iCAWQ@Si gmal €) sipeeshaeldtactdimgpl et

ejecting cycle and outputs the driving waveform and a data transferring

section 302 Wi IbtutRd $y G datp ddyddiichatpal sesa firansfiay rlirgast ock,

t he head driving controller 207 amdTtiRrzobsadodri ver
208 are explained. Fig. 8 is a block diagram showi ng a part of the head

driving controller 207 and the head driver 208 shown in Fig. 7 .
inFig. 8,

As shown
the head driving control l.es32Q7 i ncludes a driving waveform
generator 301 which generates a driving waveform (conmon driving waveform

a

Iatching signal, and ink droplet control signals MOto M3 . The ink- droplet

control
315 of th
control

regi st ér

.signals M O to.
of the connDndr|V|ng ﬁﬁ%
becones an L |l evel. when not seI ected. The head driver 208 |ni des a shift

ift®r 314,

eq,{?Ad} Mago M3 instruct opening and closing of an anal og switch
dH

ver 208 every ink droplet. Each of the ink dropl et

mes “an Ieve én sel ected, and

Finiver | Zk RS g tstﬁizscaamh‘ét% S5Oy RN

and the analog switch 315. To the shift ister 311, the transferring
cl ock (shidn Iﬂtﬁﬁ@akumpﬁﬁﬂldﬁlv¢muﬁycﬁﬁk?# afhng ‘a control value

10

based on a target value given'from the CPU 201 and a speed
detecting value obtained by sampling detection pulses from
the wheel encoder 236.

Next, referring to Fig. 8, the head driving

" controller 207 and the head driver 208 are explained. Fig.

15

20

25

8 is a block diagfam showing a part of the head driving
controller 207 and the head driver 208 shown in Fig. 7.

As shown in Fig. 8, the head driving controller
207 includes e driving waveform generator 301 which
éenerates a driving waveform (common driving waveform)
composed of plural driving pulses (driving signals) in one
ink droplet ejecting cycle and outputs the driving waveform,
and a data transferring section 302 which outputs image
data (print data’, a transferring clock, a latching signal,
and ink droplet control signals MO to M3. The ink droplet
control signals MO to M3 instruct opening and closing of an
analog switch 315 of the head driver 208 every ink droplet.
Each of the ink droplet control .signals MO to M3 is

selected corresponding to an ejecting cycle of the common

2/85; hegtég‘ g855§§ ngwgcmgoﬂnmgltggtl ng cycle



the data transferring section 302 are input. The latching circuit 312

| at ches each register value of the shift register 311 by a | atching signal.
The decodwo 28ds3126@codes the i nage data and the ink droplret/jemntsmsosi gnal s
MOto M3 and outputs the decoded results. The level shifter 314 shifts
the level of a logic |evel voltage signal of the decoder 313 to a |l evel by
which the anal og switch 315 can be opemated. The anal og switch 315 is
opened or closed by an output fromthe decoder 313 given via the |evel
shifter 34ivikg WalT®raniaingh b3tomes eonmiediese 1t whiehe sieddioriedlialansl ect r ode
153 (selection el ectrode) of the piezoelectric elenent 121, and the common

driving wayefqrdn i, iAWy gRehhe ofr isdlre teri.ef orm generat or 301 to the
anal og switch 315. Therefore, the analog switch 315 becones ON

correspondi ng to theg,de d t f [ dat tehe 3iink
dropl et control S|g§5g ﬁ%ﬁﬁ dgﬁfgkdgggdége%§a%ﬁeggggé gr%g ggtand a desired

?Lééé??élﬁﬁ%nﬁn@éé‘%ﬁ%@@ A oD %‘”ﬂés LIREN SR er

e plézoelectrlc e ene nt™ "1
Next, referring to Fig

, an o ratlon Jﬁggad driver i
expl ai hed.arm ¢h® arsalepq |5mlr¥g:hj|3§g'3r-ast% %gﬂ’t cfﬁ@rlasﬁed:n t ht}%ead
driver 208 shomn in Fig. 8.
' transferring clock (shift clock) and serial image data from

the data transferring section.302 are input. Thé latching.
circuit 312 latches each register falue of the shift
register 311 by a latching signal. The decoder 313 decodes

10 the image data and the ink droplet control signals MO to M3
and outputs the décoded results. The level shifter 314
shifts the level éf a légic level voltage signal of the
decoder 313 to a level by which the analog switch 315 can
be operated. The analog switch 315 is opened or closed by

15 an output from the decoder 313 given via the level shifter
314.

The analog switch 315 is connected to the
individual_electrode 153 (selection electrode) of the
piezoelectric element 121, and the common driving waveform

20 is input from the driving waveform generator 301 to the
analog switch 315. Therefore, the analog switch 315
becomes ON corresponding to the decoded results of serial
image data and the ink droplet control signals MO to M3
decoded by the decoder 313, and a desired driving signal in

25 the common driving waveform is passed (selected) and the



First, as shown in Fig. 9 (a) , the driving waveform generator 301 outputs
a common driving waveformincluding plural pulses (driving signals) P, P2,
and P3 i nwoneodmnkedr opl et ejecting cycle. That is, the eoryemEBicdINg
waveformfalls fromthe reference voltage (electric potential) VI (the
vol une of the liquid chanber 106 is expanded) , after the passage of a
prédeterm ned holding tinme, the commnsdyiving waveformrises toward the
reference voltage VI (the volume of the liquid chanber 106 is decreased)
and t hese gy reantd mueichg Ailgarage disnkprldedetta & Homieddal ecdusiang t he

pul ses PI and P2 to eject two ink droplets and to integrate the two ink
droplets whidgedheypare flying (airborne) . In addition, a mediumink
droplet is ejected by causing the falling voltage of t he pul se P2 to be set
| ower than that of t ul [ on e ofFURther, a
smal | ink droplet |5R§1 gét ng%r%g Irjﬁg@ﬁtg%e :‘9)6{1 Fﬁnaﬁsgatgégg of Fhe pul se P3
to be set t han t, of t e pul se P y; £au Ao e of
the pul se h?:av&cfhﬂ‘é%r ]a“fStee?(rP ?le nngo y %jhesc%ulsesgwaﬁmeig%ﬁe | ar ge
ink droplet- is selected, as shown_ in Fig ‘?ﬁé?oé ) t he d ving

wavef oPm g@mm%rtmpmm%ﬂ T ae It "(J%‘feert 5c(gan Slbcﬂwr’slljh 190 whi ch
becones an H level in the periods Tl and T2 correspondi'ng to the pulses P
and P2 . Vhen the nediumink droplet is selected,

Fi;st, as shown in Fig. 9 (a), the driving
waveform generator 301 outputs a common driving waveform
including plural pulses (driving.signals) Pl, P2, and P3 in

10 one ink droplet ejecting cycle. That is, the common
driving waveform falls from the reference véltage (electric
potential) V1 (the volume of the ‘liquid chamber 106 is
expanded), after the passage of a predetermined holding
time, the common driving waveform rises toward the

15 reference voltage V1 (the volume of the liquid chamber 106
isldecreased), and these are cohtinued.

A large ink erplet is formed by.causing-the
pulses Pl and P2 to‘eject two ink droplets-and téintegrate
the two ink droplets while they are flying (airborne). In

20 addition, a medium ink dropiet is ejected by causing the
falling voltage of the pulse P2 to be set lower than that
of the.pulse P1l, by usiné only the pulse P2. Further, a
small ink droplet is ejected by causing the falling voltage
of the pulse P3 to be set lower.than that of the pulse P2

‘25 and by causing the voltage of the pulse P3 to rise with a



as shown in Fig. 9 (d) and (e) , the driving waveform generator 301 outputs
a nediumink droplet control signal M| which becones an H level in the
peri od Tavoanserpondi ng to the pul se P2. Wen the snal | pcmlgpeineplosts i s

sel ected, as shown in Fig. 9 (f ) and (g) , the driving waveform generat or
301 outputs a small ink droplet control signal M2 which beconmes an H | evel
inthe period T3 corresponding to the pylse P3. At the tine of

non-ej ection, as shown in Fig, 9 (h) , the comobn driving waveformis

mai nt ai nedtiep,t by nefieagened wahteagml¥e. PBherefore, corresponding to the

i mge data transferred fromthe data transferring section 302, the |large

ink droplet, the mediyanifkedi@pget inkherspbét ismksdreptet, asdshben
non-ej ection can be selected. That is, multi-level dots with four

or adal | ong €39 e of LTRd oy )2 |08 %%ingA WERAWEIGjonct 5B 3ol , and

non-ej ection of a ,an inmage processing apparatus is explained in
whi ch apparatus a pr.ogram.causj ng .a,co £ C i rQGcessi ng
ot hod | N B T Forle Homngd HA A RS o TIos Falirng Sppary Lo RS

instal |l ed. The i mage processing appara a host conputer, and in sone

s
cases, 2t hé@rbdreaml 41 &her ReF it Saglaa;ff% :Tiercodfﬁe\?@r‘?n ing L She a bl ock

di agram showi ng the image processing apparatus in which the program
(printer dnileers) P1 and P2. When the medium ink droplet is selected,

és shown in Fig. 9 (d) and (e), the driving waveform
generator 301 outputs a medium ink droplet control signal
M1 which becomes an H level.in the period T2 corresponding
10 to the pulse P2. When the small ink dropleﬁ is selected,
as.shown in Fig; 9 (f) and (gf, the driving waveform
genérator 301 outputs a small ink droplet control signal M2
which becomes an H level in the periqd T3 correépondingﬂto
the pulse P3. At the time of non-ejection, as shown in Fig.
i5 9 (h), the éommon driving waveform is maintained in the
reference voltage V1.

Therefore, corresponding'fo'the image‘data'
transferred from the data transferring section 302, the
large.ink droplet, the medium ink droplet, the small ink

20 droplet, and the non-ejection can be selected. That is,
multi-level dots with four gradations can be formed ffom a
large dot, a medium dot, a small dbt, and non-ejection of a
dot. |

Next, an imagé processing apparatus is explained

25 in which apparatus a program causing a computer to execute



of the imge processing nethod according to the enbodi nents of the present
invention is installed. The i mage form ng apparatus according to the

enbodi nenye 2066/2b@7pr esent i nventi on does not have a f umrcriserossiochs
generates a dot pattern of an image and/or a letter that is actually
printed on a recording nmediumby receiving a print command. Therefore, the
i mage processi ng apparatus (host conputer) generates data of a dot pattern
by the printer driver and transfers the data to the inage formng

appar at us .anTHalagies prioceskBéngnage hpdotessi rigaagfarst dsagieostateorputagr) , a
print command from application software in the host conmputer is processed

by the prijpgfe Forwe@ho( Spbbware) aecamditag lied.t heheniadigee preaefs ting
present invention and is rasterized into printing dot pattern data and the

printing dd%% F}:%,ftttu%r N sdat §oa%e dohfitled!, @hd Qnt BRmeMRGR f0r iHeg appar at us.

Then the i 5% orm ng apparatus prints an inmage and/or a letter. As shown
in Fig. 10, the image processingapparat oSt uter) includes a CPU
401 (nainPEEﬁFF@1P@rff%gﬁﬁﬁﬁiggggﬁpgb fﬁgggﬂﬁ§%}%%qgrinting i mge dat a
menory 403, .a rasterizer 404, a raster gata nennrg 405,tgn interface 406, a
jaggy orrecting secFidn 40715aAdP{oRK SURPFAR HRPYIUB8ERCpLRPAPFcal Iy, a
print comand of an inmage or a _ 7 .

processing apparatus in which the program (printer drlver)_

of'the image processing method according to the embodiments
of the present invention is installed.

The image forming apparatus according to the

10 embodiments of the present invéntion doeé not have a
function which generates a dot pattern of an image and/or a
lettervthat is actually printed on a recording medium by
receiving a print command. Therefore, the image processing
apparatus (host computer) generates data of a dot pattern

15 by the printer driver and transfers the data.to the image
forming apparatus.

That is, in the image processing apparatus (host
computer), a print command from application software in thé
host computer is processed by the printer driver (software)

20 according to the embodiments of the present invention and
is rasterized intb printing dot pattern data and the
printing dot patterﬁ data are transferred to the image
forming apparatus. Then the image forming apparatus prints
an image and/or a letfer.

25 ' As shown in Fig. 10, the image processing



|l etter fromthe application software 402 which is executed by the CPU 401
or froman operating systemis tenporarily stored in the printing inage
dat a nenowy 2463126dom t he print command, for exanple, theppwgprtdoeBiocbche

bol dness, the shape, and so on of a line to be printed, are descri bed;
further, the font, the size, the position, and so on of a letter to be
printed are described. The print commng is witten in a specific print

| anguage. The print conmand stored in the printing i mage data nenory 403 is

transf or meg, | ¢ 08 T @rtdidignpinte atieyudys thecBht4dIpr @tati on of t he
rasterizer "404. For exanple, when the print command is for a line, the

print commnd j {2 ANSTIEEIN: Sd@Send nzlots RAtRImEatiasponding { o
nat e 0}

the desig positi‘on, ness, shape, and so on of the line. Wen the

print co nd is for a,letter,  _t L nt mgnd. . r o 40t
recor di ng 4ot2 JATTetH %@?Te%p%%ﬁ?%ﬁgg%gtﬁgggggi335?3 g%?ﬁtion,%gziggﬁont,

and so on of the letter, by reading- letter.outline, inf tio
corr espondthgiBtr¥free el®r & AR OHEC othY i‘%ee&d]acfrh %—g’gt%?é;df?%tt he

host conput-er- The transforned recording dot pattern is stored in the
rast er Sdateutneime ydaos. 408. this tinme, the host conputer rasterizes the
print command into the recording dot pattern data by setting the existing

orthogonal lattice t@pehdfiebdilgnce pedordiosgmaesi vforn TREICeEST & ng dot
pattern data stored

letter from the application software 402 which is executed
by the CPU 401 or from an operating system is temporarily
stored in the printing image data memory 403. In the print

10 command, for exémple, the positioﬁ, the.boldness, the shape,
and so on of a line to be printed, are described; further,
the font, the siie, the pdsition, and so on of a letter to
be printed are described. The print command is written in
a specific print language.

15 The print comménd stored in the printing image
data memory 403 is transformed into a recording dot pattern
by the interpretation of the rasterizer-404. For éxample,'
when the print éommand is for a line, the print command is
transformed into a recording dot pattern corresponding to

20 the designated position, boldness, shape, and so on of the
line. When the print command is for a letter, the print |
command is transformed inté a reéording dot pattern
corresponding to the designated position, size, font, and
so on of the letter, by reading letter outline information

25 corresponding to the letter from the font outline data 408



in the raster data nenory 405 is transferred to the inkjet recording
apparatus (inmage form ng apparatus) via the interface 406 as printing data.
When t he wecosaiza@7dot pattern data are generated, the rpecargioaglodet
pattern data are converted into jaggy corrected data by the jaggy
correcting section 407. Next, jaggy correction which is executed by the
prinnter driver in the inmage processipgggethod according to the enbodi nents
of the present invention is explained. In the jaggy correction, dots

near/at a §LeRyshapredchangi pempakkr0f @hkettrensd@brgedplicesrdiygnkioth an
outline part (contour part) of the letter or the graphics of an image is

formed, are forned_b |4l s, LBan dgk$ bhewdirgh 4part s other than the
step-shapgatgﬁﬁﬁgﬁﬁggﬁ§ggda§é ?g%ngg. Cf t he dots ﬁgar/at t he st ep-shaped

changi ng part of the_lefter or_the LCS ve i 'l er
dots. First, referri%b F%l%ibﬁmeﬂlﬁg%ﬁ%g%% i@@ggfggsgg%ﬁ?ﬁ%g%%egﬂﬁot use
the jaggy correction is explained. Fig., 11 js a _diagramshowng a letter
print ed bprdgﬁngcﬂﬁﬁﬂﬂhﬂéﬁﬁtéﬁﬁe&eFﬁrgﬁnﬁhﬁgg §P35§g§ ﬁﬁ%@h%%besvnot use
the jaggy correction. Fig. 12 is a diagram showi ng dot positions of a

sl antifg Iseteiofg tthe lestitsdri nghowthiogopad. 1ettics b facamedie TR %%he mai n
scanning direction. Fig. 13 is a diagram showi ng dot positions of a

sl anting | refiddeditien . shawe iredeimgiingl dedamar tgaraldagla ts¢a4es sub

scanni ng _
in the raster data memory 405 is transferred to the inkjet
recording apparatus (image forming apparatqs) via-the
interface 406 as printing data. When the recording dot
10 pattern data are generated,.the recording dot pattern data
are converted into jaggy corrected-data by the jaggy
corrécting section 407.
- Next, jaggy correcti@n which is executed by the
printer driver in the image processing method according to
15 the embodiments of the present invention is explained. 1In
the jaggy correction, déts near/at a step-shaped changing
.part of a letter or graphics; by which an outline part
(contour part) of the letter or the graphics of an imagé is
formed, are formed by smaller dots than dots by which parts
20 . other than the step-shaped changing part are formed. Or
the dots near/at the step-shaped changing part of thé
letter or the graphics are converted into smaller dots.
First, referring to Figs. 11 through 13, a case
which does not use the jaggy correction is explained. Fig.

25 11 is a diagram showing a letter printed by using dot data



direction. In this case, in the sub scanning direction (second direction)
the resolution of the inage is the sanme resolution of the nozzle pitch p
(in this we2ey6/13607dpi) , and in the mai n scanning di r eeCirar206/Br0566
direction) , the resolution of the inage is higher than that in the sub
scanning direction (in this case, 600 dpi which is twice that in the sub
scanning direction) . A s shown in Fg6012, changing points in which dots
are disposed in a step shape occur at the slanting line, and |evel

di f f erencemfaiore dot ancduesgeatp reaels sc Waighngogsi Aot uset Hhe Jasgy as shown
in Fig. 13, at the slanting line nearly parallel (vertical line in Fig. 13)
to the subxsGating.di Fagt.i A i rcdlitherast ehostimgediothargiing qray tofchanges
by 600 dpi, the jagginess is not noticeable. However, as shown in Fig. 12,
at the sl aantg'l tIiirl 18 1k Ryt h ARt Hilgne 1110 fda1yl2) to the
mai n scanning direction, since the step-shaped changi ng part changes by 300
dpi, the jaqgi.,ness.,is noticeable ts ualg extrenely
low. In Fipg:‘&gafg,eﬁi T4 ﬁ@ecﬁnaan%f nsgcadgqu‘(r;t1 e%%e%gngl anE"tlltg?l/'g Qf%e@%&t he sl anting
| i ne changes one dot every four dots in %aste sQ@pe (%_dOt§EH§§§he 600 dp
di r ect Pon &3 shoridet 9 BRFHICH P i e%lainoﬁ)ng. A Y. 13 the

slanting line changes four dots every one dot_in a st%P’ )
letter shown in Fig. 11 neadarly parallel to the sub scanning

direction.
In this case, in the sub scanning direction
(second direction), the resolution of the image is the‘same
10 resolution of the nozzle pitch pl (in this case, 300 dpi),.
and in the main scanning direction (first direction), the
resolution of the image is higher than that in the sub
scanning dire;tion (in this case, 600 dpi whiéh is twice
that in the sub scanning direction).
15 As shown in Fig. 12, changiﬁg points in which
aots are disposed in a step shape occur at the slanting
- line, and level difference of one dot occurs at each
changingbpoint. In this case, as shown in Fig. 13, at the
slanting line nearly parallel (vertical line in Fig. 13) to
20 the sub scanning direction, since the step-shaped changing
part changes by 660 dpi, the jagginess is not noticeable.
Howevér, as shown in Fig. 12, at the slanting line nearly
parallel (horizontél line in Fig. 12) to the main scanning
direction, since the stép—shaped changing part changes by

25 300 dpi, the jagginess is noticeable, and the letter



shape. In Figs. 12 and 13, cases where the slanting lines rise are shown.
In Fig. 12, the slanting line is called a 1/4 slanting line, and in Fig.
13, the swenveengedorne is called a 4/1 slanting |ine. NepClJpmiesrocesy to
Figs. 14 through 22, exanples of the jaggy correction in a first enbodi nent
of the present invention are explained. In Figs. 14 through 21, a first

t hrough an ei ghth exanpl es of the jagggicerrection are shown, respectively;
in addition, the jaggy correction is applied to the 1/4 slanting line. A's
shown i n Gu@litl4bekoaegheRtretmedy) dggy correction is applied to a slanting
line of a letter to be printed nearly parallel to the main scanning
direction. Fig. 22 igyapgthagiam shovhadchatgpesidegnse obfitivesl anting |ine
of the letter to be printed nearly parallel to the sub scanning direction

according ¢ [N e di 1 1¥fg 1R e 8S8RE si BRENHRN e vAT VS IFRNR i N
Fig. 22, i%#%ﬁﬂ% i#é?géngg iﬁgﬁﬁ;ltﬁé jagg; co?rgction fé ﬁbt ggplied to
the slanti li.ne of the letter t%g%%[y

scanni ng &% cﬁﬁoﬁ:ﬁﬁephé Pﬁéﬂzthroughrégﬁggﬁ%ggg I@g&ékﬁﬁkn%ﬁ L?Ss%u?4
St ep- SRap @i GG, (A S0t Hend WAt 1T S56TAEE) 1 n TPnd Fi 96 otk e
shown in Fig. 14, small ink droplet dots are added to bfank parts (for
exanpl e, ddtantdnaD4d nen¢hBepe soff aie dsidn§ivieg Yp6et oty 4n a step
shape. In Figs. 12 and 13, cases where the sianting'lines
rise are shown. In Fig. 12, the élanting line is cailed a
1/4 slanting line, and in Fig. 13, the slanting line is
10 called a 4/1 slanting line.
Next, referring to Figs;'14 through 22, examples
of tﬁe jaggy correction in a first embodiment of the
present invention aré explained. In Figs. 14 through 21, a
first through an eighth‘examples of the jaggy éorrection ‘
15 are shown, respectively; in addition, the jaggy correction
is applied to the 1/4 slénting line. As shown in Figs. 14
through 21, the jaggy correction is applied to a slanting
line of a letter to be printed nearly parallel to the‘main
scanning direction. Fig. 22 is a diagram showing dot
20 positions of the slanting line of the letter to be printed
nearly parallel to the sub scanning direction according to
the first embodiment of the present invention. As shown in
Fig. 22, in the first embodiment, the jaggy éorrection is

not applied to the slanting line.of the letter to be

25 printed nearly parallel to the sub scanning direction.



t he second exanple shown in Fig. 15, small ink droplet dots are added to
bl ank parts (for exanple, two dots at D45 and D46, and two dots at D61 and
D62) nearwendocatzédohe changi ng points. In the third exanmptce/Jshoesioeos Fi g.

16, small ink droplet dots are added to blank parts (for exanple, three
dots at D44, D45, and D46, and three dots at D61, D62, and D63) near and at
the changing points. In the fourth exagple shown in Fig. 17, small ink

dropl et dots are added to blank parts (for exanple, four dots at D43, D44,
D45, and D46, and fops el sriatstDedhrdddh D63 tlanskdfplle hestrowmdimt t he
changing points. In addition, in the fifth through eighth exanples shown in

Figs. 18 ggégqgﬁ42{35gﬂ§h057plgﬁahllﬁhﬁedkablatoabeb detsababidndoand before

t he changi ng poi nt re-converted into one or plural small ink droplet
dots fromthe fourth exanple_shown,in_Fi i nhNphhe sf bt knexanpl e shown
in Fig. Th1L3pk B8k Odr OBFeP LBt 875 58 Shahbingpad€s  bE) P&TE opl et |

dots (for example, dots at D47 and D60) behind and before_t.he angi ng
poi nts. | FheREsing: PodRddpl e 18n&RF ﬁﬁrﬁ%g?xfg?qﬁaf gwpngdeégreﬁQdots are

converted i.nto small ink droplet dots (for exanple, tw dots at D47 and
D48, and twaldotiskatdoBd edndobs0 R teRiddedak® Befdke PRREScHARG ng points. In

the seventh exanple shown in Fig. 20, large ink droplet dots are converted
into smal lexiafdp ldr,0pleats cat D4EF ande iyl of tiveechdond ngt PRAREsP48, In

the second example shown in.Fig. 15, small ink droplet dots
are added to blank parts (for example, two dots at D45 and
D46, and two dots at D61 and D62) néar'and at the.changing
10 points. In the third example shown in Fig. 16( small ink
droplet dots are added to blank parts (for example, three
dots at D44,‘D45, and D46, and three dots at Dé6l, D62, and
D63) néér and at the changing points. In the fourth
example shown in Fig. 17, small ink droplet dots a;e added
15 to blank parts (for example, four dots at D43, D44, D45,
and D46, and four dots at D61, D62, D63, and D64) near and
at the changing points. |
In addition, in the fifth through eighth‘
examples shown in Figs. 18 through 21, one or plural large
20 ink droplet dots behind and before the changing point dot
are converted into one or plural small ink droplet dots
from the fourth example shoWn in Fig. 17. ‘In the fifth
examéle'shown in Fig. 18, large ink droplet dots are
converted into small ink droplet dots (for example, dots at

25 D47 and D60) behind and before the changing points. In the



and D49 and three dots at D58, D59, and D60) behind and before the changing
points. In the eighth exanple shown in Fig. 21, large ink droplet dots are
convert edwonve/2e@b7l i nk droplet dots (for exanple, fourcdapmoasioes/, D48,
D49, and D50, and four dots at D57, D58, D59, and D60) behind and before

t he changi ng points. As shown in Figs. 14 through 21, when the small ink
droplet dots are fornmed near and at thgsstep-shaped changing points, the

| evel difference at the changing points is | owered by only using the snall

i nk dropl @t x@et & x@heh1e rtlodid el Fignodih Slaamfe ngkpairopdart Ige tfsoramsd.
Further, in the inkjet recording apparatus, there is a characteristic that

ink runs intothe Papar, aldan hinld ipedike RRRYY . (A0t @xeagdehane an i mage
on

is printeg a nornal paper, when ink which is mainly nmade of dyes is

used, theéi&%%gi@g?#j sanlao red By acbqujl E%at eé oK o)) ddrsindowever,

outline p s Tough daused ring and the effect by the

jaggy correction is | owered. However, .int r.esent.__emhodi ,» Sl Nce ink
i s mainly PP Yt < 9 iPSRity rﬁl %hg%,set%eenrqhege!t rf%egllneg i's

| onered, and a hi.gh quality inmage can be formed. Further, b th qu
accor dbng showrhel prisent2 Gnblndfentnk el Rt HPTs 99 %é%retda bt unni ng

of ink slightly occurs; therefore, the outline part is 'snmoothed and the
j aggi ness drIiotimbt drepbée. ddber éfor eexampdedi three oREspeds&if’, D48,

embodi nent ,
and D49 and three dots at D58, D59, and D60) behind and
before the changing points. In the eighth example shown in
Fig. 21, large ink drbplet dots are converfed into small

10 ink droplet doﬁs (for example,‘four dots at D47, D48, D49,
and D50, and four dots at D37, DSS, D59, and D60) behind
and before the changing points.

As shown in Figs. 14 through 21, when the small
ink droplet dots are formed near and at the step-shaped-

15 chaﬁging points, the level difference at the changing
points is lowered by only using the small ink droplet dots
and a relatively smooth slanting part can be formed.
Further, in the inkjet recording apparatus, there is_a
characteristic that ink runs into the paper after hitting

20 the paper. 1In a case where an image is printed on a normal
paper, when ink which is mainly made of dyes is used, the
jagginess is lowered by adding small ink droplet dots;
however, outline parts becomes rough caused by feathering

and the effect by the jaggy correction is lowered. However,

25 in the present embodiment, since ink is mainly made of



a snooth slanting Iine in which the jagginess is hardly noticeable can be
formed. In the present enbodinent, the exanples of the 1/4 slanting |ine
are descrwbeados/Hessever, the present enbodi mrent can be applriyezhossi0806!| ant i ng
line other than the 1/4 slanting line, for exanple, to a 1/3 slanting line
and a 1/5 slanting line. Further, the present enbodi nent can be applied to
slanting lines inverted fromthe abovechines by a mrror, and-the sane
effects as in the above can be obtained. Further, as shown in Fig. 22,

since t hep'%gﬁsxtsowh%%tei N dco Sty ArpIHiemh t cidersatiéingg| iselotethd,
letter to printed nearly parallel to the sub scanning direction, the dot

structure_is the. .t hat: LNy Ei Ne X, fer ponghko Figs. 23
§ra glﬁgrgggg%kghgm?QEWEah bEl Gorhed. NeXhrtheher byngh g

and 24, ofR&r®exa gy correction in the first enbodi ment of
the present inventign are pl ai_ ned. . Fi i.s.a diagr, L @ first
differentl@%aﬁﬁFQrﬂﬁpghtPhg%eaﬁﬁféspFe83P8§§P§%§¢pﬂ#%dfggkgggﬁg ting |ine
of aletter to be Erinted nearly parallel tg the main %Iann%n% dir %pion
accor di ng loverkd, f bust TERBodInGTt 16K SdIpt §eﬁFcPﬁ§énti5ﬁ9 Br§ 24% s a
di agram showi ng a .second different exanple which the jaggy correction is

appl i e8l t @ualihenpiang llisnemsothedernsr the bBaIFNGSEd ifeddly parallel to the
mai n scanni ng ‘ d

noticeable. Therefore, according to the present embodiment,
a smooth slanting line in which the jagginess is hardly
noticeable can be formed.

In the present embodiment, the exampies of the

10 1/4 slanting iine are desc;ibed. However, the present
embodiment can be applied fo a slanting line other than the
1/4 slanting line, for example, to a 1/3 slanting }ine and
é i/5 slanting line. Further; the present embodiment can
be applied to slanting lines inverted from the above lines

15 by a mirror, and the same effects as in the above can be
obtained.

Further, as shown in Fig. 22, since the jaggy
correction is not applied to the slanting line of thé
létter to be printed nearly parallel to the sub scanning

20 direction, the dot structure is the same as that shown in
Fig. 13.
Next, referring to Figs. 23 and 24, other
examples of the jaggy correction in the first embodiment of
the present invention are explained. Fig. 23 is a diagram

25 showing a first different example which the jaggy



direction according to the first enbodi nent of the present invention. In
Figs. 23 and 24, the nmain scanning direction is represented twice so as to
show t he wotweine@yure. That is, the pitch between adj apemiriooe3thebss shown
by the sane interval is 600 dpi in the main scanning direction and 300 dpi
in the sub scanning direction on an actual recording nmedium First, in Fig.
23, (a) shows a case in which the nurbeés ef dots that forma straight |ine
bet ween two stepshaped changing parts F and Gis four in the main_scanning
di r ect i on comrecttions iiss appAved: &¢ iantsd 2330 ndpil idgualf Bo kedegulbs®&nni ng
direction, the nunber of dots can be two; therefore, this is a 1/2 slanting
line. As $1Qwtdd nkiagly2daia)l 1elwten theumasmalsicanmk ngr olilretctdoins are added
to bl ank parts between the changing points F and G, the step-shaped

changi ng pRIdo B P S HPRt Faned. efbodiawht BFithe 2¥elsent Miemtddny. two
smal | ink droplet "dots are added to blank parts before the changing points

F and G (t IS, sth of, S i ghtdd tég@a%{b%tep-shaped
changi ng pEla.llﬁ'sZ-S4 sa%eﬁgggg:rg)m ,Sht%ﬁ}el%sdt %p%%%@d@gﬁgr%%ﬁ%epart clan be nmade

Whose: TagdiTHEss ShE DAHSES ST e 0brd ARPLITE (e T ebe el 2% %t 1 ng
Iineﬁ the jaggy correction is not applied; therefore, smal | ink dngplet
dots are riotleid®y to be printed nearly parallel to the main scannirg
}direction according to the first embodiment of the present
invention. In Figs. 23 and 24, the main scanning.direction
is represented twice so as fo show the dot structure. That

10 1is, the pitch between<adjécent two dots shown by the same
interval is 600 dpi in the main scanning direction and 300
dpi in the sub scanning direction on an actual recording
medium.

First, in Fig. 23, (a) shows a case in which the

15 number of dots that form a straight line between two step-
shaped changing parts F and G is four in the main scanning
direction, when this is converted into 300 dpi equal to the
-sub scanning direction, the number of dots can be two; |
therefore, this is a 1/2 slanting line. As shown in Fig.

20 23 (b), when four small ink droplet dots are added to blank
parts between the changing points F and G, the step-shaped
changing part can be smoothened.

As shown in Fig. 23 (c¢), when only two small ink
droplet AOts are added to blank pafts before the changing

25 points F and G (that is, the number of dots in a straight



Next, in Fig. 24, (a) shows a case in which the nunber of dots that forma
straight |line between two stepshaped changing parts is two in the main
scanni ng woreayizedy; when this is converted into 300 dpi pegquatootB1066e Sub
scanning direction, the nunber of dots can be said one; therefore, this is
a 1/1 slanting line. That is, when the line is actually printed on a
recordi ng medium the line represents ggskanting line of 45 degrees. In the
1/1 slanting line, since the step-shaped part continues, the jagginess is
hardly notigeabkewekn khepcaiepedl thengnkpeparssordingrappddgtis, téience the
st ep-shaped parts are snoot hened by the expansion and slight running of

i nk, smal Etla%‘is%% letndabingophet Baedbkonbeecadded. sfibetaf.or @ita bad
ef fect caused by applying thé jaggy correction to the 1/.1 slanting |line can

be avoi ded. .However, .as 0 i Q- lggg,, 0Re ;shBhly deheCamdze added
to each b%gﬁf’pgﬁfp A%st gs???bgégggg€é? in thg prgsentbenbodinent,various

j aggy correcting methods are applied rr, ndi-ng sl f,qt he
step-shapéégeﬁéﬁ@sndspiPW?Feshﬁggi ?pF@%@fggﬁgne&%d3®§ gggeagggé ?glthe
slanting line (predeterm ned blank parts are converted into predeterm ned
dots i tIsdagitimd dgne,ndhec drOEYpERALRS HE™ HE SPMEPBLLERE outline parts

of aletter. Wth this, the nost suitable jaggy correction can be applied
cor r espondihegetfiortehe soatllli Hekofriopd etetdads @i Mats 2d8efed by gat hering

Next, in Fig. 24, (a) shows a case in which the
number of dots that form a straight line between two step-
shaped changing parts is two in thé main scanningvdirection,

10 when this is converted into 300 dpi equal to the sﬁb
scanning direction, the number of dots can be said éne;
therefore, this is a 1/1 slanting line. That is, when the
line is actually printed on a recording medium, the line
representé a slanting line of 45 deérees. In the 1/1

15 slanting line, since the'step—shaped part continues, the
jagginess is hardly noticeable. 1In the case of the inkjet
recording épparatus, since the step-shaped parts are
smoothened by the expansion and slight running of ink,
small ink droplet dots do not need t§ be added. ‘Therefore,

20 a bad effect caused by applying the jaggy correction to the
1/1 slanting line can be avoided. However, as shown in Fig.
24 (b), one small dot can be added to each blank part.

As described above, in the present embodiment,
various jaggy correcting methods are applied corresponding

25 to the slant of the step-shaped changing parts, that is,



plural sl

dot at th
limted t

is'smaller than that at the step-shaped7changi ng part.

addi ng a

anting lines and straight lines, and a highquality letter can be
formed. Next, in the jaggy correction, a nethod is explained which nethod
forns a dwbD2066/@6®mal | er size near/at a step-shaped chamrgirnggesiosédran a

e stepshaped changing part. The dot of the smaller size is not

0 a dot formed by a small ink droplet, and can be a dot whose size

smal |l er dot and converting a blank part into a smaller dot.

The net hod i ncl udes

As the

met hod adgirrgetkemsmald dotdorrer a86adeto et Isdaptany gare into the smaller
dot, a pattern matching nethod can be used as an excellent nethod. Fig. 25
i s a di agrareseewirgnedenenil pairhdowrshiconvies tesednite plredgderevimedat chi ng
met hod. The windowis a filter fromwhich i mage data to be processed are

extracted
structure
of vni' do
di rection
i nvention
par al | 2l

| i ne near

10

15

20

25

do?Rd iinTRgR datkatahga1dak)pesirtieepoieiingspendheg siena @at
showi.ng .in the mnng _ ( i i
t$o R e forizant ale di reeti-on and vinteQts kRt hgpsertical
0 e ivadé processi ng nmethod according to the present
, -t.he ]

ow are extracted. The w ndow size is conposed

aggy correction.is .applied to.a santing |i ear]y
£ %%yr?g%yarﬁ‘ﬁrﬁﬁc&ilPE‘ct%ag’n P EPs lr‘?c()jlt %éjﬁﬁle%gé) n{&l(;in% gloa%t i ng

ly parallel to the sub scannLngldirection. Therefore, the
the outline of the letter which is formed by gathering

plural slanting lineé and straight lines, aﬁd a high-
Quality letter can be formed.

Next; in the jaggy correction, a method is
explained which method forms a dot oi a smaller size
near/at a step-shaped changing part than a dot at the step-
shaped changing part. The dot of the smaller size is not
limited to a dot formed by a small ink droplet, and can be
a dot whose size is smaller than that at the step-shaped
changing part. The method includes adding a smaller dot
and‘converting a blank'part'into a.smaller dot.

As the method adding the smalier dot or
converting the blank.part into the smaller dot, a pattern
matching method can be used as an excellentAmethod. Fig.
25 is a diagram showing a general window which.is used in
the pattern matching method. The window is a filter frbm
which image data to be processed are extracted, and image
data at a dot position corresponding to a dot structure
showing in the window are extracted. The window sizé is

composed of “m” dots in the horizontal direction and “n”



nunber of dots "mi' in the horizontal direction is different fromthe nunber
of dots "n" in the vertical direction corresponding to the resolutions in

t he mai n woanwimngeodi recti on and the sub scanni ng direct ipomarIthastioees; the
nunber of dots in the high resolution direction is larger than that in the
| ow resolution direction. That is, when an image is formed by using
different resol utions between the mai_nggcanni ng direction (first scanning
direction) and the sub scanning direction (second scanning direction) , the

val ues of 4ut's anf ¢He ara id1 erigndctilon.order to easily detect step-shaped
changing points of a slanting Iine near the horizontal |ine and bl ank dots

(parts) close to thergl apLi Agabkn8rocBEsifigSAbenbadateokaiagl abgeheal ue. On
t he ot her hand, sinc%ﬁb?ank 8?5 gfgge to the slanting Iine near the

vertical line of the step-shaped ¢ i it nesd e
det ect ed, eI G Jsr}?ﬁ?rftjvoaﬂ’u@%%a@glﬁr%%ﬁa&cgl%e%re th%acpjé;ggy

correction is not needed in a slanting |line near the vertical line, it is
enough t hatlamel il e PedetnRRF 3 thd SIS G ny i etli on: therefore,
t he nunber .of dots to be processed can be reduced, In fhe present
enbodi Bentdi sescstowand ¥ roReErrl A Hed %W‘&%%-%% Fhahgi ng poi nt
is detected by using a window of 9 3, that is, "m =9, and "n" = 3 .
Font data pdralieltes eie exipascennimg odbiectign. Therefore, the
| number of dots “m” in the horizontal direction is different
from the number of aots “n” in the vertical direction
corresponding to the gesolutions in the main scanning
10 direction and the sub scanning direction. That is, the
number of dots in the ﬁigh resolution direction is larger
than that in the low resolution direction.
That is, when an image is formed by using
different resolutions between the main scanning direction
15 (first scanning direction) and the sub scanning direction
(second scanning direction), the values of “m” and “n” are
different. In order to easily detect step-shaped changing
points of a slanting line near the hqrizontal line apd
blank dots (parts) close to the slanting line, “m” is
20 selectéd to be a large value. On the other hand, since
pblank dots close to the slanting line near the vertical
line of the step-shaped changing poiﬁts do not need to be
detected, “n” is a small valﬁe. Especially, in a case

where the jaggy correction is not needed in a slanting line

95 near the vertical line, it is enough that the value “n” be



data by the printer driver (progran) . The bit map data show dots by which
the font is formed. The pattern matching nethod is applied to each dot in
the bit rmep2daei@eéon t he above wi ndow unit. Next, referriPog/PmobBmso27, a
pattern matchi ng process (nmethod) (dot data converting process) which is

executed by the printer driver is explained. Fig. 27 is a flowhart show ng

the pattern matching process accordingggo_the first enbodi ment of the
present invention. In this, as the small dot, the small ink droplet dot is

used. Firsghrea dof tPQSislicoRRGrininy eritreaf ithe héatedordegnithearanikersel ect ed

as a target pixel. Next, bit map data of the font data corresponding to a

w ndow ar in ed G & dragetrdiiue@ld.as the center. The bit map
dat a obtaie(\)r“:(e)gitogcts %%t%ne are d‘at(;l-:1 of 27 dots (9 dots 3 dots) . Next, the

obtained bit map data_aye cQ i of t tned ttgrn
-(reference pattern) ?By£?%epn§?%§?n%§%ﬁ?%gt 'rre?ﬁogﬁggﬁe%g?grséngg' pgt tern
is a dotaddition pattern or a sma|l .dot .conver.si.on fa étercnc.eA/\Vi%p both the
data are risttcHRERINItHE SEEP AR (FENHN TP PiNel* AT S E T onver ted into
smal | dot data. In this, the small dot data are snall_ink dyoplet dot data.
Whien bbt h usienglat avideiovotofied ch v thRadads ot WET = the 3 Dcdss Yors to a next
target pixel (before or behind ‘

e Font data of a letter are expanded into bit map

data by the printer driver (pfogram).' The bit map data

show dots by which ﬁhe font is formed. The pattern

matéhing method is applied to each dot:in the bit map data
10 in the above window unit.

Next,\feferring to Fig. 27, a pattern matching
process (method) (dot data converting process) which is
executed by the printer driver is explained. ‘Fig. 27 is a.
fiowchart éhowing the pattern matching process according to

15 the first embodiment of the present invention. In this, as
the small dot, the small ink drﬁplet dot is used.
| First, a dot positioned in front of the head of
font data is selected as a target pixel. Next, bit map
data of the font data corresponding to a window are

20 -obtained by setting the target pixel as the center. The
bit map data obtained at this time.are data of 27 dots (9
dots x 3 dots).

Next, the obtained bit map data are compared with
data of a predetermined pattern .(reference pattern) by the

25 pattern matching method. The reference pattern is a dot



the target pixel) . In addition, when the target pixel data are converted
into the small ink droplet data, the process goes to a next target pixel.
Then, it we d&/rsevrned whet her data of the next target pcrgbmssioessd dat a,
when the data of the next target pixel are not the end data, the process
continues until data of a succeeding target pixel becone the end data. In

t he above process, one pixel can be handl ed as one byte data or one bit
data. When the one pixel is the one byte data, 27 bytes are needed to
express dabaiefi od’ pdeksrnheweresmaledottheonve rpiivel pastele . .ondhsint dat a,
only 4 bytes are needed (1 byte = 8 bits). Therefore, when the one pixel is

the one bif datg. 1¢ AMRUNL0Endal @ith ke dpr eesesedthe sagldet tdieedapacity
of menory can be reduced, and the processing speed can be high. Referring

to Figs. 28.LN1.0U0N. 30,0 JRQKS LOGCR SaReD! ATACAHLG Aokl londilo. 28

is a diag eferenCe patterns which- are used to convert bl ank

dots (parts) into small dqts.in the patte t chingprocess. Fig. 29 is a
diagran1sﬁ@ﬁlifq%ﬁﬁ¥%ﬁ€@35aﬁpérH§qﬁ%%ﬁﬁ%$é G$Ed to convert immge dots

(print data) into small dots in the pattern matching process, Fig. 30 is a
di agr @m showi ng an eWhfpleobh Hoe @égé €8 WAFchathR %ﬁ??e?ﬁcha?tﬁFﬁg

process is applied by using the reference patterns. Wien a reference
pattern shown groddsy R dp iasnext target pixel (before or behind

the target pixel). In addition, when the target pixel déta
are converted into the small ink droplet data, the process
goes to a next target pixel. Then, it 'is determined
10 whether data of the next target pixel are end data, when
thé daté of the next targét pixel are not the end data, the
process continues until data of a succeeding target pixel
become the end data.
In the above process, one pixel can be handled as
15- one byte data or one bit data. When the one pixel is the
one byte data, 27 bytes are needed to express data of 27
dots; however, when thé one pixel_ié the one bit data, only
4 bytes are needed (1 byte = 8 bits). Therefore, when the
one pixel is the one bit data, the amount of data to be
20 processed is small, the capacity of memofy can be reduced,
and the processing speed can be high.
Referring to Figs. 28 through 30, the above
process is explained in detail. Fig. 28 is a diagrém
showing reference patterns which.are‘used to convert blénk

25 dots (parts) into small dots in the pattern matching



used, a dot (data) at the pixel position (dot position) D43 shown in Fig.

30 can be converted into a small ink droplet dot. Wen a reference pattern
shown i n WoQo06e2@6doh) i s used, a dot (data) at the pixel ppwIPLI06B106EHOT
position) D44 shown in Fig. 30 can be converted into a small ink dropl et

dot. When a reference pattern shown in Fig. 28 (c) is used, a dot (data) at
t he pi xel position (dot position) D45 3hown in Fig. 30 can be converted

into a small ink droplet dot. In addition, when a reference pattern shown
in Fig. 2Bredpses uféd. 39dés pddiapram shevphgelFepesPRFEnPEESLIHSsi ti on)
D46 shown in Fig. 30 can be converted into a.small ink droplet dot.

Furt her, whephaaref asedcéopabheentshmagei doEisg.(p29ntajfaite)udedo an i mage
dot (data) at the pixel position (dot position) D47 shown in Fig. 30 can be

convertedsiat @ @ceRBlh ikhk guepkeh fatchWhegnpaocekerengegpatiDeris shown in
Fig. 29 (b) is used, an imge dot (data) at the pixel position (dot

posi t on) 4P48 showR ol dn 3Qa80eDE roRRYerLed ';ta,t @nacsimehle igal tdrep! et

dot. Wen erencepattern shown in F is used, an'inmage dot

g (c
(data)_at the_pixel positian (dot,.position). D49 o] j o be
conver%edeﬁFglggsﬁgﬁc%%ﬁ<%ﬁwﬁﬂaﬁlecnpyI%géﬁgiFﬁgn¥Q5%g%Eggr %gF%%QS'
pattern shown in Fig. 29 (d) is used, an inage dot (dq%g% a% t he pi xe
position (dot positi®AsROBOSHRTFRER BRHECED ead"helRohber 18l (At o' sl
i nk dropl et
P used, a dot (data) at the pixel position (dot position) D43

shown in Fig. 30 can be converted into a small ink droplet
dot.. When a reference pattern shown in Fig. 28 (b) is used,
10 a dot (data) at the pixel position (dot position) D44 shown
in Fig. 30 can be convertéd into a small ink droplet dot.
When a reference pattern shown in Fig. 28 (c) is used, a
| dot (data) at the pixel poéition (dot position) D45 shown
in Fig. 30 can be converted into a small ink droplet dot.
15 1In addition, when a reference pattern shown in Fig. 28 (d)
is used, a dot (data) at the pixel position (dot position)
D46 shown in Fig. 30 can be converted.into a small ink
dréplet dot.
Further, when a.reference pattern shown in Fig.
20 29 (a) is used, an image dot (data) at the pixel position
(dot position) D47 shown in Fig. 30 can be converted into a
small ink droplet dot. When a reference pattern shown in
Fig. 29 (b) is used, ah image dot (data) at the pixel
position (dot position) D48 shown in Fig. 30 can be

25 converted into a small ink droplet dot. When a reference



dot. In this, in a case where the snmall dot data are generated, when the
original font data are expressed as 0 (blank) and 255 (print data) |ike the
bit map dwbaciene@ds 0 (blank) and 1 (print data) |ike bipoany2desreend when
the font data are tenporarily converted into O (blank) and 255 (print data)
, in the small dot data, the blank data and data formng a font can be
converted into data expressing snall -dpps, for exanple, 85, respectively.
In addition, when the small dot data are processed as Gs and Is, an

addi ti onapafieseny shbese isi Fagi.s2bhdcsane asetheasi zmage dod f(datadata is
installed, the "1" showing that the print data are fornmed at a position

where a sgrl khdobikelf pomRdioh Jadespbsbedoahoras whewnsiml IFidot 80and | arge
dots are printed by the font data (the former) fornmed by snall dots and

| arge dots _gener ter t iy , d8F , by 1hi Ba#y tdah
(0,1 for%s‘.f‘-rg}lxatrglg3 .3%%%21’%?%&&3?‘5@6% iagiér}\%alr@b?lnmal?gd?%%?@ga?gﬁ(o, %) .(the | atat er),

a slanting_line in which jagginess is.reduc ca f.or, <y addi tion,
when t he ¥§Ng8 FSGSTEA aﬁ%qttﬁernQ S%’O(‘ﬂ'%t g'ﬂr e gr'er%cgge(ggt tlregf%ssegr'e%&sed, it
can be det erm ned whet her bl ank dots and in%gg dots .in a.rangs E%ﬁfour dot s
bef or e5 and™eelei S@tt HEladfdn ditn g S0Pt Sar 8053 T ddvdr PEF TS s % dots by -

setting the changing point as its center. As described above, the
conversiomHQNMﬁﬂﬁ(ﬂgg(xﬁo can be converted into a small ink droplet

dot.
In this, in a case where the small dot data are
generated, when the original font data are expressed as O

10 (blenk) and 255 (print data) like the bit map data, or as O
(blank) and 1 (print data) like binary data and when the
font data are temporarily converted into 0 (blank) and 255
(print data), in the small dot data, the blank data and.
data forming a font can be converted into data expressing

15 small dots, for exampie, 85, respectively. In addition,
when the small dot data are processed as 0s and ls, an
additional memory whose size is the same as the size of the
font data is installed, the “1” showing that the priht data
are formed at a position where a small dot is formed.

20 . As deecribed above, when small dots and large
dots are printed by the font data (the former) formed by
small dots and large dots generated by the pattern matching
method, or by binary data (0,1) for small dots and the
original binary font data (0,1) (the latter), a slanting

25 line in which jagginess is reduced can be formed.



be applied to dots in the range of four dots before and behi nd the changi ng
point. When a dot De shown in Fig. 30 is set to be a target pixel, the
changi ng woi2ndée/e8é9st s beyond the wi ndow and cannot be detegbmdeé/31060 case
where it is attenpted to add a small dot to the position of the dot De,
when the sizes of the window and the reference patterns are set to 11 3
dots, a snall dot can be added to the gagt .De. That is, when the size of the
wi ndow and the size of the reference patterns are enlarged, a changing

poi nt near the hori zpptaidit Denfannbe theed yx detectedwibdon ahdsthendl |
dots corresponding to the slant can be added and the slanting line quality

can be furthergncreased, p%ttwrn"éora% @, Siizesa0f Heheledagrdameand t he

reference patterns are not Iimted to those in the present embodi ment. The
Conver of ot TSRO ET R AP By L B ITETeR (e hr Soess 1t e et 's ¢ he
(at asi 70 fortadise e (AT RR{AH (BRI aHar 3 50 AiT Tyl red to
execute the. pattern patching becones |arge. Therefore, when the prqcess
time i 5§ consialesmeal,l idots pyesertbhe Ehat CRABISNIeBOBABTaS SskiS d?fé‘ er-
possi ble. On the other hand, the nunber of dots, to which the addition
(conversion) of a smakl ddstriibedppbiord, itbedepeFarAé@nbyaddition) can
be applied to dots in the range of four dots before and
behind the changing point. When a dot De shown in Fig. 30
is set to be a térget pixel, the changing point exists

10 beyond the window and cannot be detected. In a case where
it is attempted to add a small dot to the position of the
dot De, when the sizes of the window and the reference
patterns are set to 11 x 3 dots, a small dot can be added
to the dot De. Thaf.is, when the size of the window and

i5 the size of the referencé patterns are enlarged, a chahging
point near the horizontal line can- be widely detected.

With this, small dots corresponding to the slant can be
. added and the slanting line quality can be further
increased.

20 In other words, the sizes of the window and the
reference patterns are not limited to those in the present
embodiment. The sizes are determined by the range 6f dots
to which the addition or the conversion is applied and by a

subject in which the process time meets the printing speed.

25 In addition, when the sizes are enlarged, since the data



letter quality by the jaggy correction. Therefore, an optinmum size nust be
determ ned based on by the letter quality and the processing speed.

Accor di ngwDao@n2esoper i nent pertai ning to an enbodi nent etCTuhmopsesant

i nvention, when the above ink was used, since the roughness anong dots is
reduced by the expansion of the ink, the letter quality was sufficiently
increased by adding four snall dots, prgferably, six small dots. In
addition, in the processing tine, throughput of 10 PPM (pages per m nute)
or more V\Bsﬁ_zaé?@&xvecdle Thenehof enatash e Isicmenf laheyeyi rdove wHiectsize of m
13 by wh si x dots can be detected before and behind the changi ng point

in the main %'IL{H ng, %;{eec,‘?}ﬂéjr{:r?é‘lzdpé)ét&rr patidhille pedorecamu fige di rection

is suitabl’e referring to . 31, a data f'orm ng process in which

smal | ink dropl dot§ ar nl y_ add I gyt ts), near the

st ep- shapeth ?#%é&ﬁ ‘@b e éﬁ %giéé?%x alne &%gég)Sl is a flowchart

showi ng a smal | |nk dropl et dot datﬁjfornt rocess in ank artsédots)
°%

accor di ng peeferalle sthandif nithied 23 RAF a dot
positioned in front of the head of font data (print data |s selected as a

tar get 5pi xetheNexdnd, tthe migtee i aEdeket Hed Watah dthe REALET R pixel are
bl ank data or font data (print data)

(conversion) of a small dot 1s}applled, is determined by
letter quality by the jaggy correction. Therefore, an
optimum size must be determined based on by the letter
quality and the processing speed.

10 _ According to an experiment‘pertaining to an
embodiment of the ptesent invention, wﬁen the above ink was
used, since the roughness among dots is reduced by the
expansioﬁ'of the ink, the letter quality was sufficiently
increased by adding four small dots, preferably, six small

15 dots. In addition, in the processing time, throughput of
10 PPM (pages per minute) or more was achieved. Therefore,
as the size of the window, the size of m £ 13 by which six
dots can be detected before and behind the changing point
in the main scanning direction and of n = 3 in the sub

20 scanning direction is suitable.

Next, referring to Fig. 31, a data forming
process in which small ink droplet dots are only added to
blank parts (dots) near the step-shaped changing part of a
letter is explained. .Fig. 31 is a flowchart showing a

25 small ink droplet dot data forming process in blank parts



When data of the target pixel are blank data, a pattern matching process is
applied, and bit nmap data of the font data corresponding to a wi ndow are
obt ai ned Wy 8@it2663g t he target pixel as the center. Thepoirtrrmpsata
obtained at this tinme are data of 27 dots (9 dots 3 dots) . Next, the
obtained bit map data are conpared with data of a predeterm ned pattern
(reference pattern) by the pattern matgRi ng nethod. \Wen both the data
match with each other, the target pixel data are converted into small ink

dropl et dqgo‘ﬂ%t)aa@%%%'d'in%okod%@) £irvhernbhaideha af the paegentpi xel are
not bl ank data, the procéss goes to a next target pixel (before or behind
the target, pixel.) . Then, it is determ ned whether data of the next target
pi xel arelgﬁﬁn a4 when the data of the next target pixel are not the end
data, the process continues untjil_ data. of C L ng-t I X become
the end data. \Wen tﬁérﬁﬁtaao?oﬁh%oghg%ggaﬁn%Htgfgg %Fxgﬁggﬁ%g?hgkend

data, the process ends. Wen both the data are not matc ed.mﬁ&h egfh%;her,

the procefondositio PR dafrdjetipi xeteFbefor® dr *BEHPhAPLAE t ar §& i xel )
. Then, it is determ ned whether data of the next target pixel are end
data, ®hent Hes dittemfindte wietheradgsa sikdhartangst Pigsendtatlathe
process continues until data of a succeeding next target pixel becone the
end data. data or font data (print data). .
| When data of the target pixél are blank data, a
pattern matching process is applied, and bit map data of
the font data corresponding to alwindow.are obtaihed by
10 setting the target pixel as the center. The bit map data
obtained at thié time are-data of 27 dots (9 dots x 3 dots).
Next, the obtained bit map data are compared with data of a
predetermined pattern (reference pattern) by the pattern
matching method. When both the data match with each other,
15 the target pixel data are copverted into small ink droplet
dot data (small dot data).

When the data at the target pixel are nof blank
data, the process goes to a next target pixel.(beforg'or
béhind the target pixel). Then,.it is determined whether

20 data of the next target pixel are end data, when the data
of the next target pixel are not the end data, the process
continues until data of a succeeding target pixel become
the end data. When the data of the succeeding target pixel

are the end data, the process ends.

| 25 ' When both the data are not matched with each .



A s described above, only when the data of the target pixel are the blank
data, the pattern matching process is executed, and when the data of the
target piwelzereesdohe font data, detection of a changi ngprpwiJrtooby1osine
pattern matching is not executed. Since tine for the pattern matching is
not needed for the font data, the processing tinme can be reduced. In the
above process, one pixel can be handleggas one byte data or one bit data.
When the one pixel is the one byte data, 27 bytes need to express data of
27 dots; bewever theherockasongeepi xel ai sekiie tomgeli pideta,(bedbyesolyt es need
(1 byte = 8 bits) . Therefore, when the one pixel is the one bit data, the

amount  of Ldat aqt @ne tRreeesgadtely .SMahen,t he dapaeiteymahedembeyhean be
reduced, and the processing speed can be high. Next, referring to Fig. 32,

the above,gracgss s gplainedeknpdekdl breficta 33ths andnagngMusitaning an
exanpl e of the Small dot data“formng process shown in Fig. 31. Wen a dot

D46 of bl ank data shown .in Fig. 32 i $S C t e ixel. by
using a r@EngﬁCQeﬁﬁtﬁgfﬁeﬁyPgﬁ@%na%%)ﬁpg.%b% %gg,%gfﬁée%g%thr?ﬁég ot
patterns are the.sane, as shown in Fig. 32.(c) , data positi.oned at the
target5pi%@PtB@Ge§r§n§dﬂvéFFédOﬁr6nﬁH%§ﬁF%&&9;nFﬁgo%§ﬁ§¢% AR Sdr opl et dot
data. In this case, by using a window of 9 3 dots and t'’he reference pattern
of 9 3 dobscome ithe end data. .

As described above, only Qﬁen the data of the
target pixel are the blank data, the pattern ﬁatching
process is executed, and when the data of the target-pixel

10 are the font data, detection of a changing point by the
pattern matching is not executed. Since time for the
pattern matching is not needed for ﬁhe font data, the
processing time can be reduced.

In the above process, one pixel can be handled és

15 one byte data or one bit data. When the one pixel is the
one byte data, 27 bytes need to express data of 27 dots;
however, when the one pixel is the one bit data, only 4
bytes need (1 byte = 8 bits). - Therefore, when the one
pixel is the one bit data, the amount of data to be

20 processed is small, the capacity of memory can be reduced,
and the processing speed can be high.

Next, referring to Fig. 32, the above process is
explained in detail. Fig. 32 is a diagram showing an
example of the small dot data forming process shown in Fig.

25 31. When a dot D46 of blank data shown in Fig. 32 (b) is



possible to determ ne whether a small ink droplet dot is added to four

bl ank dots adjacent to the changing point. Next, referring to Fig. 33, a
dat a for mvogoere®ss i s explained in which process onlyptonpP2aesacpri nt
data) near the step-shaped changing part of a letter are converted into
small ink droplet dot data. Fig. 33 is a flowhart showing the small ink
dropl et dot data form ng process in foRt data according to the first

enbodi nent of the present invention. First, a dot positioned in front of or

at the headi@fthanksdat aairgeselaxead ris va inar getreffiexenceNpett.tern W&
determ ned whet her data of the target pixel are blank data or font data

(print datg)s.n %e%igat a20f hhe 4;a1 et Jtinxehearetf %ﬁttt@%tré; Srepatdeer n
mat chi ng process is dpplied, an 1b|t map data of the font data

correspon%ie;lrl_%’z %ﬁgﬁ\p{l&g’dgvilgg{%ggggﬁétnﬁq by g8t tiyag 1! %et@%%ettr@ xel as the

center. T His ti are data 27 dots (9 dots
X 3 dots) Next, the qgbtained bit map da ar e.conpar wi.th data .of

apredet er har&ae HREEin Dﬁ@e@é@erﬁ%“’ﬁeﬁtteéi %r% btclﬁg?(pﬁeatdc@r t cslxi[fanl;EL net hod.
When both the data are matched with each other, the target pixel data are
conver bed iink clmopdldt idet dladi et Mottt £35Sy dedrdaca)vindfe Pt e data -

at the target pixel are not font data, the process goes' to a next target
pi xel (befor®e dots and the reference pattern of 9 x 3 dots, it is

possible to determine whether e small ink droplet dot is
added to four blank dots adjacent to the ehanging poipt.
Next, referring to Fig. 33, ‘a data forming

10 process is explained in which process only font data (print
data) near the etep—shaped changing part of a letter are
converted into small ink droplet dot dataf Fig. 33 is a
flowchart sthing tﬁe small ink droplet dot data forming
procese in font data according to the first embodiment of

15 the present invention.

| First, a dot positioned in front of or at the
head of font data is selected as a target pixel; Next, it
is determined whether data of the target pixel are blank
dataver font data (print data).

20 | When data of the target pixel are font data, a
pattern matching process is applied, and bit maé data of
the font data corresponding to a window are obtained by
setting the target pixel as the center. The bit map data
obtained at this time are data.of 27 dots (9 dots x 3 dots).

25 Next, the obtained bit map data are compared with data of a



behind the target pixel) . Then, it is determ ned whether data of the next
target pixel are end data, when the data of the next target pixel are not
t he end dabaposizesopr ocess continues until data of a suceeedprgsBabget pixe
beconme the end data. When the data of the succeeding target pixel are the
end data, the process ends. When both the data are not matched with each
other, the process goes to a next targeg pixel. Then, it is determ ned
whet her the data of the next target pixel are end data, when the data of

the next {3gRkeRinidkdapatReint Needrdt cthata patherp)obgsLheopeitiiges: unt i
data of a succeedi ng next target pixel becone the end data. As described

above, on f a ofynihe HRgehePigsela are wAechert wdar eddre
pattern ng%gﬁﬁﬁ%gb?%gggg i s executed, and when the data of the target pixel

are the bl ank data, detectiaon_ of anging Rt Y ithe Ratdiar gt chi ng
is not exSHNE&d. enggrgp P Fltggﬁ%b%tgr%onafchfnglis not needed for the
bl ank data, the processing tinme _can be reduced.In the above process, one

pi xel can BEHETIF §8tend Bl #a% Hit3ie bit data. When the one pixe

is the one byte data, 27 bytes are needed to express_data of 27 dots;
howeve$, when the onéhghxehejdatpeasnEhpi taageh, PHRFYy aTByPRE 4PBtneeded (1
byte = 8 bits) . Therefore, when the one pixel is the one bit data, the
anount of di tthderocess goes to a next target pixel (before or

behind the target pixel). Then, it is determined whether
data of the next target pixel are end data, when the data
of the next target pixel are not the end data, the'process
10 continues until eata of a succeeding target pixel become
the end data. When the data of the succeeding target pixel
are the end data, the process ends.
When both the data are not matched with each
‘other, the process goes to a next target pixel. Then, it
15 is determined whether the data of the next terget pixel are
end deta, when the date of the next target pixel are not
the end data, the process continues until data of a
succeeding next target pixel become the end data.
| As desc:ibed above, only when the data of the
20 target pixel.are the font data, the pattefn matching
process 1is executed, and when the data of the térget pixel
are the blank data, detection of a changing point by the
pattern matching is not executed. Since time for the
pattern matching is not needed for the blank data, the

25 processing time can be reduced.



processed is small, the capacity of nenory can be reduced, and the
processi ng speed can be high. Next, referring to Fig. 34, the above process
is expl aiwedossn2e@tai | . Fig. 34 is a diagram showi ng anprexgrploe3mbod he
smal |l ink droplet dot data form ng process shown in Fig. 33. Wien a dot D47
of font data shown in Fig. 34 (b) is selected as a target pixel by using a
reference pattern W2 shown in Fig. 34 a)_, since both the dot patterns are
the sane, as shown in Fig. 34 (c) , data positioned at the target pixel D47

are converted from | af gend osbodatBrodé ®s snehé poxél dedm. bé rhahdsedase, by
using a w ndow of 9 3 dots and the reference pattern of 9 3 dots, it is

possi bl e g determine st Rek Hour dhikge dols shewiore paxeldatsatag acent to
t he changi'ng point are converted into snmall dots. Next, referring to Fig.

35, jaggy Coréﬁﬁfi%ﬁgggc%ﬁggggggpa§e5$%%@gdquij fs sOfaatthae o esent

i nventi on°P§ Caic iS$7a flowchart showing a j aggy correction
process according to the second enbodi nent. qft resent. .l tign.,.Jn the
first enb&@itFenticevaie Hheder?s W@nﬁl&{l tlﬁe:%z’egroéqet 1t3{&\é§sg,0]%%&a{ s (a
| arge ink dropl et dot and a small ink dropl et dOER . However, in the second
enbodi frentd dfytiese gureeg@adachvidndyde, 5 8 &divi-on T O ovE W Mot s, a

medi umink droplet dot is used, that is, three kinds of’
one pixel is the one bit data, the amount of data to be

processed is small, the capacity of memory can be reduced,
and the processing speed can be high.
Next, referring to Fig. 34, the above pfoCess is
10 explained in detail. Fié. 34 is a diagram showing an
exémple of the small ink droplet dot data formiﬁg process
shown. in Fig. 33. When a dot D47 of font.data.shown in Fig.
34 (b) is selected as a target pixel by using a reference
pattern W2 shown in Fig. 34 (a), since both the dot
15 patterns are thé same, as shown in Fig. 34 (c), data
positioned at the target pixel D47 are converted from large
font data into small font data. In this case, by using a
window of 9 x 3 dots and the reference pattern of 9 f 3
dots, it is possible to determine whether four large dots
20 showing font data adjacent tb the changing point are
converted into small dots.
Next, referring to Fig. 35, jaggy correction
according to a second embodimént of the present invention
is explained. Fig. 35 is a flowchart showing a jaggy

25 correction process according to the second embodiment of



dots (the large ink droplet dot, the small ink droplet dot, and the nedi um
ink droplet dot) are used. First, a dot positioned in front of the head of
font dat awDoer2edred as a target pixel. Then, a patterpcorapoiosBmes 0OCESS
is applied, and bit nap data of the font data corresponding to a wi-ndow are
obtai ned by setting the target pixel as the center. The bit map data
obtained at this tine are data of 27_dgps-(9 dots 3 dots) . Next, the
obtained bit map data are conpared with data of a predeterm ned pattern
(ref er encenpaptesBhtbynive@tpant.ern mat chi ng nethod. Wen both the data are
mat ched with each other, the target pixel data are converted into small ink

dropl et dot data or fRAiN f ks drambedinoit dsf achderedonh iheesleiendo not
mat ch wi-th each other, the process goes to a next target pixel (before or

pehi nd t e, LaLOgL xRl ) izetNBH dbts! 3209605 Nak whebher dataagl the next

target pi at'a, when the data of "the next target pixel are not

the end data, _.the process continues until data,of a succeeding.n t ar get
pixelbecoﬁ@aﬁﬁeléﬁdq&&ﬁieqNﬁgﬁ)rheﬁ8§FXegf eﬁetgﬁcgggg- geHQleFgﬁgét pi xe
are the end.data,.the process ends. |n the above process, one_pixel can be
handl efl aofordehyreshitta HrvaoHe Bt mt2ddiieen the bhe pPREe Fgotﬁgténe
byte data, 27 bytes are needed to express data of 27 dots; however, when
the one piaxeledisint Helormrdpltetdatod, isnmped, that is, three kinds of

dots (the largevink droplet dot, the small ink droplet dot,
and the medium ink droplet dot) are used.
First, a.dot positioned in front of the head of-

10 font data is selected as a target pixel; Then, a pattern
matching précess is applied; and bit map data of»the font
data corresponding to a window are obtained by setting the
target pixel as the center. The bit map data thained at
this time are data of 27 dots (9 dots x 3 dots).

15 Nexf, thé obtained bit map data are compared with
data of a predetermined pattern (reference pattern) by the
pattern matching method. When both the data afe matched
with each other, the target pixel data are converted into
small ink droplet dot data or medium ink droplet dot data.

20 When both the data do not match with each other,
the process goes to a next target pixel (béfore or behind
the target pixel). Then, it is determined whether data of
the next target pixel are end data, when the data of the
next target pixel are not the end data, the process

25 continues until data of a succeeding next target pixel



4 bytes are needed (1 byte = 8 bits). Therefore, when the one pixel is the
one bit data, the anount of data to be processed is small, the capacity of
menory cawoheowreessced, and the processi ng speed.can be krcghr2dow3toaes, in a
case where the snmall dot data and the nedium dot data are generated, when
the original font data are expressed as 0 (blank) and 255 (print data) |ike
the bit nmap data, or as 0 (blank) and §1(print data) |ike binary data and
when the font data are tenporarily converted into O (blank) and 255 (print
data) , i pelhmeshnkl eddt ddaba amtienhéheediatim dét tHat sucrkeddngnkeast a and
data formng a font can be converted into data expressing snmall dots and

the medi updels. pigeiexaapkae 8hdaadth]0theeppeckisvekydsl.n addition, when
the smal| dot” data and the medi um dot data are processed as 0 and 1

addi tional nenmories yhosg, sigeyl Spibhee$8TERS $iMe§i d8n Obe thEndinad data are
installed (in this case, two nenories for the small dot data and the nedi um

Wher e a &89 FOiEoFoRneth AR So¢Br nodl 0N R a T et FaToTe 51 IBced by
For mach by oFi A e en BanPHBE St By MR BnEry Bata PP Sfalt dots
(0,1), binary data for nediumdots (0,1), and original 'binary font data, a
sl anting ldates:i monteivelr j aggindde ioner ediedd icahse Mealtifedata, only
4 bytes are needed (1 byté_= 8 bits). Therefore, when the
one pixel is the one bit data, the amounﬁ of data to be
.processed is small, the capacity of'memory can be reduced,
10 and the processing speed can be high.
In this, in a case'where the small dot data and
the medium do£ data are generated, when the original font
data are expressed as 0 (blank) and 255 (pfint data) like
the bit map data, or as 0 (blank) and 1 (print data) 1like
15 Dbinary data and when thé font data are temporarily
converted into 0 (blank) and 255 (print data), in the small
dot data and the medium dot data,.the blank data and data
forming a font can be converted'into data expressing_small
dots and the mediﬁm dots, for example, 85 and 170,
.20 respectively. 1In addition, when the small dot data and the
medium dot data are processed as 0 and 1, additional
memories whose size is the same as the size of the font
data are installed (in this case, two memories for the

small dot data and the medium dot data), the “1” showing

25 that the print data are formed at a position where a small



(described below) . Next, referring to Figs. 36 through 43, exanples of the
jaggy correction according to the second enbodi nent of the present

i nvent i onwenreoenpai ned in detail. In Figs. 36 through #8r1/JR2006BBkG0EXanpl e
t hrough an eighth exanple of the jaggy correction are shown, respectively.
A s described above, in Figs. 36 through 43, the pitch between adjacent two
dots shown by the sane interval is 600.dpi_ in the main scanning direction
and 300 dpi in the sub scanning direction on an actual recording nedium In
addi tion, g.dot. forhmd Ry dtSHal ledrredr Opheh ias 1etltlked ia Prldteddby and a
dot forme y a nediumink droplet is called a nediumdot, and the sizes of
the smal |l dat and the di 0 r t iize dgt s whi ch
formthe é‘iselﬁl-gs&%ﬁlécd d@%né’?{r?gc(ﬁp%r% eﬁozc[{:‘%!é;?{ gg%glesﬁgllaliji'nlﬁﬁlgﬁ'et dot  is
added to bl ank dots D46 and 1 at, changin ints qf the steps ed

changi ng FEI% $:249¢ Eof. 98F2 %’%‘ﬁq qun ggﬁl%gterﬁlofn%its,cth&@@éd C{)ror%Fank- dot s
D45 and D62 and a nediumink dropletdot is added tao the bl ank dots D46 and
D61 at andigigwr himerhsagiend oFoismast bfdatfe Nrdp-rsapéd X Iffidt fPparts. In
Fig. 38, a small ink droplet dot is added to blank dots D44, D45 and D62,
D63, abd angddimurddtrsk (dr,dpl,etardbtorisyiaddediirp nhdmitaglatdot £ D46 and D61 at
and near the changing points of the step-shaped changing parts. In Fig. 39,
a small inklanting line in which jagginess is reduced can be realized

(described below) . - .
Next, referfing to Figs. 36 through 43, ekamples
of the'jaggy correction according to the second embodiment
10 of the present invention are explained in detail. 1In Figs.
36 through 43, a first example through an eighth example of
the jaggy correction are shown, respectively. As deséribed
above, in Figs. 36 through 43, the pitch between adjacent
two dots showﬁ by the same interval is 600 dpi in the main
15 scanning direction and 300 dpi in tﬁe sub scanning
direction on an actual recording medium. Ih addition, a
~dot formed by a small ink droplet is called é.small dot,
and a dot formed by a medium ink droplet is cailed a medium
dot, and the sizes of the small dot and the medium dot are
20 smaller than the size of dots_which form the step-shaped
changing part. |
In Fig. 36, a small ink droplet dot is added to
blank dots D46 and D61 at changing points of the step-
shaped changing parts. In Fig. 37, a small ink droplet dot

25 is added to blank dots D45 and D62 and a medium ink droplet



droplet dot is added to blank dots D43, D44 and D63, D64 and a nedi umink
droplet dot is added to the blank dots D45, D46 and D61, D62 at and near

t he changwogo@pi2edss of the step-shaped changing parts. PoTAgziosBmaYs i N
Figs. 40 through 43, a small ink droplet dot is added to blank dots at and
near the changing points of the step-shaped changing parts, and further

i mage dots (font data dots) near the_changing points of the stepshaped
changing parts are converted into a small ink droplet dot or a mediumink
dropl et dgbt(iiR bhidedcasetha diahk idoksdDdsl endd®6li stnandusedrf ghet he font
data dot) . That is, in Fig. 40, a small ink droplet dot is added to bl ank

dots D43, 5 oo ARG BEL. D62 B Dichariihef gal-tdat a O D47 and

D60 are conveFf into a nmediumink droplet dot. In Fig. 41, a small ink

dropl et dap i 20dad ta0lank et 8ds DiedDtS U0 b 024 D03,

D64, and D59, D60 are converted |nto a nmedi um

D43, Dag, s D66 DAt SIS 2 BEIBES DA B T S iR Aot T #“%25 s

and D58, D59, D60 are converted |nto a_nmedi um_i nk dropl et dat ig. 43,
a smal b |mﬁamknﬂQﬁScRﬁG|%ﬂ¢uﬁﬁ%jaﬁoﬂ&@mﬂ?%ﬁﬁ??ﬁ)ﬁ?aq§ifg @@%nﬁﬁﬂ§ nd D61,

D62, D63, D64, and font data dots D47, D48, D49, D50 and D57, D58, D59, D60
are conveﬁﬂ&dsﬂug}shapﬂﬁLﬂhaHGQnywmﬁnns(nnln Fig. 39, a small ink

dréplet dot is added to blank dots D43, D44 and D63, D64
and'aAmedium ink droplet dot is added to the blank dots D45,
D46 and D61, D62 at and near the changing points of the

10 | step-shaped changing parts.

In addition,.in Figs. 40 through 43, a small ink
droplet dot is édded toAblank dots at and near the changing
points of the step-shaped changing parts, and further iﬁage
dots (font data dots) near the changing points of the step-

15 shaped changing parts are converted into a small ink
droplet dot or a medium ink droplet dot (in this case, a
small ink droplet dot is not used for the font data dot).
That is, in fig. 40, a small ink droplet dot is added to
blank dots D43, D44, D45, D46 and Dél, D62, D63, D64, and

20 font data dots D47 and D60 are converted into a medium ink
droplet dot. In Fig. 41, a small ink droplet dot is added
to blank dots D43, D44, D45, D46 and D61, D62, D63, D64,
and font data dots D47, D48 and D59, D60 are converted into
a medium ink droplet dot. 1In Fig. 42, a small ink droplet

25 dot is added to blank dots D43, D44, D45, D46 and Dél, D62,



Qobservability of jaggi ness was eval uated by an experinent by form ng

| etters of the above eight exanples shown in Figs. 36 through 43. A s a
result ofwoDheoeneperi nent, it is understood that the fol lpowmiJrgopatoses ns are
suitable. That is, patterns were suitable in which patterns four small ink
dropl et dots were added to bl ank dots at and near the changing points and
two or nore image dots (print data dot were converted into a nmedi umink
droplet dot. In other words, exanples shown in Figs. 41 through 43 are

sui tabl e. @3 thg,ot ey hand, qwhendbhe puggessiBngpapeadd 958, udBOd in the
ei ght exanplrés shéwn in Figs 36 through 43, the processing speed of the

exanple shopn L1 Cudvedfes 113! aShedaMh % BROFARS! Brapeed bagaes

sl ower in e exanple shown 1 n Fig. to the exanple shown in

Fig. 43. The first reason s | ajned. In.th a ~hA Fingg. 36
through 393+t Re sghat%lerwkréiweﬁ% idsoncaplp‘f i %%“E%‘ﬁl §ét§?%§§e§g?%“%?ehb?§é
target pixel is a blankdot. However, in the e | es, sho in_Figs. 40
t hr ough 4345 h®4satarst Patat HfiZng DHadst %é'a&ﬂ$3gpq% d@éf?eggﬁtﬁ W4i’eh t he

target pixels are blank dots and i nage dots (prinf data dots) . In other
wor ds, Swhensgnipa g el larich 05058t dst9,0P6d el GANYHEt@bpnde dot i s
added to a blank dot, font data in which the jagginess is reduced can be
formed at pedium ink droplet dot. -
| Observability of jagginess was evaluateq by an
experiment by forming letters of the above eight examples
shown in Figs. 36 through 43. As a result of the
10 experiment, it is understood that the following patterns
are suitablé. That is, patterns were éﬁitable in which
patterns four small ink droplet dots were added to blank
dots at and near the changing points and two or more image
.dots (print data dots) wefe converted into a medium ink
15 droplet dot. In other words, examples shown in Figs. 41
through 43 are suitable.
On the other hand, when the processing speed is
sfudied in the eight examples shown in Figs 36 through 43,
the processing speed of the example shown in Fig. 36 is
20 fastest, and the processing speed becomes slower in order
from the example shown in Fig. 36 to the example shown in
Fig. 43.
The first reason is explained. In the examples

shown in Figs. 36 through 39, the pattern matching is

25 appliéd only to cases in which the target pixel is a blank




hi gh speed. The second reason is explained. The nunber of necessary
reference patterns is smallest in the exanple shown in Fig. 36, and becones
| ar ger i rwond&ri2éésom t he exanpl e shown in Fig. 37 to thecexyanpbsistown in
Fig. 43. In the exanple shown in Fig. 37, a reference pattern, which
determ nes the need for a second blank dot, is required in addition to the
reference pattern in the exanple showngkn_Fig. 36. In the exanple shown in
Fig. 40, a reference pattern, which determ nes the need for a first font

data dot, ji$ Ieguikedr N addidd akdnplidie srefier encer s t eq0stivhbobhdéBer ni ne
t he need Por four blank dots. Further, in the exanple shown in Fig. 41, a

reference_pattern, whj rpi,aesyth eedqf ep aasesone LBAkndaha dot, is
required tReaBa ¢ PER bggfﬁgkgeﬁgggng% %ggterns mhigh are used in the

exanple shown in Fi 40. AP descri bed_ab tggtgqugr Qfdg%%erence
patterns ﬁﬁ&gﬁﬁepﬁﬁgﬁéraGF ﬁ@nEagfgfnaﬁgtgﬁgﬁs Speratons i ncrease
corresponding to the increase of the target pixeli,hbxt, S cifio exanpl es
are expl aidogs) -FoRn @&h&T WRTIAFcWheRaPP1d0Rs SBPd Ladd&d F&PIin i %ot s and
some font data dots are converted into nmedi um dots ghn this case, snal
dots age not ausedium dnk driopled cetndsmaddsdpér By Py dart i Mgt
recordi ng head under the follow ng conditions, and the guality of the
printed | e{ftgf iirS which the jagginess is reduced can be formed at
high speed.
The second reason is expiained. The number of
necessary reference patterns is smallest in the example
10 shown in Fig. 36, and becomes larger in order from the
example shownAin Fig. 37 to the example shown in Fig. 43.
In the example shown in Fig. 37, a reference pattern, which
determines the need for a second blank dot, 'is required in
addition to the reference pattern in the example shown in
15 Fig. 36. In the example shown in Fig. 40, a reference
" pattern, which determines the need for a first font data
dot, is required in addition to the reference patterns
which determine the need for four blank dots. Further, in
‘the example shown in Fig. 41, a reference pattern, which
20 determines the need for a second font data dot, is required
in addition to the reference patterns which are used in the
example shown in Fig. 40. As described above, the number
of reference patterns and the number of the pattern

matching operations increase corresponding to the increase

25 of the target pixels.



eval uated. The conditions: Head; 384 nozzl es/color Nozzle pitch; 84 mm
(corresponds to 300 dpi) Image resolution; 600 dpi in the main scanning

di recti onwoaneb/360@7dpi in the sub scanning direction (=powgrtmepiceah) Dot
size; 87mm (large dot) , 60mm (mediumdot) , and 40mm (snmall dot) Letters;
M5 M ncho (a type of letters), the sizes of fonts = 6 , 10, 12, 20, 30, 50,
and 80 point. Jaggy correction nethodsggdescribed in exanples shown in
Figs. 36 through 43 Printing nethod; the nunber of paths (the nunber of
times of scanning tgef0f r@(%e&'iﬁg& gxamplagdapenekpleihaded Paper datygpe
6200, a product of RI COH , Ltd. Printed letters to which the jaggy

correct i o | 3, 3pl ied andcks 10t apPldcRd AR sRAMBBLEd srln dci@: fone |
prrntedlefterslto Ich the jaggy correction is applied, printed letters in
which a snal |l dot is added taq bl ank do fant t S are
convert ed 93 %2 tFe FHrGmGEY SHT etqﬁel n&)?a%dgs%%sﬁlg\/\%% i((%%Fitgg@Sc%%i Hrough 43

o VS Bl I e a0 ) oh e d BN SR sy
5 uéing éhninkjet recording head under the foligwing
:conditions, and the quality of the printed letter ;s
evaluated.
The conditions:
Head; 384 nozzles/color
10 Nozzle pitch; 84 pum (corresponds to 300 dpi)

Image resolution; 600 dpi in the main scanning
direction, and 300 dpi in_the sub scanning direction (=
nozzle pitcﬁ)

Dot size;_87pm (large dot), 60um (medium dot),

15 and 40um Ksmall,dot)

Letters; MS Mincho (a type of letters), the sizes
of fonts = 6, 10, 12, 20, 30, 50, and 80 point.

Jaggy correction methods; described in examples
shown in Figs. 36 through 43

20 | Printing method; the number of paths (the number
of times of scanning to form a line) = 1, and non-
interlaced

Paper; type 6200, a product of RICOH Co., Ltd.

Printed letters to which the jaggy correction is

25 applied and is not applied are compared. In the printed



to blank dots are used, that is, printed letters forned by only |l arge dots
are used. The results of the conparison are shown in Table 1 . In Table 1
a sign ¢ wo2ee®7t hat j aggi ness is noticeable and it spcetypeiemaioadd ty is

worst, a sign x"
IS next-to-worst,

shows that jagginess is noticeable and its letter quality
a sign D' shows that jagginess is slightly noticeable, a

sign "0" shows that the jagginess is_ngy noticeable and its letter quality
is good, and a sign "(c)" shows that the jagginess is never noticeable and
its |ettef.guakkt ¥ol gnexeekhenyafdabtorteftiA6GYsLEPFERS) ZBr CORRECTI ON 6

10 12 20 30 50 80 METHOD PO NT PO NT PO NT PO NT PO NT PO NT PO NT NON X X

KX X X SIOUELY £1,6,p360,0,HINILY EbGacaZa0: $10:FHBMs! BoBI G 38 0 O

NFIG 40 O

10

15

20

25

some font data dots are converted into a medium dot in the
éxamples shown in Figs. 36 through 43 are used. 1In the

pfintednietters to which the jaggy correction is not

applied, printed letters in which a small dot is not added

to blank dots are used, that is, printed letters formed by
only large dots are used. The results of the comparison
are shown in Table 1. Ih Table 1, a sign “xx” shows that
jagginess is noticeable and its letter quality is worst, a

sign “x” shows that jagginess is noticeable and its letter

‘quality is next-to-worst, a sign “a” shows that jagginess

'is slightly noticeable, a sign “0” shows that the jagginess

is not noticeable and its letter quality is good, and a

sign “©” shows that the jagginess is never noticeable and

its letter quality is excellent.



SHOMN IN FIG 41 O SHOMN IN FIG 42 O SHOMN IN FIG 43 O According to the
results of the conparison, when the jaggy correction according to the
second emvodbeenteoof the present invention is applied, theseabtsrosegual ity
becones excellent. In addition, a letter whose i mage concentration is high
can be obtained without feathering. Further, in order to conpare ink, the
jaggy correction is executed by changlnggigk fromthe pignment type ink to
dye type ink; in this case, feathering targely occurs and roughness caused
by the feathering becpshs) fofj ceabl e thereby weakening the effect of the
jaggy correction. Froma viewoint of the letter quality, when thejagqy

correctiop nenrbads i the present enbo@im™®R SIz& conpared, the letter
qual ity ibkcexrectreol |l n ¢ he |exampl €s shown| i g gs. #B through 40. gdhe
letter qupl iMiyrasp dedrgsiagr i np@nder ﬁdfﬁﬁth?o?N@”bb©§N§hP@@I§@ Fipgsnr39 and
38 to the[exanmptres—sHowT T —37 and a1 s, WTET the Jaggy
correctiop i pliedq tog botih othhe Qkank dot s apd t he mage dbtsA(print
data dot sh—the—effedt—oftHe -
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FIG. 39 0] 0 0 © ®) © ()

SHOWN 1IN :
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FIG. 42 0 © © © - © © ©
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According to the results of the comparison, when
the jaggy correction according to the second embodiment of
the present invention is épplied, the letter quality

5 becomes excellent. In addition; a letter whose image
concentration is high can be obtained without feathering.

Further, in order to §ompare ink, the jaggy
correction is executed by changing ink from the pigment
type ink to dye type ink;‘in this case, feathering largely

10 océurs and roughness caused by the feathering becomes
noticeable thereby weakening the effect éf the jéggy
correction;

From a viewpoint of the letter gquality, when the



j aggy correction becones excellent. Especially, in the exanples shown in
Figs. 42 and 43, letter quality al nost equivalent to letter quality of 600
dpi 600 dpo 20@n2b@70bt ai ned. Even when the sane ref er enpeTpRINEBISOAT €
used, since parts near the changing points can be fornmed by small dots and
the nedium dots, the level difference becones snmooether. In addition, from
Table 1 , the letter quality of the Lakgger font size (letter size) is’
better than that of the smaller font size. However, in the snaller size

letter, t?% gg,f eetrebtt Be hag8Bdeosheehicopriscabt ambedimewtt ker, in any one
of the nethadd shown in Fi gs. 36 through 43, a |large effect can be obtained

for any of the fant _siz erefqre,, Lhe pr-eserhterpodinze s ke applied
r egar di esSOBPA AN Bl ﬁﬁttEQHgaggéﬁy ?@ eRc@3¢ % 28] €

e’'font Size. roma vi ewpoi nt of the processing -

speed, when theg&g%hgggzngébl%&%@%r{ %‘rgge, ﬁenﬁgtttt%? ggﬁtﬁrt f; dots of which

a font is pr ocessi ngspe becones sl ow.
Therefore, when the throughput is intended to EF hiqh qug%o s%&p at
hi gher speegiraded drappicer e tHheo SRhiSCRYPs *overt %‘% S
realized, it is preferable that the present enmbodinent be applied to a-
| et t er 5wh@®e tHoortthes iezamipd €50 sheiwit sirorFiigsss 3ahiadl i3 -gerfdrad 148 udiEn
wi t hout applying the enbodinment to a letter whose font 'size is |arge.
the jaggy correction is applied to both of the blank dots
and the image dots (print data dots), the effect of the
jaggy correction becomes excellent. Especially, in the
examples shown in Figs. 42 and 43, letter quality almost

10 equivalent to letter quality of 600 dpi x 600 dpi can be
obtained. Even when the same reference patterns are used,
since parts near the changing points can be formed by small
dots and the medium dots, the level difference becomes
smoother. -

15 In addition, from Table 1, the letter guality of
the larger font size (letter size) is better than that of
the smaller font size. However, in the smaller size letter,’
the effect of the jaggy correction is obtained.. Further,
in any one of the methods shown in Figs. 36 through 43, a

20 large effect can be obtained for any of the font sizes.
Therefore, the present embodiment can be applied regardless
of the font size.

However, from a viewpoint of the processing speed,

when the font size becomes large, since the number of dots

25 of which a font is bomposed becomes large, the processing



That is, when the changing points are detected only for letters whose font
size is small, the processing tine can be shortened. Especially, when the
changi ng woiics12a69¢ det ected only for |etters whose fontpcsise®os/3106565 poi nt's
or less, both inproving the letter quality and naking the processi ng speed
hi gher can be realized. In addition, the jaggy correction can be applied
corresponding to a color of an image_tg,be output by selecting a jaggy
correction executing node or a node no executlng j aggy correction. That

is, the J@ggxdce%eﬁégoglb{ﬁ apphked rbeepnkiehet her snebughgaltot swhi ch col or
is used frequently in general docunents. Wth this, when high throughput is

ired hi h P M gut I d
UL o, RaBr By E! B RibyoR) BecLRabifedt gL roxBtut Deotnnecessary

‘ e color of yeIIOM/or magent a,
since relative _notice-abjlity by. the.s ns t aker, cyan or
bl ack, th@xﬁ§§é§'cUPFEth69u§EP%5twﬁﬁﬁﬁié Ve?e?peﬁgﬁoﬁgtﬁg &ﬁ%%@e col or
of yellom/or magenta. In detail, thecontentswgescrlb in Pa ent cunent 6
can be applti és. prefenabpresbat &MSoPTRERNT ERRRAFBENTNBFhERR L S%
printed on nornal. paper are explained. However, the present enbodlnent can
be appbi ed fietaareshosiengomedisimes ich 54s PO3ALEd OFapess §hddy dFaper, and
OHP film In addition, it can be determ ned whether the’jaggy correction
accordi ng gteqletﬁqlg,r esed, eikeduteripplying hbesemboddthemt to a letter

whose font size is large.
Tﬁat is, when the changing points are detected
only for letfers whose font size is small, the processing
10 time can be shortened. Especially, when the changing
points are detected only for letters whose font size is 50
points or less, both improving the letter quality and
making the processing speed higher can be realized.
In addition, the jagagy correction can be applied
15 corresponding to a color of an image to be output by
éelecting a.jaggy correctipn executing mode or a mode not
executing jaggy corréction. That is, the jaggy correction
is applied to only letters of a color which color is used
frequently in.general documents. With this, when high
20 throughput is required, a high PPM output can be realized
without executing unnecessary processes. For example, in a
case of a single color of yellow or magenta, since relative
notice-ability by the sense of sight is weaker than cyan or
black, the jaggy correction is not applied tb letters of

25 the single color of yellow or magénta. In detail, the



the differences of the recording nedia. In addition, in the present

enbodi nent, exanples in which a letter is printed by the resolution of 600
dpi 300 dwO 2806212669p! ai ned. However, the present enbodi meotr/Jezmebmeappl i ed
to a case of lower resolution of, for exanple, 400 dpi 200 dpi, or 300 dp
150 dpi. In this case, the dianeter of  dots by which a letter is forned
becones | arge and the level differencegft_the step-shaped changing parts
beconmes noticeabl e. Therefore, when the present enbodinent is applied to

such a caggnr@ntargescefibeqt isapabenebpacnrdntOs tae behepphéad, in a case
of hi gher resopution, for exanple, 600 dpi 600 dpi, 600 dpi 1200 dpi, or

1200 dpi’ 1200 dpi, the (UISL. Bln IQUS QYN Sdiiley iis iatatecs I s | arge

and the dianeter of ts is small. Therefore, the jagginess is not
noticeable. Therefore, in.a case_of-.an.ipag OLULRgiARRAr aljdgeReqVi di ng
plural priRECRG ASABIIPEFILPPNPPRE2A Eé?ggrgﬁg %??Pe%ent resolutions, it is
preferable to havetwo npodes, that is, a_node i,n_which | adg ection

i s execut sHeapdegertdeMPRIALER FRE P&g@?pg6fge59iSnrﬁéggg%ﬁgxégggggi and
one of the nodes is selected corresponding to the res%Lgtion Wth this,

the ths oughptit acacdae eidnPepaged 91PE SYhPEPEZse 21gj REE H,nTaQJPness is
hardly noticeable when the resolution is 600 dpi or nore, as a guide line,
when the pesalyldngn iei tdzer ben defte rneineds edretineg dheedeiggly GPTTFCtion

according to the present embodiment is to be selected by
the differences of the recording media.
In addition, in the present embodiment, examples
10 in which a letter is printed by the resolution of 600Vdpi x
300 dpi are explained. However, the present embodiment can
be applied to a case of lower resolution of, for example,
400 dpi x 200 dpi, or 300 dpi x 150 dpi. In this case, the
diameter of dots by which a letter is formed becomes large
15 and the level difference at the step-shaped changing parts
becomes noticeable. Therefore, when the p;eSent embodiment
is applied to such a case, a larger effect can be obtained.
On the other hand, in a case of higher resolution,
for example, 600 dpi x 600 dpi, 600 dpi x 1200 dpi, or 1200
20 dpi x 1200 dpi, the number of dots by which a letter is
formed is large and thé diameter of the dots is small.
Therefore, the jagginess is not noticeable.
Therefore, in a case of an image forming
apparatus providing plural printing modes for printing a

25 letter by different resolutions, it is preferable to have



t he sub scanning direction is |less than 600 dpi, the jaggy correction is
executed. Further, in the present enbodi nent, an exanple is explained in
whi ch t hewpnesentesenbodi ment is applied to a serial typecryeyessmses ng
apparatus. However, in a case of a line type imge form ng apparatus, the
resolution in the line direction (first direction: nozzle arraying
direction of a recording head) is regubated by the nozzle pitch, and the
resolution in the recording mediumcarrying direction (second direction)
can be chgpgeflob¥sghangitngst he madeyingwhiohnthef jabgyr ecordichgonmedisum
Therefore, in the case of the |line type inmage form ng apparatus, when the

resol uti

direction

0Qxéﬁu£@8 ageondpdheechi PRitR Bhehgbgyhanothattibnt he hotst
e Jaggy correction applied to a slanting line nearly parall.el

to the Seggggﬁgggffs anoﬁadokstﬂetﬂaaeglﬁg E%l@cﬁéa”EbQQeEFBﬁdE%%rEb

parall e

dlrectlon

IS 1S p055|ble In addition, the font

dat a havin t he jaggycorre for y n r
installedt &°RE géﬁﬁp @%i%béﬁgﬁhalq% §§ d%hc%%pé% &g?gg%§¥gon

processi

i mage Tat anatbisesE S0 éﬁnFﬁM
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ng apparatus |nclud|n an i mage proqes pparatus, .from which
Yoe ﬂé@Sﬁ&Pﬁ& &8p Pé %?ﬁéFéﬁE#& whgl

driver is stored in a CO-ROM or a hard dISk in a server on a

aSh&o&bwaﬂ@tuwnwhﬁcWOOhdppaggym@@ﬁne@ﬁl@ngwéﬁﬁodlner when

the resolution either in the main scanning direction or in
the sub scanning direction is less than 600 dpi, the.jaggy
correction is executed.

Further, in the present embodiment, an,examplé is
explained in which the present embodiment is applied to a
serial type image forming apparatus. However, in a case of
a line type image forming apparatus, the resolution in the
line direction (first direction: nozzle arraying direction
of a recording head) is regulated by the nozzle pitch, and
the resolution in the recording medium carrying direction
_(secona direction) can be changed by changing‘the cafrying
amount of the recording medium. Therefore, in tﬁe case of
the line type image forming apparatus,'when the-resolgtion
in the second direction is higﬁer than that in the first
direction, the jaggy correction applied to a slanting liné
nearly parallel to the second direction and is not applied
to a slanting line nearly parallel to the firsf direction.
This is possible.

In addition, the font data having the jaggy



(dot data conversion nethod) is described. The personal conputer can
operate the software by downloading it fromthe server. In the present
enbodi nenvo 2a0/e8@npl e i s explained in which a host computrgr2mssmdées t he
jaggy correction (dot data conversion) . However, an image form ng
apparatus can execute the jaggy correction. Referring to Fig. 44, this case
is explained. Fig. 44 is a block diagrg$1§homﬁng an i mage form ng apparat us
in which the program (printer driver) of the jaggy correction process

aCCOfdiHQCEQrEEQiSHbQSFﬂEQBSaQE FRemBHEBYNE pRYRBErOdrisernshatheded n
this, the jaggy correction explained above is executed in the inmage formng

apparatus., _In ﬁ% + 4§%ggge%gﬁg%rggﬁghngoﬁgggg§§ugu@hnggegnrecording

apparatusfn560 &l G mai n controller) 501 which controls all the
el enments in the apparatus. The CPU 501 proyi aqqy rection unit
(dot datalééﬁ€@F§58ﬁ HﬁPPfsﬁlggnggéfﬁﬁgsu%bgﬁﬁgin eggcgﬁ% “a st epshaped
changing part, and a ROM 502 in which variqus prggrans ref erence patterns

for patteproresshnagaPRaERE UYSag§yFoBorhacti dR295nd258 6FarE st 6Pe8" The CPU
501 stores print.data such-as |letter code data given from application

softwase GOkjet ackosticgnpwperaths). 60bereigrsri fhEnfriRd§e d&FtdSfenory
503. The data stored in the printing i mage data nenory -
is stored in a CD-ROM or a hard disk in a server on a
network as software in which the jaggy dorrection method
(dot data conversion method) is described. The personal
cémputer can oberate the software by-downloading it from
10 the server.

In the present embodiment, an example is
explained in which a host computer executes the jaggy
correction (dot data conversion). However, an image
forming apparatus can execute the jaggy correction.

15 Réferring to Fig. 44, this case is expiained. Fig. 44 isva
. block diagram showiﬁg an image forming apparatus in which
thé program (printer driverf‘bf the jaggy correction
prodess according to the embodiments of the present
inven£ion is installed. In this, the jaggy correction
20 explained above is executed in the image forming épparatus.

In Fig. 44, an image forming apparafus (inkjet
recérding apparatus) 500 includes a CPU (main controller)
501 which controls all the elements in the apparatus. The

CPU 501 provides a jaggy correction unit (dot data

25 conversion unit), a detecting unit for detecting a step-



503 are interpreted by a rasterizer 504. \Wen the inkjet recording
apparatus 500 receives a command to print a line, the rasterized data are
t ransf or 0 200/ 26@7pri nt dot pattern correspondi ng to tipeTdesiogsribed
position, boldness, and so on, and the print dot pattern is stored in the’
raster data nenory 505. When the command is given to print a letter, the
CPU 501 reads outline information of _tkhg Letter fromthe font data 508 and
the rasterizer 504 transforns the data into a print dot pattern (bit map

dat a) cor%gggg@dgﬂgnbgnbhgagesign@tedRpMsBDQomnainshzgaad@ugtores the bit
map data in the rastér data nmenory 505. At this time, the CPU 501 detects a

st ep-shap in Fhnfh dagh@athnisNn@olri patekra hattlrinign ia lhee nearly
par al | el ?%I%ﬁ%&%éi%egganﬂingggirection by using the bit map data. Then

the CPU 501 applies the jag cQrrecti .St @pesbgre hargidfg part
by usi ng ﬂéﬁ%ﬁgﬁﬁgrﬁgﬁﬂgbhs%%?hgf ?&,ag%tgqﬁggg thgﬁgtep-sgggéd changi ng
part are converted into_snualler dots correspondingt e _slant] egree of
the step- SiFdped defangiucy g Lot & d&%@ Hékggr%r%g}fﬂ$é¥}%i§%5% st or ed
in the raster data nenory 505 is sent to a pri % r .engine 510, and the
print Hot swdtttveme i6)lpofntedodt £IEEGEH rl cﬁegi mPAR B %, the print
dot pattern is scanned in the main and sub scanning diréctions while a
pressure genefeatddig wrirorys Sx3.ven by the printer driver 510.

The data stored in the printing image data memory
503 are interpreted by a rasterizer 504. When the inkjet
recording apparatus 500 receives a command to print a line,
10 the rasterized data are transformed into'a print dot
pattern corresponding to the designated position, boldness,
and so on, and the print dot pattern is stored in the
raster data memory 505. When the command is given to print
a letter, the CPUV501 reads outline information of the
15 letter from.tﬁe font data 508 and the rasterizer 504
transforms the data into a print dot pattern (bit map data)
corresponding to the designated position and size and
stores the bit map daté in the raster data memory 505.
At this time, the CPU 501 detects a step-shaped
20 changing part of a slanting line of a letter in a line
nearly parallel to the main scanning direction by using the
bit map data.. Then, the CPU 501 applies the jaggy
correction to the step-shaped changing part by using
réference patterns. Tha£ is, dots near the step-shaped

25 changing part are converted into smaller dots corresponding



In this, the detection of the step-shaped changing part and the conversion
of dot data are executed by software (progranm) . However, the above

oper at i onsocass/essexecut ed by only hardware such as an ABrGrfomppioceat i on
specific integrated circuit) . As described above, when the bit nmap
expansion and the jaggy correction (dot data conversion process) are
executed in the image form ng apparatugg the bit map data are not included
in data transfer fromthe host conputer to the inmage forming apparatus.
Consequentby thiehg 1phedegsdegrepeed haeomesphisphpaddchhegthgopghbut

i ncreases. Further, the present inventionis not [imted to these

enbodi ments, but vartpasyVait add©OnNSaePErAOMb Lt ofd b afst anpys bereddenwi t hout
departing fromthe scope of the present invention. The patent application

i s based on, Jananese PLLOGEY, BabeR! 1APRlNEALon Mesnt2005nETAR33 10,1 ed on

May 24, 2 , t he Japanes at ent fice, the entire contentsof which

are hereby incorporat ed ref erence. CLAI AN [ I met hod
whi ch f or P& r?g’@epd:d't“é: tdg’%b@a&gteﬁﬁ?t r 8ﬁl%§%%n§6egf 5%%1%28351 pgfr%?tl[}lgn'mhi ch
g

apparatus fornms an inmage conposed of a plurality of dots.b sing .dropl ets
of recdr diffg thiguitdmen dibef Sremt oo RAGIGTD AEERTSS TR B on and

a second direction which second direction is orthogonal” to the first
directionand sub scanning directions while a pressure generating

‘unit is driven by the printer driver 510.
In this, the detection of the step-shaped
changing part and the conversion of dot data are executed
10 by software (program). However, the'?bove operations can
be executed by only hardware such as an ASIC (application
specific integrated circuit).
As described above, wheh the bit map expansion
and the jaggy correction (dot data conversion process) are
15 executed in the image forming apparatus, the bit map data
are not included in data transfer from the host compufer to
the image forming apparatus. Consequently, the processing
speed becomes high and the throughput increases.
Further, the present invention is not limited to
20 these embodiments, but various variations and modifications
may be made without departing from the scope of the present
invention.
Tﬁe patent applicatién is baéedlon Japanese
Priority Patent Application No..2005-150882 filed on May 24,

25 2005, with the Japanese Patent Office, the entire contents



conprising the step of: detecting one or nore of the dots to be converted
by using an mn" dot w ndow in which a nunber of dots "ni corresponds to

t he resolwbi2ees/i2esorhe first direction and a nunber of dets/igbmossmesesponds
to the resolution in the second direction, when one or nore of the dots
near a step-shaped changing part of dots of an outline part of the inage
are converted into a predeterm ned det 962-. The i nmage processing nmethod as
clainmed in claiml1l , wherein: the detected dot to be converted is a dot of
a bl ank paft whfi chheriemhge ehyd insocpavaitedd byntrefgremerl- size dot. 3 . The

i mage processing nmethod as clainmed in claim1l , wherein:the detected one or
nore dots to be converted are dots of plural blank parts of the inmage and
are converted into a small size dot. 4 . The image processing nethod as
claimed in claim1 wherein: the detected dot to be converted is a dot of an
i mge part of the image and is converted into a small size dot. 5 . The

i mage processing nethod as clained in claiml1l , wherein:



the detected one or nore dots to be converted are dots of plural imge
parts of the imge and are converted into a snmall size dot. 6 . The inage
processi ngormidmessas clained in claim2 , wherein: the soaliP262B660Ot | S
selected fromplural kinds of small size dots. 7 . The inmage processing
method as clained in claim1 , wherein: the detected one or nore dots to be
converted are converted into the predeterm ned dot corresponding to

thesl ant of the outline part of the image. 8 . The i mge processing net hod
as claimed in claim1l , wherein: theCtaiE6ted one or nore dots to be
converted are converted into the predeterm ned dot corresponding to a col or
of a dot of the inmage. 9 . The inage processing nethod as clained in claim
1, wherein: when the image is a letter image, one or nore of the dots near

he prodet ornined dat Anerdie Ton The Tont e se or e oy " ehge. 10,
The inaged%%%c%%skggog%%ﬁ%df%%npg%iq%%ggnfgkﬁﬁgblaprQ%E%Enﬁhich
5 apbaratﬁs'forms an image composed of a plurality of dots by
using droblets of recording liquid in differené resolutions
between a first direction and a second direcfion'which.
second direction is orthogonal to the first‘direction,
comprising the step of:
10 | | detecting one or more of the dots to be converted
by using an “m x n” dot window in which a number of dots
“m” corresponds to the resolution in the first direction
and a number of dots “n” corresponds to the resolution in
the second direction, when one or more of the dots near a

15 step-shaped changing part of dots of an outline part of the

image are converted into a predetermined dot.

2. The image processing method as claimed in
claim i, wherein:
20 the detected dot to be_convertéd is a dot of a
blank part of the image and is converted into a small size

dot.

3. The image processing method as claimed in

25 claim 1, wherein:



the one or nore dots near the step-shaped changing part of the inmge are
not converted into the predeterm ned dot depending on the resolution in the
first di rwot2oesn2e6%d t he resolution in the second directipomJyriobe/3tdaod mage
form ng apparatus which fornms an i nage conposed of a plurality of. dots by
using droplets of recording liquid in different resolutions betwen a
firstdirection and a second direction wg ¢h second direction is orthogonal
to the first direction, conprising: a detecting unit that detects one or
nmore of the dots to the cEbeertatl drye ust mpwm dotin"taldie wionrier ted wifeh a
nunber of dots "m' corresponds to the resolution in the first direction and
a nunber QfodotsE PlurGAr HASRXN G At tdFe uias dlnidgeoanidn aree ot et rect i on,
when one or nore of the dots near a step-shaped changing part of dots of an
outline part, of the,mgeargconverted into a predeternined dot. 12 . The
i mage form ng apparatus as clainmed in claim11l, wherein: the detected dot
to be converted is a dot of a blank part of the image and is converted into
a small size dot. 13. The inmge form ng apparatus as claimed in claim11l,
wher ei n: the detect eg one or nore dots tp be cot%/grted

5 The image processing met as cfgfmed in
claim 1 wherein:

-the detected dot to be converted is‘a dot of an
image part of the image and'is converted into a small size
dot.

10

5. The image processing method as claimed in
claim 1, whefein:

the detected oné or more dots to be converted are
dbts of plural image parté of the image and are converted

15 into a small size dot.

6. The image processing method as claimed in
claim 2, wherein:

the small size dot is selected from plural kinds

20 of small size dots..

7. The image processing method as claimed in
claim 1, wherein:
the detected one or more dots to be converted are

25 converted into the predetermined dot corresponding to the



dots of plural

bl ank parts of the imge and are converted into a snmall

si ze

dot. 14. The image formng .apparatus as clainmed in claim1ll wherein:the
det ect ed wot2oden2b@7converted is a dot of an inmage part eCTtubmosBRges and is
converted into a small size dot. 15. The inmage form ng apparatus as cl ai ned
in claiml1l, wherein: the detected one or nore dots to be converted are

dots of plural

dot. 16. The inmge form ng apparatus as clainmed in claim1l, wherein:

detected @Qn@ner o¥r8cdoiis1inebpacenevér tke amegeonverted into the
predeterm ned dot corresponding to the slant of the outline part of the

i mge. 17 .

the detected one or nore dots to be converted are converted into the

predet erm ned dot cqf{ r elsr%oqgria%%”éogro% Hg HetrAata Ofcithenddmage. 18.

i mge form ng appara

aletter

‘us ‘as

of the | ecl@im 1, wherein:

5

10

15

20
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" the detected one or more dots to be qonverted are
converted into the predetérmined dot corresponding to a

color of a dot of the image.

9. The image processing method as claimed in
claim 1, wherein:

when the image is a letter'image,.one or more of
the dots near the step-shaped changing part of the letter
image are not converted into the predetermined dot

depending on the font size of the letter image.

10. The image processing method as claimed in
claim 1, wherein:

the one or more dots peér the step-shaped
changing part of the image are not converted into the
predetermined dot depending on the resolution in the first

direction and the resolution in the second direction.

11. An image forming apparatus which forms an
image composed of a plurality of.dots by using droplets of

recording liquid in different resolutions between a first

i mge parts of the inmagggand are converted into a snal

si ze
t he

The image form ng apparatus as clained in claim11l, wherein:

The

In claim1ll, wherein: when the imge is
i mge, .one or nore ofthe dots near the step-shaped changi ng part



i mge are not converted into the predeterm ned dot depending on the font
size of the letter inmage. 19. The inage form ng apparatus as clained in

cl ai m 11, wohessizeeo7t he one or nore dots near the step-sipapgad2obanging part
of the imge are not converted into the predeterm ned dot depending on the
resolution in the first direction and the resolution in the second

direction. 20. A program which causes gogonputer to execute the image
processing nethod as clained in claim1l .

direction and a second direction which second direction is
orthogonal to the first direction, comprising:
a detecting unit that detects one or more of the

dots to be converted by using an “m x n” dot window in

5 which a number of dots “m” corresponds to the ;esolution in
the first direction and a number of dots ™“n” éorresponds to
the résolution in the second direction, when one or more of
the dots near a step-shaped changing part of doté of én
outliﬁe part of the image are converted into a

10 predetermined dot. .

12. The image forming apparatus as claimed in
claim 11, wherein:
the detected dot to be converted is a dot of a
15 blank part of the image and is converted into a small size

dot.

13. The image forming apparatus as claimed in
claim 11, wherein:
20 the detected one or more dots to be converted are
dots of plural blank parts of the image and are converted

into a small size dot.

14. The image forming apparatus as claimed in

25 claim 11 wherein:
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the detected dot to be converted is a dot of an

image part of the image and is converted into a small size

dot.

15. The image forming apparatus as claimed in
claim 11, Wherein:

the detected one or more dots to be converted are
dots of plural image parts of the iﬁage and are converted

into a smail size dot.

16. The image forming apparatus as claimed in
claim 11, wherein:
| the detected one or more dots to be converted are
converted into the predetermined dot corresponding to the

slant of the outline part of the image.

17. The image forming apparatus as claimed in
claim 11, wherein:

the detected one or more dots to be converted are
converted into the predetermined dot corresponding to a

color of a dot of the image.

18. The image forming apparatus as claimed in
claim 11, wherein:

when the image is a letter image, one or more of
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the dots near the step-shaped changing part of the letter
image are not converted into the predetermined dot

depending on the font size of the letter image.

5 ) "7 19. The image forming apparatus as claimed in

claim 11, wherein:

the one or more dots near the stepfshaped
changing part of the image are not converted into the
predetermined dot depending on the resolution in the first

10 direction and the resolution in the second direction.

20. A program which causes a computer to execute

the image processing method as claimed in claim 1.



