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particularly to an inmage processing apparatus, an inmage form ng apparatus,
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also relates to a conputer-readabl e storage 15 nedi um whi ch stores a
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suited for | UPLOYI B e fl GihSa0H3! | et AN goohih0D, BACKGROUND

ART 20 An in I's'used in various kinds of inmage formng
apparatuses (or imge recording %&&ﬁﬁgg ughTasp Pt ers, facsimle
machi nes and copﬁﬁﬁgﬂﬁﬁcﬁﬁﬁggg' (ﬂ%nk-jet 5P?nﬁgF can record at a high

speed, and does not require a special fixin r with respect to the
so-cal l ed 25 plain papePVPYFEREFEAOPERE ﬁB@%‘gﬁﬁﬁ@C@ﬁ@d by the ink-jet WO
2004/ 000563 PCT/ JP2003/007487 -2 printer during the recording is
negligibly small. For this

TECHNICAL FIELD

The present invention generally relates to image
processing apparatuses, image forming apparatuses, printer
10 drivers and image processing methods, and more particularly to
an image processing apparatus, an image forming apparatus, a
printer driver and an image processing method which are suited
for improving a picture quality at a low resolution. The
present invention also relates to a computer—readable storage
15 medium which stores a computer program for causing a computer
to carry out an image processing suited for improving the

picture quality at a low resolution.

BACKGRQUND ART

20 An ink-jet printer is used in various kinds of
image forming apparatuses (or image recording apparatuses)
such as printers, facsimile machines and copying machines.

The ink-jet printer can record at a high speed, and does not
require a s@ecial fixing process with respect to the so-called

25 plain paper. In addition, noise generated by the ink-jet



reason, the ink-jet printer is popularly enployed for office wuse. In the
ink-jet printer, a pressure generating neans 5 of an ink-jet head is
fornmed bywe 2o@0DFesd resi stor which generates air bubbl @eSTiymabeoasse of
the thermal ink-jet, a piezoelectric elenent in the case of the

pi ezoel ectric ink-jet, and an elegtrostatic element in the case of the

el ectrostatic ink-jet. The dot size is controlled by controlling an 10
anpl i t ugde, i@, Pehsend dhb, racouaber iof neglsesbandsmakl | i &S dri ving

vol t age ich is applied to el ectrodes of such pressure generating neans.
Hence, the pre r enerat.| efEENlires pmpdsyed far affiligke chanber of
t he inkgf%ﬁgth%Hegggé %%nb%ggée infzination to eject ink drops froma
nozzle of 15 the ink-jet head, and the ejected ink drops are adhered onto a
recor di A€ nedi um such as paper and filmso as to forman inmage of the

i mge information on the,recgéginﬁ nedi um_ The |

L2k ] {4y efetaN be
categorized into an 819 dP5 B ﬁn5ﬁﬁiﬁ%g%ypeuggpgﬁg%ﬁgE&ﬂﬁtﬁz head

structure. 20 The serial type ink-jet printer forns tPewﬁ e while

scanfi ngft ae imcoyeli npatedisufPricd %*?éi% hRaiRih § SS4PFaEt | o%@}gy the ink-j et
head, that is, in a direction taken along a wwdth of the recordi ng nedi um
(her ei natherasbsmiyr meftdrasednt thascasei @t H-H EEETEh) JRAF1RY’ dhe or a
plurality 25 of scans in the nmain scanning direction ends, the recordi ng WO

2004000563, BEILIPR00 S En <Remediam stha arisporieatracf B next
recording |1 ne.

and an electrostatic element in the case of the electrostatic
ink-jet. The dot size is controlled by controlling an

10 amplitude, a pulse width, a number of pulses and the like of a
driving voltage which is applied to electrodes of such
pressure generating means. Hence, the pressure generating
means applies pressure to an ink chamber of the ink-jet head
based on image information to eject ink drops from a nozzle of

15 the ink-jet head, and the ejected ink drops are adhered onto a
recording medium such as paper and film so as to form an image
of the image information on the recording medium.

The ink-jet printer can be categorized into a

‘serial type and a line type depending on the head strﬁcture.

20 The serial type ink-jet printer forms the image
while scanning the recording medium in a main scanning
direction by the ink-jet head, that is, in a direction taken
along a width of the recording medium (hereinafter simply
referred to as a width direction) . After one or a plurality

95 of scans in the main scanning direction ends, the recording



On the other hand, the line type ink-jet printer wuses an ink-jet head
havi ng nozzl es arranged along approximately the entire wdth of the

r ecor di ngwoedi«mseBience, 5 no scan is made in the w dt hpdireaws/omssf t he
recording medium and the recording is made while transporting the
recording nedium The line type igk-jet printer has an advantage in that
the recording speed is high, becauSe one |line in the 10 wdth direction of

the recgrdi ng MediUmdos feumed reimd traseouskprdtogevine. the size of the
ink-jet printer as a whol e becones | arge because the ink-jet head of the

line type ink-jet. print i.s hange. +furither e, ihR-9edepriccenarry out
the recordi ng at 8 i%ﬁ% %&ggﬁut?onf the nozzl es nust be 15 arranged at a

hi gh density, thereby increasing the prod ' cgst,Qf the ink-jet head.
The ser HAPSt§pel k-G tet SFF ﬁ?@%gﬁa%ozazﬁleﬁd\%g}rﬁagl sUHROMat the i nk. jet head

is relatively small, and the cost of the_ ink-jet.printer as | e can be
suppr essegdrobtatsly the 2o trsduéitd Pl odte dﬁ‘ecjtoﬁglgﬁk@? e%urﬁéagiegl%t’he

serial type ink-jet printer is relatively low. For this reason,, the serial
types i k- sen pis niete iis: phpubadty dseRFTIPV Y e ZBFPFLAET SR Wwever
particularly when the ink-jet printer records the image on plain paper,

pi ct ur e jquakht yr25 etef i1y alidenshpee utTarspo-tting ithR- FREOF@E®F di ng, such
as WD 2004/ 000563 PCT/ JP2003/ 007487 -4 color reproducibility, durability,
| i ght r%%hiﬁﬁpce, i nk

The line type ink-jet printer has an advantage in

that the recording speed is high, because one line in the

10 width direction of the recording medium is formed
simultaneously. However, the size of the ink—-jet printer as a
whole becomes large because the ink-jet head of the line type
ink~jet printer is large. Furthermore, in order to carry out
the recording at a high resolution, the nozzles must be

15 arranged at a high density, thereby increasing the production
cost of the ink-jet head.

The serial type ink-jet printer has an advantage in
that the ink—jet head is relatively small, and the cost of the
ink-jet printer as a whole can be suppressed, because the

20 production cost of the ink-jet head of the serial type ink—-jet
printer is relatively low. For this reason, the serial type
ink-jet printer is popularly used in various applications.

However, particularly when the iﬁk—jet printer
records the image on plain paper, picture quality

25  deteriorations peculiar to the ink—jet recording, such as



drying characteristic (fixing characteristic), feathering, color bleeding
and dupl ex recordi ng characteristic of the inmge, beconme conspi cuous.

Mor eover ,watzeow/@nseat t enpt is nmade 5 to carry out a hi ghPspaezbos/eecasdi ng
with respect to the plain paper, it is extrenely difficult to carry out
the recording while satisfying aLh_of these characteristics which affect
the picture quality. Next, a description wll be given of the problens 10
pecul | agot®r theidtkediet 1ptiynt euraibichi tvoc drignfg TeRES TR ok the plain
paper. Normally, the ink used for the ink-jet recording (printing)

i ncl Udeér%?ﬁ(frc}?asra%ﬁ&ii@tQ@WQBEMg @rekdctergeneril | feaduudndith a col oring
agent, and a wetting agent 15 such as glycerol for the purpose of

preventing cl.oggi f nQzz}8Sordihey CM-okichgragent éhcinedes a dye and
a pigneﬁ??oﬁﬁo é%%leﬁ¥#gﬁgply, a dye-ggéed ink is used for a color portion

in nost cases because of .the supeli orgenghakebmand Strleid ity. 20
However 1Me@e  rRRfE z@dlsa%ngggér?%%?%?&%u'cﬁv as the light resistance and

wat er resistance of the inage, obtained by use e, dye- eddnk is
poor &r thaﬂarhﬁt0@%ﬁ%ﬁﬁéﬂrﬁ?eeGsEeS?réﬁP?r1lt’ Fgﬁgﬁégstghgh%?%%ent as the

coloring agent. Wth respect to the water resistance in gaééiﬁular, it is
25 possihbert oitens | petmandlypoFERERE T L]0 £ AT EReeh? By Use wo
2004/ 000563 PCT/ JP2003/ 007487 of recording paper which is_pmade exclusively
for theyhhkej ehtisegnigialg arfdthrebudesrartemie dissobiAg PEYRTT @t a
picture quality.
Next, a description will be given of the problems
10 peculiar to the ink-jet printer when recording the image on
the plain paper.
Normally, the ink used for the ink-jet recording
(printing) includes water as a main component, and is
generally added with a coloring agent, and a wetting agent
15 such as glycerol for the purpose of preventing clogging of the
nozzles. The coloring agent includes a dye and a pigment, and
conventionally, a dye-based ink is used for a color portion in
most cases Eecause of the superior color generation and
stability.
20 However, the ruggedized characteristic, such as the
light resistance and water resistance of the image, obtained
by use of the dye-based ink is poorer than that obtained by
use of an ink which uses the pigment as the coloring agent.
With respect to the water resistance in particular, it is

25 possible to realize an improvement to a certain extent by use



satisfactory water resistance cannot be obtained when the plain paper is
used. 5 In order to solve the problens cased by the use of the dye-based
ink for twe one@wr#iBng Wwth respect to the plain paper, paTpgPoenimsed i nk
usi ng an organic pignment, carbon black or the Iike as the col oring agent
is used for the recording with respect to the plain paper. Unlike the dye,
10 the pignment has no solubility to water. Hence, the pignent |s_ normally
n xed wotth racdid peg spampagdritchand Sa8f etetoedy éP§p£P§ibﬁ#iﬁ%€ess to
forma water ink in which the pigment is stably dispersed in water. The
light resicstansg and imelwdisennr ésksthscebam lay®he Bupraved by use of the
pi gnent - based i nk descri bed above. However, it is difficult to

si mul tangoysly LEpy oy exLhe:dliencehasass erss o ki inahf ene t he pi ct ur e
quality. 1t is difficult to obtain a high inage tone, a sufficient color

generatiqn, a_high col eproducibility and the |ike, 20 particularly when
carryin i Baﬁgﬁh}gpgéﬁﬁTecording wth respect to the plain paper. As a

Chardct eristio. (i RECERaIRaTr ot e) DPBaTRor et 8l Gr ool E2dT b and
been' pr opueaderRosapakel et YD U0 4RO00563 PEAH) PATFT G0 8 o 812 d- Cpen
Pat ent Applications No.6-171072 and No. 2000- 355159 in order to solve the
pr0b|en&mﬁﬁtﬁOdu@édmthﬁb@sﬂdyMﬁgU@gpg an organic pigment, carbon
black or the like as the coloring agent is used for the
recording with respect to the plain paper. Unlike the dye,
10 the pigment has no solubility to water. Hence, the pigment is
normally mixed with a dispersing agent and subjected to a
dispersion process to form a water ink in which the pigment is
stably dispersed in water.
The light resistance and the wéter resistance can
15 Dbe improved by use of the pigment-based ink described above.
However, it is difficult to simultaneously improve the other
characteristics which affect the picture gquality. It is
difficult to obtain a high image tone, a sufficient color
generation, a high color reproducibility and the like,
20 particularly when carrying out a high-speed recording with
respect to the plain paper. As a result, it is difficult to
simultaneously obtain satisfactory ink drying characteristic
(fixing characteristic), feathering, color bleeding and duplex

recording characteristic of the image.

25 Recording methods have been proposed in Japanese



the recording on the plain paper using the pignment-based ink described
above. 5 According to the recording nmethod proposed in the Japanese

Lai d- OperwBabentoodppl i cati on No. 6-171072, the ink incl edegrPzophgmagnt, a
pol ynmer dispersing agent and a resin enulsion. By adjusting a solid
adhering anount per unit area on_ghe recording paper during a 100% duty
recording to an 10 appropriate range, it is possible to redu ghe printing
i nconsi 54 escyp@auEsatnhy Appdieatiegy|NR i 41t 1167 2peed N%rZQQ)O’f:I‘éS% 9

pi gment Obased ink. As a result, the feathering is elimnated, and a

pi ct ure; gualidy HaWNGea thieghrobtensi Ny taheedanhbe obravied.cutls On the
ot her hand, according to the Japanese Laid- Open Patent Application

No. 2000- éé%é&m%ﬂﬁ;aio% tql%nmggﬁi B8pet Ned deshe plighent-aased jpenetrant,
wher e tﬁe pr ghen S a i Spersion group at the pigment surface and is
surface-treated %%%as to be independently dispersible into a water
solventﬁeéﬁrEQG%dﬁ %ﬁ'ng an ejecting anount of the ink conposition per
unit area of the recording pap os%%

, 11 1S e ss, the
gene¥ ation of irre@ﬁﬁ%ﬁimﬁhﬁﬁbﬁ%ﬁgrFﬁofﬁgn?eé%%ﬁ%%%Fﬁggggg g%d to quickly
dry the ink conposition on the recording paper. result hi gh
recordiﬂgpanaeecbmi@éhgéb&ﬁé@?taﬁﬁpélQQQ%%ﬁﬁg?éﬁﬁﬁiyqarciﬁ?eiﬁgality can be
obt ai ned. WO 2004/ 000563 PCT/ JP2003/ 007487 -7 Next, a description will be
gi ven ofinthedeecargidguenispeedolyment ihgrepet) .2d9htt B89 asES8t 2t he seri al

P Ihzgulsion. By adjusting a solid adhering amount per unit area
on the recording paper during a 100% duty recording to an

10 appropriate range, it is possible to reduce the printing
inconsistency caused by pigment agglutination peculiar to the
pigmentObased ink. As a result, the feathering is eliminated,
and a picture quality having a high recording tone can be
obtained.

i5 On the other hand, according to the Japanese Laid-
Open Patent Application No.2000-355159, the ink composition
includes a pigment and a penetrant, where the pigment has a
dispersion group at the pigment surface and is surface—treated
so as to be independently dispersible into a water solvent.

20 By adjusting an ejecting amount of the ink composition per
unit area of the recording paper, it is possible to suppress
the generation of irregular feathering in the recorded image,
and to quickly dry the ink composition on the recording paper.

As a result, a high recording tone can be secured, and a

25 satisfactory picture gquality can be obtained.



jet printer, the recording speed is determ ned by a resolution of the

i mge, nozzle density, driving frequency at which the 5 dots are forned,
sub scanmwogospwewdand the |ike. The nozzle density is [PCriJP2M3NY748he
processing accuracy of the nozzle, ink chanber, flow passage, actuator

and the like. Particularly in the_gase of the ink-jet head which uses the
pi ezoel ectric elenment as the pressure 10 generating neans, it i S necessary
to carry out a nechanical depeogessimgisdcheagiveri g B FFFGAFa PZT thin
filmby printing, in order to divide and form channels corresponding to

the nozgl e Bhs ceasen, the wezdaeedefisthy becorestydeowngonpared to
t he thé%%%Ciiﬁﬁﬁfét %eag which is forned by a 15 sem conductor process.

Present|y, the upper.lim - zle qdensint ¥e@f by e dadoljudtiohead usi ng
the pi YL IR & Srrg]ﬁ%(’?ésll}é Ssrpo%grrétsgy 360 dpi . }fn addition, in order
to inprove the recordin speed,. it is i r L & reeor di ng
regi on ¢h Eﬁﬁal@ﬁ?ﬁm&@ﬁZgéﬁnaeﬁﬁ}t%xé%%?g$EVﬁg%&§8%§¥ﬁgggﬁ%inage havi ng a
resol ution of 300 dpi in the sub_scanq%%g d%r gtignkgsing a head having a
nozA e debsiaye ofor3Bel dpb ERENPHAYSRET K& Fned Th one scan in a noving
direction (main scanning direction) of the head. But when form'ng an inmage
havi ng a 25 resol uiemaiz180dedpi ty nis heliecs CanPRgPAPretit™sh using the
WO 2004/ 000563 PCT/ JP2003/ 007487 -8 sane head, the imge nust be formed by

a so-calledrk By est agidGodzn ewhiiok thenszans lave pradedPn REIME M scanni ng
direction and
and the like. Particularly in the case of the ink—-jet head
which uses the piezoelectric element as the pressure
10 generating means, it is necessary to carry out a mechanical
processing such as dicing or, to form a PZT thin film by
printing, in order to divide and form channels corresponding
to the nozzles. For this reason, the nozzle density becomes
low compared to the thermal ink-jet head which is formed by a
15 semiconductor process. Presently, the upper limit of the
nozzle density of the ink—-jet head using the piezoelectric
element is approximately 360 dpi.
Tn addition, in order to improve the recording
speed, it is desirable to record a recording regién in one
20 main scan. For example, when forming an image having é
resolution of 300 dpi in the sub scanning direction using a
head having a nozzle density of 300 dpi, the image can be
formed in one scan in a moving direction (main scanning

direction) of the head. But when forming an image having a

25 resolution of 600 dpi in the sub scanning direction using the



one scan is made in the sub scanning direction (paper transport direction).
Natural ly, the nethod which forns the 5 inage in one scan in the main
scanni ng wpreetioess3by a non- interlacing has a hi gher r@con#rmngospged t hat
the nethod which forns the image by the interlacing. Mreover, as nethods
of formng one line in the min sganning direction, there is a

single-path recording (printing) nethod which fornms_one |ine_10.by one main
scan, apdma madd, -pat Hmageomdsngog pFdmmschFy ﬁe?ﬁﬁaal%ﬁ?c¥P?§ﬁ%%§lB§e | i ne by
a plurality of main scans. O course, the recording speed of the

si ngl e- pat fLreconsd ngomt hed madehlghgre redm skhanndfigt Gerewtian Fach
recordi ng nethod. However, particularly in the case of the 15 piezoelectric

ink-jet printer usi he Rihezeghestdisig} emerictionhepaoazl e density itself
IS Iomnogﬁds?%é %f§£¥%ason, the resolution of the imge inevitably

beconmes | ow when the single- L rlaed nednsdenk ey edotfs 4Ry ove the
recordiﬁﬁanéB%EB.éﬁﬁ?%&%ﬁgfheggégg%g%fbﬁﬁg% the image is ?omg the picture

quality can be inproved by representing each Qi N Ltisdevels. The
nul t5 - | éweber eprekent @t o ﬁth881ﬂ3§c TRV éégﬁ%gﬂo ggacﬁjdot, f orm each

pi xel by forming a plurality of small dots or, varying t ensi of the
i nk itsakfter25cThe mas td Hiahear repPESEMd aifTift ﬁé‘ta%ocywhﬁsms ﬁ%gt@e“l
2004/ 000563 PCT/ JP2003/007487 -9 in the case of images such._as

phot ogr aphsis BHE anegwilst uald yintemdftdeyi velqTPIRe caSe™6F GFapHi cs and

characters. In the |
forming. one line in the main scanning direction, there 1s a
single—path recording (printing) method which forms one line

10 by one main scan, and a multi-path recording (printing) method
which forms one line by a plurality of main scans. Of course,
the recording speed of the single-path recording method is
higher than that of the multi-path recording method.

However, particularly in the case of the

15 piezoelectric ink-jet printer using the piezoelectric element,
tﬁe nozzle density itself 1s low, and for this reason, the
resolution of the image inevitably becomes low when the
single—path interlacing is employed to improve the recording
speed.

20 When the resolution of the image is low, the
picture guality can be improved by representing each pixel in
multi-levels. The multi-level representation method may vary
the size of each dot, form each pixel by forming a plurality
of small dots or, varying the density of the ink itself.

25 The multi-level representation method is effective



case of graphics and characters, the dot size needs to be large so as to
be able to fill the texture. For this reason, 5 the tone of the graphics
and char awpDepest/bemenes | ow when the dot size used is smalrlIP20bs/oomsti ngly,
probl ens peculiar to the 1ow resolution occur in the case of a bi-|evel

i mge such as graphics and charact€rs, and particularly in the case of the
characters, the quality of the characters becones poor and. the 10

char act ef-8 BeR ot /i T i1 ERIESt §UFRaRS M?g%%r'ebﬁgt arfedd iption will
be given of the relationship of the problens peculiar to the | ow

resol ut i onedfiectiiee iink Yheopesei ef. I iGmGac ebgiracdehy - t her hek-j et
printer is represented by dots which are arranged in a 15 matrix

arr angenenkei &f teagrids sanehagadteect itdre afott lsézheadedantdo ie a t ransport
direction (sub scanning direction) of the recording nmediumwhich is

per pendi gylas §9 6 drBid $aanpbngil ditrecticrurdhenrbhecdos idmge of the
characters is recorded, 20-the quality of the characters greater differ

dependi n n 0 i : LBge. MU LR c xanpl e,
V\hennrgt hghgh%égg;t%if gﬁqgv:%ﬁg%ﬁﬁggs%ﬁg (lél zZe égyrse%grcglén%gaf%ggghedrg?&fﬁd rrgt 600

dpi, the nunber of dots form.ng the character for the 600.dpi, becanes
appr oxi m8Pe&l f/lT%d’?s?cfrfegs T ’fo%m(f?ﬁé Wi éeﬂgngg?ugl%rtg g_‘gjte

ail ed
representation can be made at 600 dpi, WD 2004/000563,6 PCT/ JP2003/ 007487
-10 and LRE HERPIYELQT QITETCREr 5BBerRTY Hatud VAt tBRIALSEBD 2%pi t han

at 300 dpi. Particularly at an oblique |ine portion
graphics and characters, and particularly in the case of the

characters, the quality of the characters becomes poor and the
10 characters become difficult to read.

Next, a more detailed description will be given of
the relationship of the problems peculiar to the low
resolution and the ink properties. The image recorded by the
ink—jet printer is represented by dots which are arranged in a

15 matrix arrangement in the main scanning direction of the head
and in a transport direction (sub scanning direction) of the
recording medium which is perpendicular to the main scanning
direction.

When the dot image of the characters is recorded,

20 the quality of the characters greater differ depending on the
resolution of the image which is recorded. For example, when
the character having the same size is'recorded at 300 dpi and
at 600 dpi, the number of dots forming the character for the
600 dpi becomes approximately four times that for the 300 dpi.

25 Hence, a more detailed representation can be made at 600 dpi,



of the character, the nunber of dots increases or decreases in steps
dependi ng of the resolution, and a jaggy portion becones 5 nbre conspi cuous
at 300 dpwot2neuwn0ei63600 dpi. Accordingly, the jaggy por ®PCoIPI0B/0IT485 not
conspi cuous when the ink used introduces feathering, beconmes conspicuous
when the ink used introduces no feaphering or only introduces slight

feathering. The jaggy portion becones 10 particularly conspic Qus at the
time Ofaﬂ@GHRDWﬁﬁﬂsmbuonmhereh@#@ﬂﬁ&feﬂﬁjW%@PéﬁﬂéYaP%%t?%éﬁh§§Iity of the
characters. For exanple, a Japanese Patent No.2886192 proposes a nethod of
reduci ng,1 hend. A6y 0" tixan t pakoprulerthetgeal Pbyidoe +Hee RTPUCH mage.
According to this proposed nethod, a bit 15 pattern of a sanpling w ndow

Wi thin abif- i rage. of.pihgmsbaraet@std sreorpacedon déceegesderer ni ned
bi t pat?gr%?egﬁgmg center pixel within the sanpling windowis corrected to

a small dot if the conpared bi ns, Jratch. ShAtt adn MRidrackd S
proposeat?ﬂsad@%ﬁﬁﬁﬂg%qggFgﬁt96589€%§§%29533f‘Rgggyd?ng to this proposed

nmet hod, a contour portion qof eis%éq r.im nated from bl ack dot
h

. the [nm
dat a5 amdret penspiy@Igis fécaPdi A§*d 1P%Igo‘i”her i "edge dots and bl ack dots

BZ reduced. O the above_described,recordéng.neéggg%hpggﬁgged 25 in the
panese Lai d- Opena@apedindippl itE&t I 8ASY No2B=171 d 004/ 000563
PCT/ JP2003/ 007487 -11 No. 2000- 355159 in order to solve the problens
i nt r odugedspherous it ntheounkt hecretrdrHeCTn TIHREDSFaPA/ DEREITER  ng t he
conspicuous when the ink used introduces no feathering or only
introduces slight feathering. The jaggy portion becomes
10 particularly conspicuous at the time of the low-resolution
recording and deteriorates the quality of the characters.
For example, a Japanese Patent No.2886192 proposes
a method of reducing the jaggy portion to improve the quality
of the output image. According to this proposed method, a bit
15 pattern of a sampling window within a bit-map image of the
character is compared with a predetermined bit pattern, and a
center pixel within the sampling window is corrected to a
small dot if the compared bit patterns match.
A similar method is proposed in a Japanese Patent
20 No.3029533. According to this proposed method, a contour
portion of the image is discriminated from black dot data, and
the size of recording dots other than edge dots and black dots
is reduced.

Of the above described recording methods proposed

25 in the Japanese Laid-Open Patent Applications No.6-171072 and



pi gnent - based i nk, the recording nmethod proposed in the Japanese Lai d-Open
Pat ent Application No.6-171072 can inprove 5 the recording tone and reduce
t he feat hwoi2ogoobssdause a contact angl e of the ink use@Crgpr2o3/o074gt eat er
and extrenmely high with respect to the sized recording paper such as plain
paper. However, when recording at -10A6% duty with respect 10 to the
recordi ng paper, the solid adhering anmpbunt per unit area ne d%i to be on
the or dap.ep0apps ok dratrelordsay EPapOL ERstyY PIRPLRRS éﬂarﬁaﬁﬁ? ns “ar e
introduced fromthe point of view of the ink fixing characteristic (drying
char act eeirsti 6. ouPatiié ctdarddinonon thsed Whigr 2@ ghisfekd®recording is
carried 15 out by stacking a plurality of recording paper, the ink

transfe%igﬁgﬂ@egaggg specess vecbeaondi ngripapesrapmiseds innkhesnear on the
recordi ng-paper. Thus, the recording nethod proposed in the Japanese

Laid'Cpﬁgpgg%ggangg%éﬁéﬁ:é%}éﬁ%-@ppiié@%goﬁSN@Q&JﬁubUQchﬁrimﬁmb¢égh-speed

recordi epending on the kind of recording paper, the

| arge contact angle of the ink gener S i | i t he paper texture
at the §@@i6?§9Fa&69dEﬂn%d¥Ff&ﬁ%uf e%ﬁghggiggééﬁg%rF%%ﬁg%ﬁd the |ike when

the recording is carried out at 100%duty. Furthernore, at.the -boundary
porti on colteke 26gtel of sthe ek olser BFedti My X SF4ST| T geTaratad i n the ink
drop WO 2004/900563 PCT/ JP2003/ 007487 -12 state betmee% gge Egkgcent
recor dechidot sriduereepehe targe scovfa&ecanghed PaRHe Sk 25 P
paper.
However, when recording at 100% duty with respect
10 to the recording paper, the solid adhering amount per unit
area needs. to be on the order of approximately several tens of
ng/m’, and problems are introduced from the point of view of
the ink fixing characteristic (drying characteristic) .
Particularly in a case where a high-speed recording is carried
15 out by stacking a plurality of recording paper, the ink
transfer between the successive recording paper causes ink
smear on the recording paper. Thus, the recording method
proposed in the Japanese Laid-Open Patent Application No.6—
171072 is not suited for the high-speed recording.
20 In addition, depending on the kind of recording
paper, the large contact angle of the ink generates a white
line of the paper texture at the solidly-recorded portion, the
character portion and the like when the recording is carried

out at 100% duty. Furthermore, at the boundary portion of the

25  colors, the color bleeding is easily generated in the ink drop



On the other hand, the recording nmethod proposed in the Japanese Lai d- Open
Pat ent Application No.2000-355159 uses 5 the penetrant, and the picture
quality iwOi2epwoosd fromthe point of view of the ink dPgirIg2mbas7agt eri stic
(fixing characteristic). Hence, even when a high-speed recording is
carried out by stacking a plurality,of recording paper, the ink transfer
bet ween the successive recordi ng paper does not 10 occur _and no ink snear

i s forngdan dhedeacendi agi paaer .refuusied thesrdedridr ng etiéd proposed in
t he Japanese Lai d-Open Patent Application No.2000-355159 is suited for the

hi gh- speed idQ.r ‘lHweygk, since the penetrant is used in the ink 15
comosi%?%%%ég%?{ggt heri ng phenonenon which is simlar to that generated

when using the dye:based i [ nenial 6d ahen nkhgeth&g asbmgeds imade on
pl ai n paper. Partiodfhi’jlc o f?lt\%]énﬁ?%g’ recording is made on the plain paper,

t he i nk penetrates the | ai n er al n.a. di;ress 2 1010 @e@ept h
(t hi cknebks)JFangrFe H@lﬂ_ﬁpﬁnpggg‘%lt A%pzﬁrdéas%&l%tn, N? h%@%éeln[get rating ei nk becomnes

visible on the other side of the plain paper, thereb gagi the recording
unsui t edhé opempptdmat s tHet RECHGHT é:JPaE]el&?r di*ng"PThET ef orée?rf3 tththeg recor di ng

met hods proposed in the Japanese Laid-Qpen Patent Apgl i cations No.6-171072
and 25 NgiR008f 36546 ameotinkedky zod LIARIGIEERTLF $5tF¥Et%ctory WO
2004/ 000563 PCT/ JP2003/ 007487 -13 picture quality when carrying out the

hi gh- Sp%ggrégEé’fgé‘Bﬂc) Wi tHenkespectnt eheher pligihTspaper TaSPHG-1he S
pi gnent - based i nk.
carried out by stacking a plurality of recording paper, the
ink transfer between the successive recording paper does not
10 occur and no ink smear is formed on the recording paper. Thus, -
the recording method proposed in the Japanese Laid-Open Patent
Application No.2000-355159 is suited for the high—-speed
recording.
However, since the penetrant is used in the ink
15 composition, a feathering phenomenon which is similar to that
generated when using the dye-based ink is generated when the
recording is made on plain paper. Particularly when the
recording is made on the plain paper, the ink penetrates the
plain paper also in a direction along a depth (thickness) of
20 the plain paper. As a result, the penetrating ink becomes
visible on the other side of the plain paper, thereby making
the recording unsuited for application to the duplex recording.
Therefore, the recording methods proposed in the
Japanese Laid-Open Patent Applications No.6-171072 and

25 No.2000-355159 cannot realize a sufficiently satisfactory



On the other hand, the nethods proposed in the Japanese Patents No. 2886192
and No. 3029533 for correcting the 5 jaggy portion cannot be applied as

t hey are wo 206u00p3ek-j et printer for the purposes of i nmpcodPny3NIT@sPi cture
quality when recording the inmage having the | ow resolution using the ink
whi ch generates little feathering. 48-ot her words, the above descri bed

met hods for 10 correcting the jaggy portion enploy tqoners having a grain
di amet er P&ELEDE gk Peddien $arpYERE edketF e _ﬁéieﬁge@c%ﬁ Y aser
printers. Hence, the dots recorded on the plain paper virtually does not
spread, andht hespdoveadser Bednneanodsusbry B PdemeR§—Pheef abgy- portion
are effective only with respect 15 to image form ng apparatuses in which

t he dots havi ng t heon sppecidtited swabdl, shezenatteodbtaiopakld. ihnthddi tion, the
above described nmethods for correcting the jaggy portion can be enployed

in the | gaghnREE b LFSHIREGRUIB SN 20008 MaViawD d3re rosPesi-biedi sy zencan be
formed at optinum positions by finely 20 varying the positions (tim ngs)

and | engt f . l.as 1L SSi . But . i a the, L j et

pri nt%r , 5?%39 g%?gﬁéf?n%n&()%% FEE%S? éSé %a%%%oﬁ%a?gg ?gktﬂ%tﬁ of the
toner dot iin the_laser printer, and.the tinme requi.red to fo 25 the dots
i s | ar gePESRPSEF ef°¥ oF %gjq_r@ﬁsp?ﬁ f e?@pﬁ%\alrf%etqeggéfz%ezEBQ;MS%H

PCT/ JP2003/ 007487 -14 printers. Consequently, it is difficult to vary the
dot sizeTegABAGRE TR gaadmbev ity §B8 $P% IR WEAR HG PHe thanber

which generates little feathering.
In other words, the above described methods for
10 correcting the jaggy portion employ toners having a grain
diameter of 10 um or less, as in the case of LED érinters and
laser printers. Hence, the dots recorded on the plain paper
virtually does not spread, and the above described methods for
correcting the jaggy portion are effective only with respect
15 to image forming apparatuses in which the dots having the
specified small size are obtainable. In addition, the above
described methods for correcting the jaggy portion can be
employed in the laser printers because the dots having the
specified size can be formed at optimum positions by finely
20 varying the positions (timings) and lengths of the laser
emissions.
But in the case of the ink—jet printer, the
spreading of the ink dot is large compared to that of the
toner dot in the laser printer, and the time required to form

25 +the dots is large compared to the LED printers and the laser



| ength and the like of driving pulses during the driving period, and it is
only possible to vary the dot size anong 5 several sizes at the nost.

Fur t her nowe,20041m®0%60t can only be forned at an approxi meceliy2qos/edaszer m ned
position within one pixel due to simlar reasons, and it is difficult to
freely vary the position of the datzw thin one pixel as is possible in
the case of the LED printers and laser printers. 10 Therefore, the nethods
proposegriptéhe. JapanesmenPayenis No. 2BB8BI0D tar@ N8Lr30209533°F oit%orrect i ng
the jaggy portion cannot be applied as they are to the ink-jet printer

for the pun O§e§af§$iﬂﬁﬁb@ﬁ g tbe picésirey qualviitng. thlr someer there is a
conventional snoothing 15 technique called anti-aliasing. However, the
anti-aliaging  yaries the dot 840188 extsasmelurinr ghendebetnof gradation

| evel s at -the Cont our portion. For this reason, a highly accurate

snoot hi ng ¢an be realized L-aliasi - 10l egh&ed processes
ST et PRELRY. o B 4 L L 2biasiPGirdor Lheer sfshged p

consum ng.” Consequently, the
anti-aliasing is unsuited for  application to the ink-j potgL which is
requb r e¢eveTapr oHLRL %FPﬁQﬁ1Wﬂi?oughﬁﬁ?ge¥$P%ﬁkﬁﬁh%3ﬁgKWh§% ?ﬁ%yrgcording i's
made by varying the dot size in the ink-jet printer, there.is a problemin
25 thatfbhmedoatp@sia@mﬁpxwwﬁﬁﬁyT@68@8Fﬁﬁmb%%£ﬂxﬁﬂéﬂﬁ@sW&Fﬁ%%r8%? VO

2004/ 000563 PCT/ JP2003/ 007487 -15 depending on the dot size. The ink-jet
printer Aapphi @se Poessutbat ordasorisnk awdt bt nie HEL fHicwWHaffef *6§1¥he pressure

vary the position of the dot within one pixel as 1s possible
in the case of the LED printers and laser printers.

10 Therefore, the methods proposed in the Japanese
Patents No.2886192 and No.3029533 for correcting the jaggy
portion cannot be applied as they are to the ink-jet printer
for the purposes of improving the picture quality.

Moreover, there is a conventional smoothing

15 technique called anti—-aliasing. However, the anti-aliasing
varies the dots in an extremely large number of gradation
Jevels at the contour portion. For this reason, a highly
accurate smoothing can be realized by the anti-aliasing, but
the required processes are extremely complex and time-

20 consuming. Consequently, the anti-aliasing is unsuited for
application to the ink-jet printer which is required to
produce a high throughput.

In addition, when the recording is made by varying
the dot size in the ink-jet printer, there is a problem in

25  that the dot position on the recording paper becomes different



generating nmeans, and the ink is ejected fromthe nozzle by the pressure
applied to the ink within the ink chanber. The 5 pressure generating neans
i s formedwbyowm@oisdat i ng resi stor which generates the &cm/Jpeilobbheasi n t he
case of the thermal ink-jet printer, and is forned by the piezoelectric
el ement (el ectro-nechani cal converssen el enent) which deforns the ink
chanber in the case of the piezoelectric ink-jet printer. 10 CGenerally, the
energy sdagrriddaat 60t heepessuie - gdidr 4RKng SheRRY TS VAR EESi n order to
vary the dot diameter in such ink-jet printers. Mdre particularly, the
magni t uderefsurneheodithei hgkvel tlage Epplingd chembae by estrumrafénErat i ng neans
is varied or, the pulse width or the nunber of pulses of the 15 driving
pul ses dod it MBEnpr essdr ehgenen dld rg eoeadsfrem Mo irexkzlEheynet hod of
varying the driving voltage requires a nunber of signal |ines

corr esDO&Q%ngfets%uggpggpﬁﬂe&ché’f thdri RE tweht agesinanchagumbernef

swi tchi ng ns, responding to the plurality of driving voltages, for

switching the plurality.of driyij v, e i - h channel .
As a%r esﬁ??s,s edrgie\%eﬁ&%éflgr%%%g%g'?sl véegrﬁr\%%) %ygﬂgfcl%rrlg ar gef.é%éws%t% %e ot her
hand, the net hod of varéi ng the | se .w tnh or theEnn%%én%)eg of pul ses of the

drivi ng putdeI@eraiss g ehe P Snitdt r6r CTRE R Si Gl ses by
controlling a WD 2004/ 000563 PCT/ JP2003/ 007487 -16 switching timng of a
swWi t chi ngnivesets pramdeon| ynd &F nfPEred Wit dhen§lrearseF st reiTed ™wi t h
respect to each channel.
(electro-mechanical conversion element) which deforms the ink
chamber in the case of the piezoelectric ink-jet printer.
10 Generally, the energy supplied to the pressure
generating means is varied in order to vary the dot diameter
in such ink-jet printers. More particularly, the magnitude of
the driving voltage applied to the pressure generating means
is varied or, the pulse width or the number of pulses of the
15 driving pulses applied to the pressure generating means is
varied.
The method of varying the driving voltage requires
a number of signal lines corresponding to a plurality of
driving voltages, and a number of switching means,
20 corresponding to the plurality of driving voltages, for
switching the plurality of driving voltages with respéct to
each channel. As a result, a driving element (driver IC)
becomes large. On the other hand, the method of varyiﬁg the

pulse width or the number of pulses of the driving pulses can

25 vary the pulse width or the number of pulses by controlling a



Hence, particularly in the case of the piezoelectric ink-jet printer, the
pul se wi dth nodul ati on nethod or the pul se nunber 5 nodul ation nethod is
enpl oyed. whawenmwniedwhen form ng i nk drops havi ng di ff er @ctr/JPzooeoomss? of i nk,
that is, when formng different dot dianeters, according to the pulse

wi dt h nodul ati on nethod or the pul see-nunber nodul ati on nethod, the | ength
of the driving pulses 10 becone different. As a result, even though the
timngs aviteking tHEnemsus isCHRMEREI r 88F0RBeYtd THWEE i vi ng pul se
is the sane for the ink drops having the different amounts of 1ink, the
timngs awiwthiohy theenanksdrepgsiaee e} @etnaspasty dopease ekannrl ceasing of
the driving pul ses becone different. 15 Consequently, the timngs at which
the ink deggs, g@é/ﬂrﬁg:dlf&lydiihf enhentasmimttheobiienkel eathi¢ hiemk-g@dr di ng
paper becomne ifferent, and the dot position (ink drop hitting positions)

on the rgf?ﬁg&ﬂgwﬂgﬁﬁﬁﬂQQQQﬁﬁtﬁiﬁ&@ﬁﬁf&nﬁ?ﬁ%ﬂ%b@gantthp&EHe SidRr

Ther ef or even an attenpt is nade to inprove the 20 picture quality
by correcting the contour .port]i the small dots, the snmall dots are not
f or me aPO?HgaE&%ﬁr%§ %ﬂéﬂﬁﬁ gnégg%%ythe recordi ng paper, and there is a

D1 ct ure. qual ity 26 WS 00 D605 B8ERENT TR0 BT 19+ DISCLOSURE OF
THE | NVENTI ON Accordingly, it is a general object of the present

amounts of ink, that is, when forming different dot dilameters,
according to the pulse width modulation method or the pulse
number modulation method, the length of the driving pulses

10 become different. As a result, even though the timings at
which the meniscus is formed in response to the driving pulse
is the same for the ink drops having the different amounts of
ink, the timings at which the ink drops are ejected in’
response to the ceasing of the driving pulses become different.

15 Consequently, the timings at which the ink drops having the
different amounts of ink reach the recording paper become
different, and the dot position (ink drop hitting positions)
on the recording paper become different depending on the dot
size. Therefore, even when an attempt is made to improve the

20 picture qguality by correcting the contour portion by the small
dots,.the small dots are not formed at the desired positions
on the recording paper, and there is a possibility of
deteriorating the picture quality rather than improving the
picture quality.

25



invention to provide a novel and useful image processing apparatus, inmage
form ng apparatus, printer driver, imge 5 processing nethod, and
conput er -weadairoeseést or age medi um in which the probl enkcadgsznsbedsabove
are elimnated. Another and nore specific object of the present invention
is to provide an inage processing agparatus, an inmage form ng apparatus, a
printer driver, i mage processing 10 net hod, and a conputer-readabl e
st or age HEgkhRPVR ot BBENTAOY satisfactory picture quality for a
| ow-resolution recording and/or a high-speed recording. Still another
obj ect of the presehtcormdintlion iits itoa peowiale chdamge frbenbngsappar at us
for formng an image by a 15 plurality of dots, conprising formng neans
for fornmiRgeatpeni phesyowida Steppedahdanssfionnpeld penceksangont our
portion of at |east a character and/or graphics of the i mage by dots
havi ng ?‘a%ﬁgkgﬁﬁs,s'ﬁﬁaégafbﬁ%@ LepaLBguHOr bt 0N Othakhanathe stepped
transition portion; and determning nmeans for 20 determ ning a nethod of
form pg the dots havi he. s i j inclination of
t he cgnt859088?%?%ﬁmet G%tw%ﬂén?obghFﬁ% %%%%§E§%§ﬁ¥%§£§b§§9% us of the
present invention, it is possihle to inprove the picture quality
parti cul ¥f¢hathy PE@F%%%&Nqﬁﬁ%ﬁ%%egnab?ggr%ﬁ%éﬁJﬂﬁél a 25 transfer tinme
bet ween the image form ng apparatus and _a host WO 2004/ 000563
PCT/ JP2003/ 007487 RuSthysy tanthimeie sPeehheet @l ¥Herdt G-NeAPFAPEREr obj ect of
the present invention is to

invention is to provide an image processing apparatus, an

image forming apparatus, a printer driver, an image processing

lQ method, and a computer—-readable storage medium which can
obtain a satisfactory picture quality for a low-resolution
recording and/or a high-speed recording.

Still another object of the present invention is to

provide an image forming apparatus for forming an image by a

15 plurality of dots, comprising forming means for forming a
periphery of a stepped transition portion of a contour portion
of at least a character and/oxr graphics of the image by dots
having a smaller size than dots forming portions other than
the stepped transition portion; and determining means for

20 determining a method of forming the dots having the smaller
size depending on an inclination of the contour portion.
According to the image forming apparatus of the present
invention, it is possible to improve the picture quality
particularly at a low resolution, and to reduce the data

25 transfer time befween the image forming apparatus and a host



provi de an i mage processing apparatus for formng an image data which is
used to forma corresponding image by a 5 plurality of dots, conprising
converti rgormeam®osedr converting a periphery of a stepp@dTuP0030a748&n
portion of a contour portion of at |east a character and/or graphics of
the image into dots having a small-erg-si ze than dots form ng portions

other than the stepped transition portion; and determ ning 10 neans for

det er m nitRgta"ReERodS ofORRRFES iTRGTERE- dots having the smaller size
depending on an inclination of the contour portion. According to the inage
processi ng appar at ud birther grieséncfi hrenpresent tinvenidssi beeteo i nprove
the picture quality particularly at a |low resolution. 15 Another object of
the preserbvia¥eahi Ofahs pbcadsavigdeppapatus efodrioterinoanciraieng an i mage
data to be supplied to an imge form ng apparatus which forns a

cor r espopdi-ng i MBge; By fe ! FHorhy 20t odot Spo k@MY 1151 pyORVErti ng neans
for converting a periphery of a stepped 20 transition portion of a contour

portion of at.least_a ar : i [ €al dots
R T
transition portjon; and deterniningpgﬁgns for deter"nin% nmet hod of

convert i RgPEREPHSEE ALVE n-TRESS g 573 POB D SHditnG 8%055 i nclination

of the contour portion, Accordi ng WO 2004/ 000563 PCT/ JP2003/ 007487 -19 to
the printertdepvef of eRShrsdRracheEntronor | §rIRR5SsSthitBe tB2¢%pr ove t he

picture quality particularly at a | ow .
into dots having a smaller size than dots forming portions

other than the stepped transifion portion; and determining

10 means for determining a method of converting the dots having
the smaller size depending on an inclination of the contour
portion. According to the image processing apparatus of the
present invention, it is possible to improve the picture
quality particularly at a low resolution.

15 Another object of the present invention is to
provide a printer driver for creating an image data to be
supplied to an image forming apparatus which forms a
corresponding image by a plurality of dots, comprising
converting means for converting a periphery of a stepped

20 transition portion of a contour portion of at least a
character and/or graphics of the image into dots having a
smaller size than dots forming portions other than the stepped
transition portion; and determining means for determining a
method of converting the dots having the smaller size

25 depending on an inclination of the contour portion. According



resolution. Still another object of the present inventionis to 5 provide
an i mage processing nethod for formng an i nage data which is used to form
a correspwodoegodivage by a plurality of dots, conprisi RgTABIWEDAITUSY a

peri phery of a stepped transition portion of a contour portion of at |east
a character and/or graphics of theigsmage into dots having a 10 snaller
size than dots form ng portions other than the stepped  transition portion;
and det etaritiengranrerhddiveér cohvidie iDFgSeRé 1EBERUHAVI A tife PSRELPER si ze
depending on an inclination of the contour portion. According to the inage
processify imitweed e phetpresemtlitwentitdoulerly sapassidy e to i nprove the
15 picture quality particularly at a low resolution. A further object of
the presgid qjijuention is to provide a conputer-readabl e storage nmedi um

whi ch stores a programfor causing a conputer to forman i nage data which

s used to form aGonnespepdlng, i mae dy RPLUEALLLYiGfetlolsh 130tpher e the
|

program conpri ses a converting procedure c causes the conputer to
convert a periphery of a stepped transifi ' - n portion
of at | e%%?pvjéjé)é’ﬁhrjﬁl‘?tg@r Péﬂfd%?”@ é‘b%h(?s g% I}t Eg&%ﬁ%eﬁ{ nltefnoa o%iglﬂrﬁavi ng a
smal l er size than dots form ng portions qther than the stepped 25
transitioni@oris oredand 506@@&@%%@%@%&?‘@96\@?&? é%sa]dJsrp 5604/ 000563
PCT/ JP2003/ 007487 -20 the conputer to determ ne a nmethod of converting the
dots haddig, tdmensmeingr cohyertibpe mliney iPheady PAchi HeRTRAM of t he

transition portion of a contour portion of at least a
character and/or graphics of the image into dots having a

10 smaller size than dots forming portions other than the stepped
transition portion; and determining a method of converting the
dots having the smaller size depending on an inclination of
the contour portion. According to the image processing method
of the present invention, it is possible to improve the

15 picture quality particularly at a low resolution.

A further object of the present invention is to
provide a computer—-readable storage medium which stores a
program for causing a computer to form an image data which is
used to form a corresponding image by a plurality of dots,

20 where the program comprises a converting procedure which
causes the computer to convert a periphery of a stepped
transition portion of a contour portion of at least a
character and/or graphics of the image into dots having a
smaller size than dots forming portions other than the stepped

25 transition portion; and a determining procedure which causes



contour portion. According-to the conputer-readable storage nediumof the
present invention, it is possible to inprove the 5 picture quality

parti cul awbyoatooassBow resol uti on. O her objects and furPogrri@avemes of the
present invention will be apparent fromthe foll ow ng detail ed

description when read in conjunctigon-with the acconpanying draw ngs. 10
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspectjve view show ng a

st r uct utkeofompunteniodidetsrndhet Aene e qfoﬁ?Pﬁﬁrﬁg’BﬁrE\]?%s Actording to the
present invention; 15 FIG 2 is a side view showing the structure of the
enbodi mapyieg the dmmgerf einkendenppdiag usy AR Gnedipgtiodi shsEEhbl ed
perspective view of a recording head; FIG 4 is a cross sectional view of
the recordipg, head alxenrgraihgngst itk nadmpditeeetreadable asttardgechanber ;
FIG 5 is an enlarged view showing an inportant part of FIG 4; FIG 6 is
a cross_sectional, . vi f..th hNgs + hy Alsepgecarshorpesvsitle of the

i nk cha%gﬁnggﬁké %#e%sen;t gfll{afﬁﬁgi{gf\}v s%%vraefgj a nozzle pl aI%e of the WD

20041 000563 PCT/ JP20031,007481:2) Lecgr g eadiBhG 8 15 & system bl ock

Other objects and further features of the present
invention will be apparent from the following detailed

description when read in conjunction with the accompanying

drawings.
10
BRIEF _DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view showing a structure of
an embodiment of the image forming apparatus according to the
present invention;
15 FIG. 2 is a side view showing the structure of the

embodiment of the image forming apparatus;

FIG. 3 is a disassembled perspective view of a
recording head;

FIG. 4 is a cross sectional view of the recording

20 head along a longitudinal direction of an ink chamber;

FIG; 5 is an enlarged view showing an important
part of FIG. 4;

FIG. 6 is a cross sectional view of the recording
head along a shorter side of the ink chamber;

25 FIG. 7 is a plan view showing a nozzle plate of the



a controller of the ink-jet printer; FIG 9 is a system bl ock di agram
showing a driving 5 and control section of the controller; FIG 10 is a
syst em blwokodiimgieam showi ng a head driving circuit; FIPGI/JR1008/607a8% i m ng
di agram for explaining the operation of the driving and control section;
10 FIG 12 is a system bl ock di agram-showi ng an enbodi nent of an i nmage
processi ng apparatus according to the present invention; FIG 13 is a

di agr amrebewditgy areaoyt put character which is recorded as a result of an
i mage processing when the 15 inage processing includes no jaggy

correction; FIG I#4ds sai@i agegstshoviogk alidoraay ggngedbhy SOYWaW obl i que
l'ine portion of the output character shown in FIG 13; FIGS. 15A and 15B

are di agr ar‘rg é)lrleei)g@@'t@x' Ngnkbeet 20r-fitst; enbodi nent of the jaggy
correction o oblique line "“having an inclination of 1/4 for first and

second cases; F'G%ﬁéof i3 dia g%ghfgio&mlaadyaag shbg 1 hir 8t arerbegdi ment of

the jaggy correcti eoblque ine having the inclination of 1/4 for
a third case; 25 FIGS. 17A %h17B f Jxtjialgrams for explaining the WO
20043 000563 CPTHF FPRRIL 507 €25°PH 3t Enbodi ment of the jaggy correction

of the oblique line having the inclination of 1/4 fhor fourth and fifth
cases; FIG. 10 is a system block diagram s owing ed

driving circuit;
FIG. 11 is a timing diagram for explaining the
operation of the driving and control section;
10 FIG. 12 is a system block diagram showing an
embodiment of an image processing apparatus according to the

present invention;

FIG. 13 is a diagram showing an output character
which is recorded as a result of an image processing when the

15 image processing includes no jaggy correction;

FIG. 14 is a diagram showing a dot arrangement at
an oblique line portion of the output character shown in FIG.
13;

FIGS. 15A and 15B are diagrams for explaining the

20 first embodiment of the jaggy correction of an oblique line

having an inclination of 1/4 for first and second cases;

FIG. 16 is a diagram for explaining the first
embodiment of the jaggy correction of the oblique line having

the inclination of 1/4 for a third case;

25 FIGS. 17A and 17B are diagrams for explaining the



FI GS. 18A through 18C are diagrans for explaining the first enbodi nent of
the jaggy correction of an oblique 5 line having an inclination of 1/2;

FI GS. 19Aveandoda®Bsear e di agrans for explaining the firstecenbodsnens? of the
jaggy correction of an oblique line having an inclination of 1/1; FIG 20
is a diagram showi ng a w ndow whi ch.4.s used 10 for a pattern matching of a
dot data conversion process; FIG 21 is a diagramfor explaining a .w ndow
si ze usddrkoretibheldointdat@a thenvegsiyonoprecesyy ofl Ghe22biliqaeflove chart for
explaining a pattern matching process; 15 FIGS. 23A through 23C are

di agr anms nshewl nene didderenti Jrefer ericerpat f@rmnsh used fhythheapast ern mat ching
process; FIG 24 is a diagramfor explaining a dot data conversion of the

pattern mat ching pr@fﬁs;wgﬁ?ﬂrﬁu 5188 Al oW S ool caxphahihAg a
pattern matching process ich adds a small dot only at a blank ~portion;

ot ocese. Showh PR reodaiens &, el BBl LT AR e

pattern WO 2004/000563_PCTLJP2003/0074§Z. -23 mat chi ng process which
repl a2es 1éRPyhav Mt &t iMEd e s fal 14 dot ;

FIGS. 19A and 19B are diagrams for explaining the
first embodiment of the jaggy correction of an obligque line
having an inclination of 1/1;

FIG. 20 is a diagram showing a window which is used

10 for a pattern matching of a dot data conversion process;

FIG. 21 is a diagram for explaining a . window size
used for the dot data conversion process;

FIG. 22 is a flow chart for explaining a pattern
matching process;

15 FIGS. 23A through 23C are diagrams showing
different reference patterns used by the pattern matching
process;

FIG. 24 is a diagram for explaining a dot data
conversion of the pattern matching process;

20 FIG. 25 is a flow chart for explaining a pattern
matching process which adds a small dot only at a blank
portion;

FIGS. 26A through 26C are diagrams for explaining
the pattern matching process shown in FIG. 25;

25 FIG. 27 is a flow chart for explaining a pattern



FI GS. 28A through 28C are diagrans for explaining the pattern matching
process shown in FIG 27; 5 FIG 29 is a flow chart for explaining a
pattern watdhi/0gerocess of a second enbodi nent of thePgLaggwosoonsecti on;
FI GS. 30A and 30B are diagranms for explaining the second enbodi nent of the
jaggy correction of an oblique |ine23t0 having an inclination of 1/4 for
first and second cases; FIG 31 is a diagramfor explaining the second
embodi meAEtERIRGEPTRLRSS CBHEL tieBha6ES t PrRLBIF i TR I9aé an*v'ig ny S
inclination of 1/4 for a third case; FIGS. 32A and 32B are di agrans for
expl ai ni Agtthe 15 second enbodi nent of the jaggy correction of the oblique
line having the inclination of 1/4 for fourth and fifth cases; FIGS. 33A
and 33B are di agranpié®r ®s@l@aimung 28ef erentemgqatterfos ktapldifiey ent
inclinations; FIG 34 is a system bl ock di agram showi ng the 20 structure of

anot her %H@g_ﬁ!a%@i«nOfﬁa%a@iﬂﬂ%cfegénmgw@pﬂar@ms 27according to the present
i nventi on; G 35 is a diagramfor explaining a separation of a small ink

dot fromother dots_.in t case a i i . rtiLo ing a large

ncl i hat] on: 25 Fi GBS 36K and 308 %A B 0r gt o T P ar L AW

2004/ 000563 PCT/ JP2003/007487 -24 sel ectjon of fﬁq ag%1 correction method
IndtihatP

(dot dat HaE6HVBY sPHRCe et Hod) SEERBHRIFAEC SH S He N gh of the oblique
ine correction; '

FIGS. 30A and 30B are diagrams for explaining the

second embodiment of the jaggy correction of an oblique line
10 having an inclination of 1/4 for first and second cases;

FIG. 31 is a diagram for explaining the second
embodiment of the jaggy correction of the oblique line having
the inclination of 1/4 for a third case;

FIGS. 322 and 32B are diagrams for explaining the

15 second embodiment of the jaggy correction of the obligue line
having the inclination of 1/4 for fourth and fifth cases;

FIGS. 33A and 33B are diagrams for explaining
reference patterns for different inclinations;

FIG. 34 is a system block diagram showing the

20 structure of another embodiment of the image forming apparatus
according to the present invention;

FIG. 35 is a diagram for explaining a separation of
a small ink dot from other dots in the case of an oblique line
portion having a large inclination;

25 FIGS. 36A and 36B are diagrams for explaining a



portion; FIG 37 is a diagramgenerally showing an 5 el ectrophotography
type.imge formng apparatus; FIG 38 is a diagramgenerally show ng a
process wearvod/mgw3of the el ectrophot ography type i nagePCorIRRO0g007aPPar at us;
and FIG 39 is a timng diagramfor explaining a dot 10 size change in the
el ectrophot ography type inmage form-ng apparatus. BEST MODE FOP CARRYI NG
OUT THE | NVENTI ON A description will be given of enbodi ments of an 15

i mage prRoessipg apparpidey caurdetadgenfoebhed &pparcattgs coavepeiiter driver
(to be inplenented in a conputer) and an inmage processing nmethod accordi ng
to the Weec%%ﬂ? HBYERLL A, oihireh incannebiahnod el icfldefuer yipecture quality
at a lowresolution, by referring to FIGS. 1 through 39. 20 FIG 1 is a
per spective.view showi ng a structure of an enbodi nent of the imge form ng
appar at B a¢€6rding to the present invention, and FIG 2 is a side view
showi ng the structure this enbodi ment of el age form ng apparat us.
For the sake of coﬁ@@nig%cﬁ§ ?4{§§gr maﬁgnﬁr%%%ﬁl?%%%gﬁ%ﬁ% 25 internal parts
of the image form ng apparatus although WD 2004/ 000563 PCT/ JP2003/ 007487

- 25 &ct weldorreohoupgrpbeyY i FvRhelFeics pRETIHE AP SF ¥ views. In this

enbodi nent of the inmage form ng apparatus, the present invention is
applied to an ink-jFet.pBBntera diagram generally showing a process

cartridge of the electrophotography type image forming

apparatus; and

FIG. 39 is a timing diagram for explaining a dot
10 size change in the electrophotography type image forming

apparatus.

BEST MODE. FOR_CARRYING QUT THE INVENTION

A description will be given of embodiments of an

15 image processing apparatus, an image forming apparatus, a
printer driver (to be implemented in a computer) and an image
processing method according to the present invention, which
can obtain a satisfactory picture gquality at a low resolution,
by referring to FIGS. 1 through 39.

20 FIG. 1 is a perspective view showing a structure of
an embodiment of the iﬁage forming apparatus according to the
present invention, and FIG. 2 is a side view showing the
structure of this embodiment of the image forming apparatus.
For the sake of convenience, FIGS. 1 and 2 show important

25 internal parts of the image forming apparatus although



In the ink-jet printer shown in FIGS. 1 and 2, a 5 printing nmechanism?2 is
provided within a main printer body 1. The printing nmechanism 2 includes a
carri age W0 whi/mhseBs novable in a main scanni ng direct iPCm/JP23/007d8Ng heads
14 nounted on the carriage 13, and ink cartridges 15 for supplying inks
to the recording heads 14. Paper 3.3s_supplied 10 from a paper supply
cassette 4 or a manual paper feed tray 5, and the printing nechanism 2
recor ds sgtuamgenon vheibapein Ihe Treespapbive aedof LRl VAW -t héDi nage s
ejected to a paper eject tray 6 which is |located on a rear side of the
mai N prigitLrlemdedy mbntls £l Ahé hengafd Moirngnoeepparshu?, hwe pcasendge 13 is
slidably supported by a main guide rod 11 and a sub guide rod 12 so as to

be novabl e in :the.nai ¢apning difcticenpihArar . direction perpendicular to
t he papé%gfﬁﬂfﬁg.lg??g%%e mail n an&' sag gﬁide rods 11 and 12 are provided

bet ween right and I?f%gégégkgﬁ%ggﬁgiﬁfgfS%g%ngggn?gégntfgﬂgpgy L. The

recordi ng heads 14 ar e et he respectively ejecting

yellow M cyan (C), magenta (M and black (Bk) inks in a_do r
di r eét i RELTHEG HlePaPLrldgess (I?F&V%C%?ké“)ltgf%nf Br PSSR TV T }[g]?\é@yel'l ow (),
cyan (C), magenta (M and black (Bk) 25 inks to the_ correspondi ng ink-jet
heads igﬂﬁeqadmﬂdnw'W@@h@@ésmwi2@@1¢E@@5@3CPGTFQP?OB%F@E?Z@?S -26 on top of
the carriage 13. Each ink cartridge 15 has an upper opening which opens to
t he at nosphasrie ia lowerinopeannind otimagiploy, ngecheding heads 14

mounted on the carriage 13, and ink cartridges 15 for
supplying inks to the recording heads 14. Paper 3 is supplied

10 from a paper supply cassette 4 or a manual paper feed tray 5,
and the printing mechanism 2 records an image on the paper 3.
The paper 3 recorded with the image is ejected to a paper
eject tray 6 which is located on a rear side of the main
printer body 1.

15 In the printing mechanism 2, the éarriage 13 is
slidably supported by a main guide rod 11 and a sub guide rod
12 so as to be movable in the main scanning direction (in a
direction perpendicular to the paper in FIG. 2). The main and
sub guide rods 11 and'12 are provided between right and left

20 side plates of the main printer body 1. The recording heads
14 are maﬁe up of ink—jet heads for respectively ejecting
yellow (Y), cyan (C), magenta (M) and black (Bk) inks in a
downward direction. The ink cartridges (ink tanks) 15 for
supplying the yellow (Y), cyan (C), magenta (M) and black (Bk)

25 inks to the corresponding ink—jet heads is detachably mounted



to the corresponding ink-jet head, and a porous material which 5 is
provided inside to hold the ink. The ink within the ink cartridge 15.is
mai nt ai newot20042008363ght | y negati ve pressure by the capi IPcany2doanedsof the
porous material. The ink is supplied to the ink cartridge 15 to the
corresponding ink-jet head. 10 Thexgear side (downstream side along the
paper transport direction) of the carriage 13 is slidably supported by

t he mai rorguicge ofodh&l caandadsel ¥ront si de (upstream side along the paper
transport direction) of the carriage 13 is slidably supported by the sub
guide rod 12. In orden taknesetdAfdead Scamsi ageupBet repdrelneniviisdanni ng
direction, atimng belt 20 is between a driving pulley 18 which is driven

by a motQr.. 1% andazkablameng, puliserl Speandgt bbs dugplng eekthe2inks fi xed
to the carriage 13. Hence, the carriage 13 nakes a reciprocal novenent as

the nmotor |s rotat LRy thet @ndnreyenstoulhdidachi gaschThe
recordiﬁﬁ’h %k90f£e§p§%%%§% {ﬁ% %ﬁﬁg% ﬁk-ﬁet %eéﬂé whi ch eject the yell ow

1 P E PO 450 eePRghelT odet it neRd WP B Bere L nE el Low (¥},
25 cyan (C), magenta (M and black (Bk) .inks. As wi|] be WO 2004/000563
PCT/ JP20G8H 007487 15. 37 mesbiarberr gt & SLONtdYpBsdr bt & R & ot he
recording head 14 a piezoelectric type ink-jet head which includes a
vi br at i othe| e flemyi fgrae pBasite opous crterialwal Thofindh dshk

supplied to the ink cartridge 15 to the corresponding ink-jet

head.

10 The rear side (downstream side along the paper
transport direction) of the carriage 13 is slidably supported
by the main guide rod 11, and the front side (upstream side
along the paper transport direction) of the carriage 13 is
slidably supported by the sub guide rod 12. 1In order to move

15 the carriage 13 in the main scanning direction, a timing belt
20 is between a driving pulley 18 which is driven by a motor
17 and a following pulley 19, and this timing belt 20 is fixed
to the carriage 13. Hence, the carriage 13 makes a reciprocal
movement as the motor 17 is rotated in the forward and reverse

20 directions.

The recording heads 14 are made up of the ink-jet
heads which eject the yellow (Y), cyan (C), magenta (M) and
black (Bk) inks in this embodiment. However, it is possible

to use a single recording head which ejects the yellow (Y),

25 cyan (C), magenta (M) and black (Bk) inks. As will be



passage, and a piezoelectric elenment which deforns this 5 vibration plate
to apply pressure on the ink. O course, the structure of the recording
head 14 WwWeo 20@t00bieri ted to the above. For exanple, it | PCpUBHOBI&48D usSe
an electrostatic type ink-jet head having a vibration plate form ng at

| east a portion of the wall of the +hk-10 passage, and an el ectrode

confronting the vibration plate, where the vibration plate is deforned by
el ect r ost3RIT 6 ce2 e85 appl I° ﬁ?%s"%ﬁ@ &R Bt F9%.Hh% raigH, Reedi s

possible to wuse a thermal type ink-jet head which generates air bubbl es by
heating tlfe d miagoehpatrhe tyie passigdE BspAgWal ¢leatlHgdEs pesistor, so as
to apply pressure on the ink by the air bubbles. On the other hand, in
order to utitanspont phee papening athilehsitsaspbrtivd hef paperllsvpphy talssette 4
under the recording head 14, the follow ng nechani sns are provided. 20

That is, padper, sHBPhYpi&id&rectliandlambht Clih dh RAGEZhsak@isprovi ded to
separate and supply each paper 3 fromthe paper supply cassette 4 towards

a paper g}g&%tq%gbgiagg.He«earﬁlgzl?%q%rsguq:gl Ler+4 {4 ns over the side of the

paper 3. A transport ro pushes agal nst the peripheral surface of 25
the transport roller 24. Atiptend roller stricts

2 26 feed VO
2004/ 000563 PCT/ JP2863F 007287 k56’28$tarr‘%gcflté“foOFL‘g“%a‘ToeeCrO‘%?ta]fnrggﬁ%eta‘ﬁe1?ransport

roller 24. The _transport roller 24 is driven by a notor 27 via a gear
mechani smhSs not limited to the above. For exampleé, 1t is possible to

use an electrostatic type ink-jet head having a vibration
plate forming at least a portion of the wall of the ink

10 passage, and an electrode confronting the vibration plate,
where the vibration plate is deformed by electrostatic force
to apply pressure on the ink. In addition, it is possible to
use a thermal type ink-jet head which generates air bubbles by
heating the ink within the ink passage using a heating

15 resistor, so as to apply pressure on the ink by the air
bubbles.

On the other hand, in order to transport the paper
3 which is set in the paper supply cassette 4 under the
recording head 14, the following mechanisms are provided.

20 That is, a paper supply roller 21 and a friction pad 22 are
provided to separate and supply each paper 3 from the paper
supply cassette 4 towards a paper guide member 23. A
transport roller 24 turns over the side of the paper 3. A
transport roller 25 pushes against the peripheral surface of

25 the transport roller 24. A tip end roller 26 restricts a feed



A paper

gui de nmenber 29 guides the paper 3 whichis 5 fed fromthe

transport roller 24 in correspondence with the noving range of the

carri age W0 200u/aob&3mai n scanni ng di rection,

A trans

directi
ej ect t
are arr
the rec
novi ng
3 and r
3 by a
recordi
recordi
papeP 3
recover
PCT/ JP2
13, out
nmeans,

10

15

20

25

under the rerardiosgohgads 14.

port roller 31 which is driven to feed the paper 3 in the paper
eject direction, is provided at apgsition confronting a roller 32,
10 downstream si de of the paper guide nenber 29 along the paper transport
amglRurithehe apapape’ Bjacttheoltrepsandtarck iy &% - 3408re provided to
he paper 3 onto the paper eject tray 6, and gui de nenbers 35 and 36
anged Joa-f ebmarpapeis ejgcterpalyha hotét Zhevitd e gslxt he recording,
ording heads 14 are driven in response to an imge signal while
tég%ﬁfﬁ?é iage 13, so as to eject the inks onto the stationary paper

ecor

ng operatio an
ng end signal or a sjignal. wh

freoae tRENFRREY di g Fedion of CF RS F¥ESTHihd
y unit 37 is arranged at a position_on the WO 2004/ 00056

e

on the

I'ne. The next line is recorded after transporting the paper
predeterm ngd anmpunt in t q]ﬁ per. . NSpROr Ifecthony, The
P@pgﬁd%%lﬁg %% qi%%pgplgé?s§£§é%%é§ji n response to a
i.ch.indicates that a n%%rt gd of the
eads 14. 25 A

0034007 48Nge 28 EhgheasithIs it A& ﬁB@iﬁ@iﬂi§%ﬁﬁq%ﬂ9(ﬂirﬁﬁgi8arriage

side the recording region. The recovery unit 7 includes a cap

aursdket i1 meansdand bBeadeadn ng Aeansspbot Fekbieriinghich is
driven to feed the paper 3 in the paper eject direction, is
provided at a position confronting a roller 32, on the
downstream side of the paper guide member 29 along the paper
transport direction. Further, a paper eject roller and a
roller 34 are provided to eject the paper 3 onto the paper
eject tray 6, and guide members 35 and 36 are arranged to form
a paper eject path.

At the time of the recording, the recording heads
14 are driven in response to an image signal while moving the
carriage 13, so as to eject the inks onto the stationary paper
3 and record 1 line. ‘The next line is recorded after
transporting the paper 3 by a predetermined amount in the
paper transport direction. The recording operation is ended
and the paper 3 is ejected in ?esponse to a recording end
signal or a signal which indicates that a rear end of the
paper 3 has reached the recording region of the recording
heads 14.

A recovery unit 37 is arranged at a position on the



the recording heads 14 froma state where the ink-ejectionis 5
deteriorated or unsatisfactory. The carriage 13 is noved to the position
of the rewowvesyoonssdt 37 during a recording wait state, PEO/IP@B/OGTAE
recordi ng heads 14 are capped by the capping neans to prevent the ink

ej ection nozzles of the recordi ng-heads 14 fromdrying and clogging. In
addi tion, 10 when a purge operation is carried out wth respect to the ink
whi ch i sth@tt reics d@ €5t ReVERES AT §ig- 1Rl Ohg LRReCHEELRMR g 0P U TEHES! i ke,

t he suction nmeans sucks the ink fromthe ink ejection nozzle of the

cor r espotigé ngeamecindi mgghend 1Bhantecatesansnihe’i hkCEjdt iIFafozzl es by the
cl eaning neans, so that 15 the ink viscosity is maintained the sane at each
of the ifkan®] ectdRrinazakesst Snded ntlaianiagsimabhe, i fike | Bécperfiorgmance.

When the ink-jet deteriorates, for exanple, the suction neans sucks the

i nk, ai r%%@&ﬁ% theaki ke Framd hadwkvhetcnegz! eskid) &siat aswhere the
i nk-jet nozzles are 20 seal ed by the capping neans. As a result, the

cl eani ng ans an, renpve_the_] ustparti.cl a i dhered in
the i c?i%\? %/l%l?acct eOFn%pf%%l%%%%%??' toTh%os?lyf]:?\%g?)e/ ?gc%%]/grr&{ﬁ t%i nk-j et
per formance of the recordin% heads 14., Tgﬁ hnks recoverqg,b t he recovery
uni t 37 Ere RREIHEE 05 RS ARCAYETH U5 ak FPAoTIshobRy Ot %%géﬁua t he
| ower portion of the main WO 2004/ 000563 PCT/JP2003/ 007487 _ -30 printer
body 1, ahates sbsdefedhbyraforAiCabsids i rateFRrEPS prHVitfed within the
ink drain tank. Next, a description will be given of the recording

capping means to prevent the ink ejection nozzles of the

recording heads 14 from drying and clogging. In addition,

10 when a purge operation is carried out with respect to the ink
which is not related to the recording during the recording or
the like, the suction means sucks the ink from the ink
ejection nozzle of the corresponding recording head 14 and
cleans the ink ejection nozzles by the cleaning means, so that

15 +the ink viscosity is maintained the same at each of the ink
ejection nozzles to maintain a stable ink-jet performance.

When the ink-jet deteriorates, for example, the
suction means sucks the ink, air bubbles and the like from the
ink-jet nozzles in a state whefe the ink—-jet nozzles are

20 sealed by the capping means. As a result, the cleaning means
can remove the ink, dust particles and the like adhered in the
vicinity of the ink-jet nozzles, to positively recover the
ink—jet performance of the recording heads 14. The inks
recovered by the recovery unit 37 are drained to an ink drain

25 tank (not shown) located at the lower portion of the main



head 14 of the ink-jet printer, by referring to FIGS. 3 5 through 7. FIG 3
is a disassenbl ed perspective view of the recording head. FIG 4 is a
cross secwpanalooriedw of the recording head al ong a | on@Cru#2aabodst ecti on
of an ink chanber, and FIG 5 is an enlarged view showi ng an i nportant
part of FIG 4. FIG 6 is a cross segt+onal view of the 10 recording head
al ong a shorter side of the |jnk _chanber Furth}(;r, FIG, 7 is a glfn Vi ew
showi ng PHEFFFePRREL &/ of "EhES FRIVPENGY heRd P HHEPIFRITG AGEREAET 14, t hat
is, the ink-jet head, includes a flow passage form ng substrate (fl ow
passage IFdvECednyivbibetrle 4inkeaisf tankingl e crystal silicon substrate,

a vibration plate 42 bonded to a | ower surface of the flow passage formng
substrate 41, and aNeezz|l e ptateiphtldidromdéd be gavewppfrtisurdeaoedofigt he fl ow
passage form ng substrate 41. Ink-jet nozzles 45 for ejecting the ink are
formed i mdhe 1210050%%6'1@@#& 4%-inthe i Bk- FetenpZd 6% 4 @0muni cate to
pressure chanbers 46 which formink fl ow passages. A conmmon ink chanber 48
suppl s {fig. kst Fhe | 9k Chanbls dfipYia Borsh ke SHPRIkPRESR0E 4T whi ch
functions as fl ow passage resistance portion. Aink resistant thin film
50 made of an .25 grganic sin.is formed on each wall of the pressure
chanber s %%&6&?086%@3 PE:%‘?:]PQ(?OS\%FOG'FE@? SeRAE T (1 §§5pl y passage
47 and the comon ink chanber 48 which contact the ink on the flow passage
form ng SASSEEEPE B2ad ALQRAK PRI FEIPPEZoet BT Qfe@@ntt™2 i s provi ded

chamber, and FIG. 5 is an enlarged view showing an important

part of FIG. 4. FIG. 6 is a cross sectional view of the

10 recording head along a shorter side of the ink chamber.
Further, FIG. 7 is a plan view showing a nozzle plate of the
recording head.

The recording head 14, that is, the ink—jet head,

includes a flow passage forming substrate (flow passage

15 forming member) 41 made of a single crystal silicon substrate,
a vibration plate 42 bonded to a lower surface of the flow
passage forming substrate 41, and a nozzle plate 43 bonded to
an upper surface of the flow passage forming substrate 41.
Ink-jet nozzles 45 for ejecting the ink are formed in the

20 nozzle plate 43. The ink—Jjet nozzles 45 communicate to
pressure chambers 46 which form ink flow passages. A common
ink chamber 48 supplies the ink to the ink chambers 46 via an
ink supply passage 47 which functions as a flow passage
resistance portion. A ink resistant thin film 50 made of an

25 organic resin is formed on each wall of the pressure chambers



in correspondence with each pressure chanber 46 on the outer 5 surface
side (surface side opposite to the common ink chanber 48). In addition,
t he pi ezowbeotwioesedl enent 52 is fixed on a base substr&Ce/JB303/MR—PAcCer
menber 54 is provided around the rows of piezoelectric elenents 52. As
shown in FIG 5, the piezoelectric eBeaent 52 10 has a stacked structure
al ternat el a piezoelectric material 55 and an internaléglectrode

havi n
56. The c®tr édifording PRl EsBaf 82 ¢hanbEMI460Ps CHERR™ t e xP @ eand®cont r act

due to contraction and expansion of the piezoelectric elenent 52 having a
pi ezoel ectrich condeaint thbe d3B. omhere £10M PrAGASE gharmsy isibgspkrited4to t he
pi ezoel ectric elenment 52 and a charging is carried out, an expansion takes
place in a direction isndckatietdypdypiareclcawrAci alé&hé&t 552 Qs plrevatibér hand,
when the charge which is charged in the piezoelectric elenent 52 is

di schargeth ca-reepbhachtbenwtekesadd 3R sisira dha@6éi 046 QpPagict eutert he 20
direction indicated by the arrow A. The base substrate 53 and the spacer

menbers 54 a%eD%@L?lrer %hggaéel§§dmpgasfi%mtsnth@kco B kggﬁg'@ﬂg 49 for

supplying the 1 nk fromthe outside t the common 1 nk cha A head
frame 57 js fornmed from an oxy. resi;n _of . 25.pol yphenyl e sulfite by

ef oction W di Mg “Fhe oiter VD BHHO06363 SPEtFIPB00% o7 4aFc. 38 S

peri pheral portion of the flow passage fornm.ng, substrate 41 and the | ower

out er edg@ oS ratet Ad - vi BrBIHT FICHPET49%at 8 PHORRRF °FOLRE RB&d franme

57. The head franme 57 and t he base
rows of plezoelectric elements 52.

As shown in FIG. 5, the piezoelectric element 52
10 has a stacked structure alternately having a piezoelectric
material 55 and an internal electrode 56. The corresponding
pressure chamber 46 is made to expand and contract due to
contraction and expansion of the piezoelectric element 52
having a piezoelectric constant of d33. When a driving signal
15 is applied to the piezoelectric element 52 and a charging is
carried out, an expansion takes place in a direction indicated
by an arrow A in FIG. 5. On the other hand, when the charge
which is charged in the piezoelectric element 52 is discharged,
a contraction takes place in a direction opposite to the
20 direction indicated by the arrow A. The base substrate 53 and
the spacer membér 54 have penetrating holes which form an ink
supply opening 49 for supplying the ink from the outside to
the common ink chamber 48.
A head frame 57 is formed from an epoxy resin of

25 polyphenylene sulfite by ejection molding. The outer



substrate 53 are fixed to each other at a portion (not shown) 5 by use of
an adhesi ve agent, for exanple. A flexible printed circuit (FPC) cable 58
for supplworgo4oo0sedvi ng signal is connected to the piercelieztsner4&l enent s
52 by sol dering, anisotropic conductor film (ACF) or wring-bonding. A
driving circuit (driver IC) 59 for_selectively applying the driving 10
signal (driving waveforn) to each piezoelectric elenment 52 is connected to
the FPCpeabbreb8l Aofdid) «F ysteaklbucpasfaghemimigice sbgsratestticon
formng the fl ow passage form ng substrate 51 may be subjected to an

ani sotr %Bidc +BLCRLRGr USh NG attRl kakiknenes £hamns wirntatdsnapl d5epél asss um
hydr oxi de (KOH) solution, so as to formthe penetrating holes which becone

the pressure chanbers, 56, A..oragve BeCt}on: whish: becageschbeokak supply

passage € penetrating hole which beconmes the common i nk chanber

58. As shown in FLG 6, the yibration ate_ 42 i o] tal, such
as nickéWPSB§a§Feé§r%¥?o$+ﬁ .tOTﬁgcgiBEg Fo%é-?ﬂé§é¥¥§§ Aégtt ?ﬁwggrtions 61
correspondi ng to each pressure chanber 46 so as to facilitate qgornation
of tHe Vivhusei o apl adeeadve (3R pdPEi BRETRES whilt HE e BEnHEE T  t he

pi ezoel ectric elenments 52, and thick portions 63 corresponding 25 to
partiti afiveginal(FsChetweba TheEqr syoRiEintanb@Fsv sy SEREANOI2004/ 000563
PCT/ JP2003/ 007487 -33 flat surface side of the vibration plate 42 is

bonded to ekl ew passpgezdarattig csebstrate 34 iy smidediesi-ve agent, and
the thick portions 62 and 63 of the vibration plate 42 are
anisotropic conductor film (ACF) or wiring-bonding. A driving
circuit (driver IC) 59 for selectively applying the driving
10 signal (driving waveform) to each piezoelectric element 52 is
connected to the FPC cable 58.
A (110) crystal face of the single crystal silicon
forming the flow passage forming substrate 51 may be subjected
to an anisotropic etching using an alkaline etchant such as a
15 potassium hydroxide (KOH) solution, so as to form the
penetrating holes which become the pressure chambers 56, a
groove portion which becomes the ink supply passage 57, and
the penetrating hole which becomes the common ink chamber 58.
As shown in FIG. 6, the vibration plate 42 is made
20 of a metal, such as nickel, by electro-forming. The vibration
pla£e 42 has thin portions 61 corresponding to each pressure
chamber 46 so as to facilitate deformation of the vibration
plate 42, thick portions 62 which are bonded to the

‘piezoelectric elements 52, and thick portions 63 corresponding

25 to partitioning walls between the pressure chambers 46. The



bonded to the head frame 57 by an adhesive agent. Colum 5 portions 64 are
provi ded between the base substrate 53 and the corresponding thick

porti ons W0 2064/00b&3vi brati on plate 42. The col um porti @a3/J82008vav@st he same
structure as the piezoelectric elenents 52. The nozzle plate 43 includes
the ink-jet nozzles 45 10 having a«ianmeter of approximately 10 gmto 30
gm at positions corresponding to the pressure chanbers 46. The nozzle
plate 43108 bondedetoiddef bw pabsagiof oplittyy 4% ulssbradedqtobihan adhesi ve
agent. The plurality of ink-jet nozzles 45 forma plurality of dot form ng

means. §§o§hgﬁgs£§e1§b£%£%g'éub%ﬁ@a&emﬁloﬁyn@dzd&ﬁegﬁﬁe(agente sods) are
arrange perpendicularly to the main scanning direction. In each row of
nozzl es 45,

nozzi es .43 A RL! 0, PELNESD Lhy Razakeendoyisrdedorblake diskapce betveen

( zzl'es 4 I'n addition, one row of nozzles 45 and
e ad) scent o ou of Tozzl s 48 abe.ROuMulkelly, stded brogbl ch P al ong
one. el mesGARRANG1SaBE SORTE oG HRGZRRE Blia =93 TP 156 radd Broathetal such
as 25 stainless steel and nickel, a conbination of a netal and a WO
2004/ 0063 REThIPROOBHDOT A8 t1BS 68sPh Ehe ny HekR ok ®155PyFAi de resin,
for exanple, silicon, or a conbination thereof. In addition, in order to
secure amd Ro1ufepeblansne ey acter itsiei samt sheunozx @ésstace (ink ej ecting
piezoelectric elements 52.
The nozzle plate 43 includes the ink—-jet nozzles 45
10 having a diameter of approximately 10 um to 30 um, at
positions corresponding to the pressure chambers 46. The
nozzle plate 43 is bonded to the flow passage forming
substrate 41 by‘an adhesive agent. The plurality of ink-jet
nozzles 45 form a plurality of dot forming means. AS showﬁ in
15 FIG. 7, the rows of nozzles 45 (nozzle rows) are arranged
perpendicularly to the main scanning direction. In each row
of nozzles 45, a pitch between the nozzles 45 is 2 x Pn. A
distance between the two rows of nozzles 45 is L. In addition,
one row of nozzles 45 and the adjacent row of nozzles 45 are
20 mutually shifted by a pitch Pn along the sub scanning
direction, so that the nozéles 45 are arranged in a zigzag
manner. Accordingly, an image having a pitch Pn can be formed
by one main scan and sub scan.

The nozzle plate 43 may be made of a metal such as

25 stainless steel and nickel, a combination of a metal and a



surface of the nozzle plate 43 having the nozzles 45 through 5 which the
ink is ejected), an ink repellant layer is forned on the nozzle surface by
a known rmeDhlod/®omd as plating and ink repellant coati RgT/JIPIOBHE48Nk- | et
head having the structure described above, the piezoelectric elenents 52
are selectively applied 10 with a-gg+ving pul se vol tage of approxi mately
20 Vto 50 V, so.that each selected piezoelectric el ement which is applied
with theesin iidg pabsecod tRey iide dstated PR TFIRNES e&ildwfn °Whi ch the
| ayers of the piezoelectric element 52 are stacked. As a result, each

sel ect ecth picaneledion chekeoent 52 abfidries ,15nt pededriesimsndiengnvitbkat i on
plate 42 towards the nozzle 45, thereby causing a change in the vol une of

the correspondifiy cHRESsHEesehandertib nodzpeessuf ecé s(itkisjapplingd to the
ink wthin the pressure chanber 46, and an ink drop is ejected .-fromthe

nozzl e 45, 20 The eé-h%CBEQEle%IQ@e | K k@"\z@&gf LA L he; N0z 74 4houglUses the

i nk pressure wthin the pressure chanber 46 to fall, and a slight negative

pressure is generated . within the ur, h r e to inertia of the
ke Bl ontP T CHI% L6t dfe D GHERTE he Uil FoPBar Sae Vot e ol Tod T6 ¢ he 25

pi ezoel ectric element 52 is turned OFF, the coLrespo dhg%%mo 0%4/000563
PCT/ JP2003? 00T S35agrhPEt # ofE PITats 9 SPEGPNSS 1819 Y 0rATl &l positi on

and the corresponding pressure chanber 46 returns to its original shape
(vol une) repdierally dagttiner generating a negative pressure

In the ink—jet head having the structure described
above, the piezoelectric elements 52 are selectively applied

10 with a driving pulse voltage of approximately 20 V to 50 VvV, so
that each selected piezoelectric element which is applied with
the driving pulse voltage is displaced in the direction in
which the layers of the piezoelectric element 52 are stacked.
As a result, each selected piezoelectric element 52 deforms

15 the corresponding vibration plate 42 towards the nozzle 45,
thereby causing a change in the volume of the corresponding
pressure chamber 46. A pressure is thus applied to the ink
within the pressure chamber 46, and an ink drop is ejected
from the nozzle 45.

20 The ejection of the ink drop from the nozzle 45
causes the ink pressure within the pressure chamber 46 to fall,
and a slight negative pressure is generated within the
pressure chamber 46 due to inertia of the ink flow. In this
state, when the driving pulse voltage applied to the

25 piezoelectric element 52 is turned OFF, the corresponding



Wi thin the pressure chanber 46. In this state, the ink is 5 supplied from
the ink supply opening 49 and is supplied into the pressure chanber 46 via
t he i nk swppbg/pesxssage 47 which forns the flow passagePcegPsane@sporti on.
Hence, after the wvibration of the ink nmeniscus surface at the nozzle 45
decays and stabilizes, the driving3pul se voltage is applied to the 10

pi ezoel ectric elenment 52 for the next ink ejection. Next, a description
will be gibeatbn pledmt 46l returas thelinlegistingdi rePettiey 3t @ ng to FIG
8. FIG 8 is a systemblock diagramgenerally showing a controller of the
i nk-j et poiptepondingl herecent-eobhanbshoki natuEnG. t8 ihel odegimel

m croconputer (CPU) 80 which generally controls the entire ink-jet

printer, sa.ROM&l1 ) Ch iy phedesergamedinged negholvatpssuaeRAM 82
which is used as a work area, an inmage nenory (raster data nenory) 83

whi ch stores.: ] fa.(do t @z or t t da sferred from
a host uﬁ??ﬁfggaggIﬂ%ﬁ%hrgé%h%ﬁgg? g%d Sg?gﬁ?%(E%%?ebo§$%8%ﬁégﬁiinput

buffer 85, a..parallel input an_output (PlO,p , Vv r enerating
circult §??p$l%§a§r%‘} if\ﬂendni(i FBEP#YB%p%I%l&ga r %\E}Eélr ggf%eg%gr{pﬁ?or mat i on
and data such as the image data 25 transferred froma grighﬁﬁﬁg%iver 100A
of the h&s¢ BRRESUDD C 04P0BBB 6 PCHY FoB72879°-3 etection
signals fromvarious sensors are input to the PIOport 84. In addition,
predet er fomed tiné of Ivat inws Segeodepus tanie Pyddpact HeNEhe RDSIT Ul® 100 and
an operation panel (not

vibration of the ink meniscus surface at the nozzle 45 decays

and stabilizes, the driving pulse voltage is applied to the

10 piezoelectric element 52 for the next ink ejection.

Next, a description will be given of a controller
of the ink-jet printer, by referring to FIG. 8. FIG. 8 is a
system block diagram generally showing a controller of the
ink-jet printer.

15 The controller shown in FIG. 8 includes a
microcomputer (CPU) 80 which generally controls the entire
ink-jet printer, a ROM 81 which stores predetermined fixed
information, a RAM 82 which is used as a work area, an image
memory (raster data memory) 83 which‘stores image data (dot

20 data or dot pattern data) transferred from a host unit 100, a
parallel input and outpu£ (PIO) port 84, an input buffer 85, a
parallel input an output (PIO) port 86, a waveform generating
circuit 87, a head driving circuit 88 and a driver 89.

Various information and data such as the image data

25  transferred from a printer driver 100A of the host unit 100,



shown) via the PIO port 84. 5 The waveform generating circuit 87 generates
a driving waveformto be applied to the piezoelectric elenents 52 of the
recor di ngwbeaa00353 As wi ||l be described later, the de®CTad2008/HWi48y
wavef orm can be generated by a sinple structure by using a
digital-to-analog (D/A) converter whB6h 10 subjects a driving waveform data

output fromt 0 a ital -to-analo conversion. The head
Gr1 Ving R 1ACS68 Ao 1 GBS HRe T oioTy S SagBr AP RT £ B TR o5

generating circuit 87 to the piezoelectric elenments 52 of the selected
channel s BO taRrt154r econdrAgl heerls IedepgsBdrned VafeowRtidn dardtolgnal s
received via the PIO port 86. Further, the driver 89 drives and controls
t he not orwitly msge2? bhasedeonmosit ivning 1d&t andeeri vpdravian tdena? Qnpart 86,
so as to nove the carriage 13 in the main scanning direction and rotate

the transgydin)r @likernd4pto gOrtransport the paper 3 by a predeterm ned
anmount. A description will be given of a driving and control section of

the caentroller rela r | o of rdi ng heads
14 mﬁ?l now be desc??%eggvgggrﬂr%$%$%ﬁ%ggfSE%BE%Q %@ roug-ﬁ%g FIG 91is a

bl ock .25 di d d f the WO
26041 000553 BEH RI06IF B0 TAET: U7 Ot ol [ &1 L BRI F ™ T 16 a7 %b‘%

bl ock di agram showing the head driving circuit lisatimn

di agram f Ofe;aﬁaffﬁr:ﬁ@d%ﬂ% ettt on Whél&?ﬁw%%&ﬁttﬁav §B%t.on

desired driving waveform can be generated by a simple
structure by using a digital-to-analog (D/A) converter which

10 subjects a driving waveform data output from the CPU 80 to a
digital-to—-analog (D/A) conversion.

The head driving circuit 88 applies the driving
waveform from the waveform generating circuit 87 to the
pilezoelectric elements 52 of the selected channels of the

15 recording heads 14, based on various data and signals received
via the PIO port 86. Further, the driver 89 drives and
controls the motors 17 and 27 based on driving data received
via the PIO port 86, so as to move the carriage 13 in the main
scanning direction and rotate the transport roller 24 to

20 transport the paper 3 by a predetermined amount.

A description will be given of a driving and
control section of the controller related to the driving and
control of the recording heads 14 will now be described with
reference to FIGS. 9 through 11. FIG. 9 is a system block

25 diagram showing the driving and control section of the



In FIG 9, a main controller (CPU 91 processes 5 front data (dot data)
which is received fromthe host unit 100 as print data, and carries out a
verti cal -wo-2heviogssat al conversi on dependi ng on the | ay®air/Jetoosher48ecor di ng
heads 14. In addition, the main controller 91 generates a 2-bit driving
data SD which is required to controk7the ink drop to a |large 10 drop,
medi um drop and small drop (and no drop or no printing) .in correspondence
with thressivallied (eedniG) Haths amystempplres £haosahi U NG fgSdata SD
to the head driving circuit (driver IC) 88. The main controller 91 al so
suppl i eshéd thdevimeadideiuyingsci reigt 188 iz el Gékisggieg@K fox | at ch si gnal
LAT, 15 and driving waveform sel ection signals ML through MB for selecting

the dri ving yeuelorRd Bpeektespontence dMithnghendotonsiae dsitZencf ink
drop) to be fornmed. Furthernore, the main controller 91 reads driving

wavef orm dat a Stor%gl [aide. hg ROM 81, antd-upp! iepul hedpiyidgasavef orm data
to the driving waveform 20'generating circuit 87. The driving waveform

1 viong RERE GARIACR™ PBEY VBB T7 orf RO ST CAner 51T ero81 TH'0 98 anal og
D/ A Conver (BFUBD A6 ha s CaATLBF | U4 ng VETHGEL ARAPREEATT e WO
2004/ 000563 PCT/ JP2003/ 007487 -38 anplifier 94 for anplifying an output of
t he anpl cHiesrDidrt clepensiingi enenbd ylaiyi dr st r€§ﬁéﬁ+%goﬁe%ﬁ% Vi*ng t he
recording heads 14. For exanple, the current anplifier 94 outputs a
In addition, the main controller 91 generates a 2-Dbit driving
data SD which is reqﬁired to control the ink drop to a large
10 drop, medium drop and small drop (and no drop or no printing)
in correspondence with three-valued (ternary) data, and
supplies the 2-bit driving data SD to the head driving circuit
(driver IC) 88. The main controller 91 also supplies to the
head driving circuit 88 a clock signal CLK, a latch signal LAT,
15 and driving waveform selection signals M1 through M3 for
selecting the driving waveform in correspondence with the dot
size (size of ink drop) to be formed. Furthermore, the main
controller 91 reads driving waveform data stored in the ROM 81,
and supplies the driving waveform data to the driving waveform
20 generating circuit 87.
The driving waveform generating circuit 87 includes
a D/A converter 92 for converting the driving waveform data
received from the main controller 91 into an analog signal, an

amplifier 93 for amplifying the output analog signal of the

25 D/A converter 92 to the actual driving voltage, and a current



driving waveform Pv including a plurality of driving pulses 5 within one
driving period as showmn in FIG 11(a). The driving waveformPv is supplied
to the hewo 2des0pp3eg circuit 88. As shown in FIG 10, thechgazbosniMsng
circuit 88 includes a shift register 95 for inputting the driving data SD
in response to the clock signal CLK.,fromthe main controller 10 91, a |atch

circuit 96 for latching the value of the shift register 95 in response to

t he | at gﬂpﬂgf@,} JAESr ampt hey iRd nean cortouwal lodr t82, amptafesdedof 97 for
selecting one of the driving waveform sel ection signals (logic signals) M

t hr ough fr t TR o d:te on sianals (1ogic signals
dat a ahFE 1%1§%%%£35ﬂ%§Q%%9@EE Liss, Bl geppndiihg @ne 5 g

I e latch circuit 96, a level shifter 98 for

shifting an out put_ (Il ogic _sign sel.ectar A driving
voItagegﬁ‘%@%l}4anoE‘?]?ae%§Wp§‘§i’o%%a§%§£%gt ﬁgwlﬁge%\lbgn%u %EéS)t ates t her eof
controlled by an output of the |evel shifter 98.. Th 1SSl on gates 99
recei vedrheing wRYSE TR A SPGLREBRYf 7 o et 1 \ﬂfnéir\%é%/é msgsgezénerati ng
circuit 87, and is connected to the piezoelectric el emen%s 52 . of the

cor rgspandhng ooezdesviolg e iodc 8F dFRgheis Ux. LAJ@dr di hYF Yy 1 he head
driving circuit 88, the data selector selects one of the driving waveform
sel ecti gave25rsi ghals Mypplhircugh WBedepadding igw 1HecaifvPhg data SD, and
WO 2004/ 000563 PCT/ JP2003/ 007487 -39 shifts the selected driving waveform

sel ection signal (h@Uikowsi@nalls.t aot hendrhsidginiotimageirevet &Y the | evel
shifter 98. The driving voltage |evel output fromthe |level shifter 98 is
includes a shift register 95 for inputting the driving data SD
in response to the clock signal CLK from the main controller
10 91, a latch circuit 96 for latching the value of the shift
register 95 in response to the latch signal LAT from the main
controller 91, a data selector 97 for selecting one of the
driving waveform selection signals (logic signals) M1 through
M3 froﬁ the main controller 91 depending on a 1-bit driving
15 data which is latched by the latch circuit 96, a level shifter
98 for shifting an output (logic signal) of the data selector
97 to a driving voltage level, and transmission gates 99
having ON and OFF states thereof controlled by an output of
the level shifter 98. The transmission gates 99 receive the
20 driving waveform Pv from the driving waveform generating
circuit 87, and is connected to the piezoelectric elements 52
of the corresponding nozzles of the recording heads 14.
Accordingly, in the head driving circuit 88, the

data selector selects one of the driving waveform selection

25 signals M1 through M3 depending on the driving data SD, and



applied to the gates of the transm ssion gates 99. 5 As a result, the
transm ssion gates 99 are switched depending on the duration of the

sel ect ed woeoefooossd dri ving waveform sel ection signal sPiI/JPnodoghs™V3, and
the driving pulses formng the driving waveform Pv are applied to each
channel connected to the transm ssign gate 99 which is ON. 10 For exanple,
in a case where the driving waveform Pv includes the plurality of driving

pul ses ag,;$heWahkNsEl Gted HAkineaahvtfans nsskeoniqate g8 lwhiedidecones ON
only froma tine TOto a time Tl outputs one driving pulse as shown in

FI G 1%1%%)*@8%}1&“&9&% dd1vapg pubse sRowe imeklGsnltehy 98. 15

applied e prezoelectric elenment 52, a small ink drop is ejected from

the correspondi ng nozzle. Siml.ar] a t SIdSSi QR igate 99 which
becones %ﬁ gﬁllylggoﬁ?ijﬁ%g? i%neevelloot%pug ??Orr%l ﬁ'lg@oltrﬁv%}t %Rtl\%ogdri ving pul ses
as shown in FIG 11%2) Thus, when the drivinggguls%9§hown in FIG 11(c)

i s appl AP lied260t heepPateRl et EPERBRTS 52" Y

dirumink drop is ejected
fromthe correspondi ng nozzle. Further, each transm ssion ate 99 which
becofies ON from t h@st prseTd t o Wq iFHErPIi66Lp0t $2t9F VP dhSvPHd TFlFSes as
shown in FIG 11(d). Accordingly, when the driving pulse shown in FIG
11(d) | saappldied ba the 25rpiiezoelfedhe seékehedtoB?,ofa ther §&1VARIdrop is

ej ected fromthe WO 2004/ 000563 PCT/ JP2003/ 007487 -40 correspondi ng
nozzl e. Jhel€f0f @c1B¥t860E 2didig e ttirovghgMdaveidrthe idmdivadiong a

plurality of driving pul ses and selecting the
pulses forming the driving waveform Pv are applied to each
channel connected to the transmission gate 99 which is ON.

10 For example, in a case where the driving waveform
Pv includes the plurality of driving pulses as shown in FIG.
11(a) , each transmission gate 99 which becomes ON only from a
fime TO to a time Tl outputs one driving pulse as shown in FIG.
11(b) . Hence, when the driving pulse shown in FIG. 11(b) is

15 applied to the piezoelectric element 52, a small ink drop is
ejected from the corresponding nozzle. Similarly, each
transmission gate 99 which becomes ON only from the time TO to
a time T2 outputs two driving pulses as shown in FIG. 11 (c) .
Thus, when the driving pulse shown in FIG. 1l(c) is applied to

20 the piezoelectric element 52, a medium ink drop is ejected
from the corresponding nozzle. Further, each transmission
gate 99 which becomes ON from the time TO to a time T3 outputs
five driving pulses as shown in FIG. 11(d). Accordingly, when
the driving pulse shown in FIG. 11(d) is applied to the

25 piezoelectric element 52, a large ink drop is ejected from the



nunber of driving pulses to be applied to the piezoelectric 5 el enent 52,

it is possible to generate the necessary driving waveforns for ejecting

t he smal Iworkoddwess3 nmedi um i nk drop and | arge i nk dropPCrarse07dsi vi ng
wavef orm Consequently, only one circuit is required to generate the
driving waveformand only one signaj—line is required to supply this
driving 10 waveform For this reason, it is possible to reduce the size of
t he ciraodrdspandiagdnbrabhsm ssion [ines and al so reduce the cost thereof.
Next, a description will be given of an enbodi nent of the inmage processing
appar at us accor di nghkecfEbee prieg erdnckz iimgerheodriving efesrafiorg to FIG 12.
FIG 12 is a system bl ock diagram show ng the enbodi nent of the inage

processing.; ARARAr at Wsu 10 5, esbodinamy ohithe hnmosrecessithg appar at us
is forne ly t g;hogtuﬁnit&ioo which transfers the image data and the |ike

to the ink-jet inter L nel RisAler o 20, dri el hQHA-iEhat is, an
enbodi meNt™ Gt to%;dﬁﬁ‘f’ﬁPgﬁqgjf%%ger%dg%c%ﬁilﬁg toothe pﬂrleseont in\fénti on. The

host unit 100 and the  printer driver 101A. use an_e ' .of. _the i mage
pr ocEssi PSRt Rad é@cégd‘??lﬁsjr%l? e FESERTSi ﬁ{}%n ?%%.Oscqut el%]éél e of the

enbodi nent of the image formn 25 apparatus, that js, the jnk-jet printer
descri bedeadiovms tiee WDS20DRY (DTS 6IPET AT 86SP 0 072 JZf‘?( ci;d:tOpp ern of
the image or characters to be actually recorded is received together with
a print {aegoribk idrstr Gebnopnerdr comemng viefermt heCoRERIAT #1100 ¥nd no
means i s provided 4
one circuit is required to generate the driving waveform and
only one signal line is required to supply this driving
10 waveform. For this reason, it is possible to reduce the size
of the circuit board and transmission lines and also reduce
the cost thereof.
Next, a description will be given of an embodiment
of the image processing apparatus according to the present
15 invention, by referring to FIG. 12. FIG. 12 is a system block
diagram showing the embodiment of the image processing
apparatus. This embodiment of the image processing apparatus
is formed by the host unit 100 which transfers the image data
and the like to the ink—jet prinfer, and includes a printer
20 driver 101A, that is, an embodiment of the printer driver
according to the preéent invention. The host unit 100 and the
printer driver 101A use an embodiment of the image processing
method according to the present invention.

Tn the case of the embodiment of the image forming

25 apparatus, that is, the ink-jet printer described above, the



within the image form ng apparatus to generate the dot pattern 5 to be
recorded. Hence, the dot pattern data is generated by the printer driver
101A and woansf®niesad fromthe host unit 100 (the enbodiPegnP2s/oehgr i mage
processi ng apparatus) to the inage form ng apparatus (ink-jet printer).
The host unit 100 shown in FIG 12-é4meludes a CPU 10 (main control unit)
101, at |east one application software 102, a plottin q§%a nenory 103, a
rasteriz@@tjmﬂﬁte¥ﬂwﬁitéhedamégen%ﬁnﬁ%ﬁ?ﬁﬂieréntPnP@r?%&éé%. FSE974G
correction unit 107, and a font outline data nmenory 108. Recordi ng data
(print dasayedsivag pugefthem whehi atericsce(tECeradhdiBEPPrF BT % he 15
controller of the ink-jet printer showmn in FIG 8. A print instruction

whi ch i ngtfkets FeG0ntMengoak uhiBgE0® ahBmachenss iecpraetidd om an
operating system (0OS) or the application software 102 to be executed by

the CPU 101, ;] Sppd emRQeardoys 850ESgatdtidadlehbi-agedata armsartkdd. For 20
exanple, the print instruction’includes information related to the

positjon, thickness hape_and i e sli.nest ed, and
t he ﬁ%nt?os?ﬁémﬁﬁﬁxgﬁgit%gﬁcgf %ﬂ% %ﬁéﬁg@%ﬁ%@-ﬁ%kgbgsr %@%ﬂ%ﬁ£§$ﬁg print
instruction is witten in a _predetermne rint._ | anguage. 25 The .pyi nt
i nst ruct FBR BERERF id¥ivee &Pgﬁt e %%?%S %EF@B‘O%@% W%J‘HEO%&%@OMS?
-42 nmenory 103 is interpreted by the rasterizer 104. In the case of the
print inéthacenordimenteedr dhg LNAGS PHYCYSE&MS éPreratusfi ne®i ¥ Tonvert ed
into a recording dot pattern dependi ng on

image forming apparatus (ink-jet printer).

The host unit 100 shown in FIG. 12 includes a CPU
10 (main control unit) 101, at least one application software 102,
a plotting data memory 103, a rasterizer 104, a raster data
memory 105, an interface 106, a jaggy correction unit 107, and
a font outline data memory 108. Recording data (print data)
is output from the interface 106 and supplied to the
15 controller of the ink-jet printer shown in FIG. 8.

A print instruction which instructs recording of
image or characters, received from an operating system (0OS) or
the application software 102 to Dbe executed by the CPU 101, is
temporarily stored in the plotting data memory 103. For

20 example, the print instruction'includes information related to
the position, thickness, shape and the like of the lines to be
recorded, and the font, size and position of the characters to
be recorded. The print instruction is written in a

predetermined print language.

25 The print instruction stored in the plotting data



the specified position, thickness and the like. In addition, 5 in the case
of the print instruction to record characters, correspondi ng character
contour iwbaoewad®A i s read fromthe font outline dataPoEmprop3/a@8sand
converted into a recording dot pattern depending on the specified
position, size and the |ike. The rgcording pattern data obtained by the
above 10 described conversion is stored in the raster data nenory 105. The
CPU 101 pefothel hosis uiniterii@teegaydshe heastomivvent ildal 6Pt FBYATRAS | atti ce
as the basic recording position, and rasterizes the data to be recorded

into the: Lecopding dottRattien roTlectes o ding ddompakeaphe( dote data) 15
stored in the raster data nenory 105 is transferred to the ink-jet printer

via the.interface | AQ0Y-COLBERE T @b ide rH0 dcponvent;Sod he dot data
duri ng Hﬁ@eg%ﬁe?%?%%ﬁt%%hﬁﬂgagﬁof data.&hbxtfﬂgidescription will be given

of the ink used, 20 by the ink-jet, print i:nk, dr heh; bs ej ected

from tﬁ@ehégﬁcFﬁl?%ég??ﬁEﬁ%ﬂ’[#%lﬁﬁgﬁs?sgé%r%%%]ﬁgk?hqur%ﬁFiga ’

(recording) ink which may be nade up of .the q&{%h con%tg uent el enents
)

(C)5- (il G, Ceor) oPi GHork" (aoPSBFUE 87 iy M Lo u 6 or 25
greater; WO 2004{900563 PCT/ JP2003/ 007487 -43 (c2) First Vétting Agent ;
(c3) SecandedébhilnggAgemtactqm Honsergbielerfanal Sa verd from th

font outline data memory 108 and converted into a recording

dot pattern depending on the specified position, size and the

like. The recording pattern data obtained by the above

10 described conversion is stored in the raster data memory 105.

The CPU 101 of the host unit 100 regards the
conventional orthogonal lattice as the basic recording
position, and rasterizes the data to be recorded into the
recording dot pattern. The recording dot pattern (dot data)

15 stored in the raster data memory 105 is transferred to the
ink-jet printer via the interface 106. The jaggy correction
unit 107 converts the dot data during the generation of the
dot data.

Next, a description will be given of the ink used

20 Dby the ink—jet printer. The ink drop which is ejected from
the head in the ink-jet printer is formed by the printing
(recording) ink which may be made up of the following
constituent elements (cl)-—(cl0).

(cl) Pigment (Self-Dispersing Pigment), 6 wt.% or

25 greater;



(c5) Anion or Nonion Based Surface Active Agent; 5 (c6) Polyole or @G ycol
Et her, Carbon Nunber 8 or Geater; (c7) Enmulsion; (c8) Preservative; (c9)
pH Adj ustwogodkgmenic3 and 10 (cl O Pure Water. In ot her Pa@rI#Es03/0m@8PI gnent
(cl) is used as the coloring agent for the recording, and the solvent (c4)
is used as an essential conponent-43 deconpose and di sperse the pignent
(cl). In addition, the first and second wetting 15 agents (c2) and (c3),
the surface attd)veFagenhtWétB)ng tAsentenul sion (c7), the preservative (c8)
and the pH adjusting agent (c9) are added as additives. The first and
second wettier)agestsndcigtiainty (fe@ntare-nm xed in order to effectively
utilize the characteristics of each of the first and second 20 wetting

agents (c2) apcg4)(c§)ﬂug@g begdmcd Idchatatryi scosity adjustment. A nore
detail ed description wll now be given of each of the constituent elenents

(cl)-(clO of (tgef Lnk.  The pigments (el) shgrBRL AdbMdL&hdmtd particular 25

kind, and may'® orme y an 1norganic pignment or an organic WO

2004/ 000563 PCT/ JP2003/007487__ -4 igment . T i i i gmrent nmay be
sel eéted from €%k aRkPoP Sx?ﬁecf‘l%’?oé‘n@écxfeaé SR Q%%r Eon g: aggkol.[11 The carbon

bl ack may be produced by known nethods such as the contact nethod, the
Greater;

(c7) Emulsion;

(c8) Preservative;

(c9) pH Adjusting Agent; and
10 (cl0) Pure Water.

In other words, the pigment (cl) is used as the
coloring agent for the recording, and the solvent (c4) is used
as an essential component to decomposé and disperse the
pigment (cl). In addition, the first and secénd wetting

15 agents (c2) and (c3), the surface active agent (cb), the
emulsion (c7), the preservative (c8) and the pH adjusting
agent (c9) are added as additives. The first and second
wetting agents (c2) and (c3) are mixed in order to effectively
utilize the characteristics of each of the first and second

20 wetting agents (c2) and (c3), and to facilitate viscosity
adjustment.

A more detailed description will now be given of
ecach of the constituent elements (cl)-(cl0) of the ink.

The pigment (cl) is not limited to a particular

25 kind, and may be formed by an inorganic pigment or an organic



furnace nethod and the thermal nethod. On the other hand, the 5 organic

pi gmrent may be selected fromazo pignents, polycyclic pignents, chelating
pi gnent s, Woi200400pisdnent s, nitroso pignents, and anili n@Cpiigresne4such as
ani line black. The azo pignents nay include azo | akes, insoluble azo

pi gnents, condensation azo pignments;- and chel ating azo pignents. The

pol ycyclic 10 pignments may include phtal ocyani ne pignents, per%Iene

pi gnent $,igmpeti. nofiee pigoegds,c aioheaguinavnee pt Yt fgemnaeFRabL™

pi gnents, dioxazine pignments, thioindigo pignents, isoindrinone pignents,
and qui pgpbthareps PkoaBMSd CHi®onchekaki ngTive greerites: wdpcknofudes basi ¢
chel ating pignents and 15 acid chelating pignents. O the above descri bed

pigments, tfe Eng uﬁﬁgw%rheﬁﬂgd% enbadihpeahe peshei@binethas, atgeod affinity
with water. " The graln iameter of the pignent is preferably in a range of

0.05 umto 10 gm , and nore, pr r.ably or hesshe AGhJPshnd0 preferably
0.16 gmﬁﬁrq%§§sme?ﬁ8gaﬁ%ﬂnFﬁ%ﬁﬁgggﬁénFé&ggﬁin the ink. as the col ori ng

agent, is preferably in a range of 6 .% to 20. %. a eferably
in aSr amyEesHcg PRSP PGyS erQEP?%58Wa?Z%x%ﬁéﬁ%ﬂﬁ%ﬁIﬁgﬁgeg?é%%nts
within the ink 25 used in this enbodinment are as follows. W 2004/ 000563
PCT/ JP2Q0i3G07487 chedBtThe BiaRa i gReHEonBy TBER Lt dtt e 8rPlaHbdn

bl acks (C. 1. pignment black 7) such as furnace black, |anpblack, acetyl ene
bl ack anghchannehebbagkennet sheh suclnggine black. The azo pigments

may include azo lakes, insoluble azo pigments, condensation
azo pilgments, and chelating azo pigments. The polycyclic
10 pigments may include phtalocyanine pigments, perylene pigments,
perinone pigments, anthraquinone pigments, quinacridon
pigments, dioxazine pigments, thioindigo pigments,
isoindrinone pigments, and quinophtharone pigments. The
chelating pigﬁents may include basic chelating pigments and
15 acid chelating pigments.
Of the above described pigments, the ink used in
this embodiment preferably has a good affinity with water.
The grain diameter of the pigment is preferably in a range of
0.05 um to 10 pm, and more preferably 1 um or less, and most
20 preferably 0.16 um or less. The amount of pigment within the
ink, as the coloring agent, is preferably in a range of 6 wt.%
to 20 wt.%, and more preferably in a range of 8 wt.% to 12
wt.%.
- Particular examples of the pigments within the ink

25 used in this embodiment are as follows.



copper, iron (C. |. pignent black 11) and titanium oxide, and 5 organic

pi gnments such as aniline black (C. |. pignment black 1). Color pignments may
be sel ectwo 20040000563 | . pignment vyellows 1 (fast yel |l ow @&CI/JB2003/R0748t azo
yellow AA.A), 13, 14, 17, 24, 34, 35, 37, 42 (yellow iron oxide), 53, 55,
81, 83 (diazo yellow HR), 95, 97, 95, 100, 101, 104, 108, 109, 110, 10
117, 120, 138 and 3 . |. _pignent oranges 1 16 17...36, 43 and 51,
C. |. pignent redslﬂ\?h ZbCiaé:k g%?n%ﬂa{’@?‘?lﬁ%nﬁte PrsEar %I%) 23, 31,
38, 48:2 gper manent red 2B a{ 48: 2 er manent red 2B (Ca)), 48:3

(per maneRtaFEd B (Br)nionest ("EErV’r‘hn@h & DBeRR) P1a98: 1, 52:2, 53:1,
57:1 (brilliant 15 carmne 6B), 60:1, 63:1, 63:2, 54:1, 81 (rhodam' ne 6G

| ake), 83mprB8acklage g, biea}c é@@,cll@melloﬂa(céadm%bﬁi? esych B2, 114,
122 (qui nacridon magenta), 123, 146, 149, 166, 168, 170, 172, 177, 178,
17.9, 18%opp80, 183 209 mneiZhentColdck pi Qmentd tiitehétw dx{ddodard ne

| ake), 3, 5:1, 16, 19, 23 and 38, C |I. 20 pignent blues 1, 2, 15
(pht & Ocﬁéghﬂﬁcbﬂ)k@n&ts Hich 2452211186 14l adcocxtanpmgméhﬂeofaak 16,. 17:1,
56, 60 and 63, and" C. |I. pigment greens 1, 4, 7, 8, 1 18 and 36. O

course, other pignmeats, J%T%ygl?n%n"E%eﬁaySH%hs@fe %’;lfiiroﬁl gent S%D&yérgg t he

surface of the pignent exa carb processed by a resin or
28 . P ABLORSSS PETSER MIRggfs, i e
exanpl e, carbon) added with a functional group su%g a§5SU| fon8e3 group and
car boxyl apoaé,sé 35, 37, 42 (yellow iron oxide) .
(diazo yellow HR), 95, 97, 98, 100, 101, 104, 108, 109, 110,
10 117, 120, 138 and 153, C. I. pigment oranges 5, 13, 16, 17, 36,
43 and 51, C. I. pigment reds 1, 2, 3, 5, 17, 22 (brilliant
fast scarlet), 23, 31, 38, 48:2 (permanent red 2B (Ba)), 48:2
(permanent red 2B (Ca)), 48:3 (permanent red 2B (Sr)), 48:4
{(permanent red 2B (Mn)), 49:1, 52:2, 53:1, 57:1 (brilliant
15 carmine 6B), 60:1, 63:1, 63:2, 54:1, 81 (rhodamine 6G lake),
83, 88, 101 (rouge), 104, 105, 106, 108 (cadmium red), 112,
114, 122 (quinacridon magenta), 123, 146, 149, 166, 168, 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.
20 pigment blues 1, 2, 15 (phtalocyanine blue R), 15:1, 15:2,
15:3 (phtalocyanine blue E), 16, 17:1, 56, 60 and 63, and C. I.
pigment greens 1, 4, 7, 8, 10, 17, 18 and 36.
Of course, other pigments may be used, such as

graft pigments having the surface of the pigment (for example,

25 carbon) processed by a resin or the like so as to be



as to be dispersible in water. 5 The pignment may al so be encapsul at ed
within mcrocapsules so as to be dispersible in water. The bl ack ink used
in this ewbadiwmnicspreferably includes, as the pignent PCa/JpRiysmomus7

di spersant which is obtained by dispersing the pignent within a water
medi um by a 10 dispersing agent. Theg_di spersing agent is preferably a known
di spersant which is used to adjust a known pigment dispersant. The

di sper santpaByibes sel ectted ,f aot podbyesssd iaends pevypetHRryl ate, acrylic
acid-acrylonitrile copolyner, vinyl acetate-acrylic (acid) ester

copol yne(,£2€L Vb Crigeighgmbhtageyli 6xdmeial) @ldopnestddedopdtlymer,
styrene-acrylic acid copolymer, styrene-nethacrylic acid copol yner,

styrene-._ acrylic.acjd- I go(aghddnal kyd 8ste1d CRRBLYIEI gr&ilipy rene-
nethacrfPPSE%g?%%dﬁégw?g; ac%ﬁ) al'kyl es epﬁiopolyner, styrene- a -nethyl
styrene-acrylic acid copal yner-acrylic (acid) 20 al kyl ester copol yner,
styreneﬁﬁaFéiEea€+ﬁp %ﬁﬁéP,W6%ﬁ¥r napht hal ene-nmal efi ¢ acid copol yner,

vinyl acetate-ethylene copolyner, vinyl acetate-fatty.acid vinyl ethylene
copopyner, vinyl BeetRi@aid &Y aF4 %@t%ﬁcﬁﬁﬁﬁ;afﬁgr%lgﬁﬁ9l acet at e-

crotonic acid copolyner, and vinyl acetate-acrylic acid 25 copolymer. WO
2004/ 008563 0PEFAIP2H03S 007 487 be- 42sPArsHel ¢ nk USe#5'n this enbodi ment, the
wei ght average nol ecul ar wei ght of these copolyners is preferably in a
range of 3,000 to 5Ae0P0;clanthknusedpief ehabl smpodimengngaedprably

includes, as the pigment, a pigment dispersant which is
obtained by dispersing the pigment within a water medium by a

10 dispersing agent. The dispersing agent is preferably a known

dispersant which is used to adjust a known pigment dispersant.
The dispersant may be selected from polyacrylic

acid, polymethacrylate, acrylic acid-acrylonitrile copolymer,

vinyl acetate-acrylic (acid) ester copolymer, acrylic acid-

15 acrylic (acid) alkylester copolymner, styrene-acrylic acid
copolymner, styrene-methacrylic acid copolymer, styrene-—
acrylic acid-acrylic (acid) alkylester copolymer, styrene-
methacrylic acid—écrylic (acid) alkylester copolymer, styrene-—
o -methyl styrene-acrylic acid copolymer-acrylic (acid)

20 alkylester copolymer, styrene-maleic acid copolymer, vinyl
naphthalene-maleic acid copolymer, vinyl acetate—ethylene
copolymer, vinyl acetate-fatty acid vinyl ethylene copopymer,
vinyl acetate-maleic acid ester copolymer, vinyl acetate-

crotonic acid copolymer, and vinyl acetate-acrylic acid

25 copolymer.



5,000 to 30,000, and nost preferably in a range of 7,000 to 5 15, 000. The
anmount of the dispersing agent nay be added wthin an appropriate range
such t hatwOheo4iogisnt i s stably dispersed and ot her de®craptm3edtercts are
not lost. The dispersing agent is preferably in a range of 1:0.06 to 1:3,
and nore preferably in a range of _}70. 125 to 1:3. 10 The pignent used as
the coloring agent anobunts to 6 wt.%to 20 w..%wth respect to the total
wt. % of the ink, and tiehengr mseddianelhes ¢ePqdimenitan§BeofeeIBs g mto 0.16
,um In addition, the pignent is dispersed wwthin water by the dispersing

agent, apd the HbsoersiNYagent ofseless @bl ymaesons peafaraliBper si ng
agent having a nol ecular weight in a range of 5,000 to 100, 000. The

picture_quali %y%i;% | RS \6ie§0 when Lhe sekaibl.e rganiycisokveange nof udes at

| east offe Ki'A pbyrro one derivative, and particularly 2-pyrrolidone.

Wth regard to tgﬁcé@%fﬁ%%%gggf%\éﬁ%%ggi@%Qta%ge%-f(cz%O@ngO(CB) and

t he sol bIOQOoFaa , water Included within the ink as a
liquid nediumin the case of_the .ink used in_ thi di . For exanpl e,
t he $ol IL6wi0R§ - soF bl EBiarmiic 06 F&iPe™ Y)Y ba‘egeungce?]n gor%t hgggér poses of

maki ng the ink have desired properties, preventing drying o 5 the ink,
and i npravinig eheadpseot A tiorangspPuFal Fﬁ@t o*fh%ﬁ%“\?@%zégﬁ%ﬁﬁé‘és

PCT/ JP2003/ 007487 -43 sol uble organic solvents nay be m xed. The first and

second welddergeagentisofied) dmdrptlp cfhdctheasolnii ésitganiiéesol vent (c4)
may be selected from

dispersing agent is preferably in a range of 1:0.06 to 1:3,
and more preferably in a range of 1:0.125 to 1:3.
10 The pigment used as the coloring agent amounts to 6

wt.% to 20 wt.% with respect to the total wt.% of the ink, and

the grain diameter is in a range of 0.05 um to 0.16 um. In
additién, the pigment is dispersed within water by the
dispersing agent, and the dispersing agent used is a
15 macromolecular dispersing agent having a molecular weight in a
range of 5,000 to 100,000. The picture quality is improved
when the soluble organic solvent includes at least one kind of
pyrrolidone derivative, and particularly 2-pyrrolidone.
With regard to the first and second wetting agents
20 (c2) and (c3) and the soluble organic solvent (c4), water is
included within the ink as a liguid medium in the case of the
ink used in this embodiment. For example, the following
soluble organic solvents may be used for the purposés of
making the ink have desired properties, preventing drying of

25 the ink, and improving the dissolution. A plurality of such



pol yhydri c al cohols such as ethylene glycol, diethylene glycol, 5
triethylne glycol, propylene glycol, dipropylene glycol, tripropylene

gl ycol , twOnraetdngisdne gl ycol, hexyl ene glycol, polyet hpCeneybyecas?,

pol ypropyl ne glycol, 1,5-pentanediol, 1,6-hexanediol, glycerol,

1, 2, 6-haxanetriol, 1,2,4-butanetrioig-1, 2, 3-butanetriol, and petriol. 10
The first and second wetting agents (c2) and (c3) and the soluble organic
sol vent dad4iplrayrghsibc beokedreny adhyf enfipeflyhydri c al cohol al kyl et hers such
as ethylene glycol nonoethyl ether, ethylene glycol nonobutyl ether,

di et hyl ene egcoITﬁ@n@meﬁhyin@tm@mxxﬁWEthyheneggm?%okﬂﬁnﬁﬁ§¥Hyﬁ)ether, 15
di et hyl ene gl ycol nonobutyl ether, tetraethylene glycol nononethyl ether,

and pro%%%? 9l 9515”89?5&&% Shemt The)f nagtbanskesecond fwett | ng agent s
(c2) an c3 and the soluble organic solvent (c4) may al so be sel ected

from pol yhydrjc alcohol . ar t her cheasiethy! enesilyicele 2Qyaenpphenyl

et her, éﬁéﬁé{ 'PgngiﬁPﬁg%g %%ﬁgﬁgﬁfi?ﬁgthgré ?he first é%a second wetting

agents (c2) and (c3 and the sol ubl e organi ( y al so be

sel eét edtF¥IHY qet 9@@@&%%0}}%{%%?%@ y&r%éy%??%%%%%%n Csc{}gh as 2-

pyrrolidone, N-nethyl-2-pyrrolidone, N hydroxyethyl-2 25 pyrralidone,

1, 3- di nethidionvdezel gayﬁgﬁe,tﬁtt%%ﬁrﬂeé’& éﬁwcéﬁd %@‘%b%‘%ﬁ 553

PCT/ JP2003/ 007487 -49- y -butyrol actone. The first and second wetting

agents (sR)yeind/1eed) glarndlt heospprdwlns gancelsol verber e ehey al so be

selected from _
1,6~hexanediol, glycerol, 1,2,6-haxanetriol, 1,2,4-butanetriol,

1,2,3-butanetriol, and petriol.

10 The first and second wetting agents (c2) and (c3)
and the soluble organic solvent (c4) may also be selected from
polyhydric alcohol alkylethers such as ethylene glycol
monoethyl ether, ethylene glycol monobutyl ether, diethylene
glycol monomethyl ether, diethylene glycol monoethyl ether,

15 diethylene glycol monobutyl ether, tetraethylene glycol
monomethyl ether, and propylene glycol monoethyl ether.

The first and second wetting agents (c2) and (c3)
and the soluble organic sol&ent (c4) may also be selected from
polyhydric alcohol aryl ethers such as ethylene glycol

20 monophenyl ether, and ethylene glycol monobenzyl ether.

The first and second wetfing agents (c2) and (c3)
and the soluble organic solvent (c4) may also be selected from
nitrogen—-containing heterocyclic compounds such as 2-
pyrrolidone, N-methyl-2-pyrrolidone, N-hydroxyethyl-2-

25 pyrrolidone, 1,3-dimethylimidazolidinone, ¢ ~caprolactam, and



am des such as formam de, N-nethyl formam de, and N, N-dinmethyl 5
formam de. The first and second wetting agents (c2) and (c3) and the

sol ubl e owgamésnosmBvent (c4) may al so be sel ected from PamiJRz®3/eWasy as
nonoet hanol am ne, di ethanol am ne, reiethanol am ne, nonoethyl am ne,
diethyl amne, and triethyl am ne. -M®-The first and second wetting agents
(c2) and (c3) and the soluble organic solvent (c4) may al so be sel ected
from sulf tPUBOMRIATHME -compounds such as di met hyl sul foxide, sul fol ane,
and t hi odi et hanol , propyl ene carbonate, and ethylne carbonate. 15 O the
above described or géhectsetvertds segoehyeehEng ARIGIS (Chi 0@Pet hahol |

pol yet hyl ene gl ycol 200-600, trienthylene glycol, glycerol, 1, 2,

6- hexanetanidolthe 1s @]l bl dutagretird alolvpetr (of) myb-giemt dredidbcted pfaraml | done,
and N methyl-2-pyrrolidon are particularly preferable since these 20

sol vent s shavest becef i&ctonfanthicssi W-REtEAL | 56a6dnorde diassioNyiti-aimeand
preventing deterioration of the ink ejection characteristic. O her
prefegabgﬁmﬁﬁﬁgagg agents include sugar. Sugars may include

pol ysacchari des such as nonosacchari de, 25 disaccharide, and

ol i gosaccharide (ing]ludiLng trisacchari,d d WO 2 0 6
OCTT S p008) 00748y a8 FETT i e oas) ,%e’gﬁ%j“%rae‘%eggca |§92| %8%3&?3)rrannose,

fructose, ribose,_ xylose, arabingse, gal actose, naltose, .ce|llobjose,
| act ose, a@ﬁ’c?ﬁ@e?o%‘iﬂéh%l%%@mé:nc‘foﬁé(?%t fe 8L amatriad S0 b 20188LLO LSS

amines such as monoethanol amine, diethanol amine, reiethanol
amine, monoethyl amine, diethyl amine, and triethyl amine.

10 The first and second wetting agents (c2) and (c3)
and the soluble organic solvent (c4) may also be selected from
sulfur-containing compounds such as dimethyl sulfoxide,
sulfolane, and thiodiethanol, propylene carbonate, and ethylne
carbonate.

15 Of the above described organic solvents, diethylene
glycol, thiodiethanol, polyethylene glycol 200-600,
trienthylene glycol, glycerol, 1, 2, 6-hexanetriol, 1,2,64-
butanetriol, petriol, 1,5-pentanediol, 2-pyrrolidone, and N-
methyl-2-pyrrolidon are particularly preferable since these

20 solvents have the effect of obtaining satisfactory dissolution
and preventing deterioration of the ink ejection
characteristic.

Other preferable wetting agents include sugar.
Sugars may include polysaccharides such as monosaccharide,

25 disaccharide, and oligosaccharide (including trisaccharide and



pol ysaccharides are used to refer to sugars in a broad sense, 5 and may
include naturally existing materials such as a - cycl odextrine and

cel | ul osewoOl2n04®0568i on, derivatives of these sugars mayPCrIetwseomgduci ng
sugar (for exanple, sugar al cohol (general fornula HOCH, (CHH) CH20H (where
nis an integer from2 to 5) of 10-the above descri bed sugars, sugar oxide
(for exanple, aldonic acid and uronic acid), amno acid,_ and thio acid.
Sugar ateotrsiadokagade) cuRaf| HTRFRTETADI%E UCRRE - nBPRNRT ude YraleProl  and
sorbit. The sugar content within the in conposition is 15 preferably in a
range ofribdsap pliose40ambbonoand groreetoseef BrabPei ncal kadmgecof 0.5 w . %
to 30 wt. % The surface active agent (c5) is not limted to a particular

Ki nd. Fof;exad®l eucaidiseni ersHaface, anid velagentosany Tiee sel ected from
pol yoxyet hyl ene al kyl et her acetate salt, 20 dodecyl benzenesul fonic acid

salt, |ayryl.achd. salds 2aduspal yoxyatdlianaughkyl ehhernaidd atassal t. For
, N

exanpl e Ionic surface active agent nmay be selected from

pol yoxyet hyl ene al kyl et her oxyet.hyl ene .kyl e ,.Jpol yoxyet hyl ene
sor bit an@d™¢ d13¥/ 4G d@sflélrtjurggh%o? o% lé%ﬁagﬁgkg?{ﬁy?‘%%ﬁlﬁsoe her |

pol yoxyet hyl ene al kyl am ne, WO 2004/ 000563 PCT/ JP2003/ 007487 -51 and

pol yoxye€hst e a1 i8A amcd6e1THe°3bove described surface active agents may

be used independently or, a mixture of two or nore surface active agents
may be used. In addition, derivatives of these sugars may

include reducing sugar (for example, sugar alcohol (general
formula HOCH, (CHH) CH,0H (where n is an integer from 2 to 5) of

10 the above described sugars, sugar oxide (for example, aldonic
acid and uronic acid), amino acid,; and thio acid. Sugar
alcohol is particularly preferable, and may include maltitol
and sorbit.

The sugar content within the in composition is

15 preferably in a range of 0.1 wt.% to 40 wt.%, and more
preferably in a range of 0.5 wt.% to 30 wt.%.

The surface active agent (c5) is not limited to a
particular kind. For example, anionic surface active agent
may be selected from polyoxyethylene alkylether acetate salt,

20 dodecylbenzenesul fonic acid salt, lauryl acid salt, and
polyoxyethylene alkylether sulfate salt.

For example, nonionic surface active agent may be
selected from polyoxyethylene alkylether, polyoxyethylene
alkylester, polyoxyethylene sorbitane fatty—acid ester,

25 polyoxyethylene alkylfenyl ether, polyoxyethylene alkylamine,



The surface tension of the ink used in this 5 enbodi nent corresponds to an
i ndex indicating the perneability of the ink with respect to the recording
paper. Thwe 2eawdess@ tension indicates a dynam ¢ surfac@Crarsioanomst hin a
short time of one second or less fromthe tine when the ink surface is
formed, and is different froma stat?tsurface tension 10 which is neasured

in saturatipn tine, Kk nown t hod .of suring the dynam ¢ _surface

t ensi on vﬁq(ﬁipﬁagﬁéyggg‘gﬂan%r%?y sasml(r%laey Bgﬁgn% %gee ,esicn%ﬁbue i r?élrgaﬁleat hod
proposed in a Japanese Lai d- Open Patent Apgl i cation No.63-31237. In this
enbodi ne®C iy WPERBIERY MEY P SHRSTEAREGPFREER SYr Phc e tRRGUSR P5 RE3suri ng

equi pnent is enployed to neasure the dynam c surface tension. The surface
t ensi on iar prekesablfpcatagdiv® agentessay hadupede preferably 35 ml/ n2 or

| ess, so as to obtain satisfactory fixing characteristic and drying
characteristic. Wt hTheegartat® tidresipol yal eher igkyeedd etrhedhi(sc6) 20 with
carbon nunber 8 or greater, a partially soluble polyole and/or glycol

et her shavi g @meakUbbkibE¥pbiid HARGE 10HeR. InM cdoid® thed pirnuWhii bty wat er
at a tenperature of 25C is/are added to the ink at a proportion of 0.1

. % .9 it ) i f ;
feoul . the B 4t Pagt char Bt eriotTS SPerhe TR TH r donsot ‘F5 the
heating WO _2Q04/Q000563 _PCT/ J£2003/ 0074%7 -§2 el ement. .i.s | npglov%d, and it
was conf i THEd By TPRECEFER eht Y IPEN CHF ToRTt “PRET S} SRt TR & ABPFiTty and

frequency stability are achieved even when the anmount of pol %Ol and/ or
gl ycol time of one second or less from the time when the ink surface

is formed, and is different from a static surface tension

10 which is measured in saturation time. A known method of
measuring the dynamic surface tension within one second or
less may be employed, including a method proposed in a
Japanese Laid-Open Patent Application No.63-31237. In this
embodiment, a Wilhelmy type suspended plate surface tension

15 measuring equipment is employed to measure the dynamic surface
tension. The surface tension is preferably 40 mJ/m’ or less,
and more preferably 35 mJ/m’ or less, so as to obtain
satisfactory fixing characteristic and drying characteristic.

With regard to the polyole or glycol ether (cé)

20 with carbon number 8 or greater, a partially soluble polyole
and/or glycol ether having a solubility in a range of O.i wt.%
to 4.5 wt.$ within water at a temperature of 25C is/are added
to the ink at a proportion of 0.1 wt.% to 10.0 wt.% with
respect to the total weight of the ink. As a result, the

25 wetting characteristic of the ink with respect to the heating



ether added is small. For exanple, the solubility was 4.2%at 5 20C for
2-ethyl -1, 3-hexanediol, and the solubility was 2. 0% at 25C for

2, 2, 4- t r iwot2hgd/oob3e3- pent anedi ol . The penetrant havi ng tReTgBLWBVIHMEY in the
range of 0.1 wt.%to 4.5 w.o0 within water at 25C has an advantage in

that the perneability is extrenely-begh although the 10 solubility is | ow
Hence, it is possible to produce an ink having an extrenel

per meabi leney igoFnHovgdy hand phhefda Mo R 81 Pﬁetg%l%ﬁ%{f}/ in the range
of 0.1 w.%to 4.5 w.%wthin water at 25C with ot her solvents and/or
other simfacermadfiate agertectisn | stalsl et emsblfsegharcy hetanikl idded in this
enbodi nent is added with the enulsion (c7), such as resin emnulsion. The

resin enylsi oemiSfer icd afeaMihsi ablayiai) polgber ahd/oheglworit i nuous phase
anda resin conponents in the disperse phase. The resin conponent in the

di sper Seeﬁﬂ?fdacf@eyd 20, hg 56l ected £xamacr WHeC sbesibniivy Nyds acetsatee resin,
a

styrene- I ene resin, V|nyI chloride resin, acrylic-styrene resin,

but adi ene ¢ S|n pe resin Pref ra ogent, |n t he
but ad eneofes i A shunene, Loski, B eLetaly cLig, 1 Esn eamoner
hydrophlllc part and a hydro hobi c_part . d|t|on WO 2004/000563

PCT/ JP2083/ 0482 / 2—§3téP@ﬁBg§% } ne R aHeQFS ter of the resin conponent

is not limted as long as the emulsion is forned, the grain dlaneyfr is
preferably approxi réte|3enEsTann BRViRgsthanpkid ity in"the range o

0.1 wt.% to 4.5 wt.% within water at 25°C has an advantage in
that the permeability is extremely high although the

10 solubility is low. Hence, it is possible to produce an ink
having an extremely high permeability by combining the
penetrant having the solubility in the range of 0.1 wt.% to
4.5 wt.% within water at 25°C with other solvents and/or other
surface active agents.

15 It is preferable that the ink used in this
embodiment is added with the emulsion (c7), such as resin
emulsion. The resin emulsion refers to an emulsion having
water in th%wcontinuous phase and -a resin components in the
disperse”phase. The resin component in the disperse phése may

20 be selected from acrylic resin, vinyl acetate resin, styrene-
butadiene resin, vinyl chloride resin, acrflic—styrene resin,
butadiene resin, and styrene resin.

Preferably, the resin component in the ink which is
used in this embodiment is a copolymer having both a

25 hydrophilic part and a hydrophobic part. In addition,



preferably in a range of 5 nmto 100 nm 5 The resin enul sion may be
obtained by mxing the resin grains into water, in sonme cases together

wi th a suwbaoeooessti ve agent. For exanple, acrylic resi RCOIPHOyPEREF acrylic
resin enul sion may be obtained by mxing (neta) acrylic (acid) ester

and/ or styrene to water, in some cases together with a 10 surface active
agent. The mixture ratio of the resin conponent and the surface active
agent i sabrdugading igFaan fhmpetef Hprexiteetel GRS o-pFCoxi matel y 5: 1
If the surface active agent used does not anmobunt to this range, the

emul si onlimsited fasculengt @sobhai emulGnidrhd sotfleemepanthe i grais 15-agwdesi r abl e
for the surface active agent used to exceed this range, because there is a

t endency; § o5rd 8-aMateapheskshateey WU drherpeeseabahd tyodf the ink to
deteriorate in such a case. The ratio of the resin which is used as the

di sperse n t ion gandthe water is 20 preferably in
%fég%E§§3FHQP%.EaHEe ?? emy sip m

a range % to 400 WM. %wWth respect to 100 w.% resin, and nore

pr ef %r ably in a range of 1gpe%lgg&})u%ép%evwob%oa%gg SRECing @00 wt. %

. ? . : res, I
resi Exi sting resitt émilsi 6ns Tnc styrene-acryltfc resin enulsions

called Mcrogel E-1002 and M crogel E-5002 2% %bg%h product nages%
manuf act GEEH! BENTPhIR tBalAtSEo. T0 1IF SHOS2004¢500863" PCT/IP2003F 607487

-54 acrylic resin emul sion called BonCoat 4001 (product nanme) _manufactured
by Dai Neppbve |agerChenifoal ekamRke r Y2 EN e FeS 18t GF eRBY EBASTITIESI n
enul sion cal |l ed BonCoat 5454 (product

resin emulsion may be obtained by mixing (meta) acrylic (acid)

ester and/or styrene to water, in some cases together with a
10 surface active agent. The mixture ratio of the resin
component and the surface active agent is preferably in a
range of approximately 10:1 to approximately 5:1. If the
surface active agent used does not amount to this range, the
emulsion is difficult to obtain. On the other hand, it is
15 undesirable for the surface active agent used to exceed this
range, because there is a tendency for the water resistance
and the permeability of the ink to deteriorate in such a case.
The ratio of the resin which is used as the
disperse phase component of thg emulsion and the water is
20 preferably in a range of 60 wt.% to 400 wt.% with respect to
100 wt.% resin, and more preferably in a range of 100 wt.% to
200 wt.% with respect to 100 wt.% resin.
Existing resin emulsions include styrene-acrylic
resin emulsions called Microgel E-1002 and Microgel E-5002

25 (both product names) manufactured by Nippon Paint Co., Ltd.,



nane) manufactured by Dai N ppon Ink Chem cal Industry Limted, 5
styrene-acrylic resin enul sion called SAE-1014 (product nanme) nmanufactured
by N pporw@eoow/0@osspany Li mited, and acrylic resin enul #CoaPz@mBhedsSai bi nol
SK-200 (product nane) manufactured by Saiden Chem cal Conpany Limted. The
ink used in this enbodi nent preferghly includes 10 the resin emulsion

havi ng the resin conponent in arange of 0.1 w.%to 40 w. % of the ink,
and nor ecpreferzgdip iemudsiangealbed BRRCHT 4095 WPT9FBFT (S )nk. The resin
emul si on has viscosity-increasing and aggregating characteristics, and has
the ef f gah&reftdfed ippredsNngpbhelpendtanitdadn Iotushsy cbimiiefy conponent and
pronoting the fixing of the coloring conponent on the recording nedium

such as ;papehe-4 frAdd tielAn depesdbngearl dh@onkioad 6%54esprodmil sion, a
coating iS5 forned on the recording nedium so as to inprove the resistance

of the recoadsgm-ﬁf?cg&re%iob‘}g%ia(@zg)ifaﬁgﬁiirg@-Ch%ciaﬂkIﬂaﬁgtfﬁ tihiisceerrbodi ment

may use "8 Khown preservative nown pH adjusting agent, and pure
water (cl0), in addition.to the_cqlor] - ) (pSQhyent {g4) and
sur face S&EFFU8-AgRAL ﬁSl&e§gP?Bé§£a%%€%e.é (:)Lgﬁiixéﬁpﬁe, the ngérbeser vative
(or anti-nold agent) WO 2004/ 000563 PCT/JSTZ#HQJS/ 007487 '5§1£882e4§§¥ be

sel ect ethahpEaTEBERH MY SHyRRCGadEPRt EOMRYYY af@d acrt

2-pyridinethiol-I-sodi um oxide, sodium benzoate, and sogi um
pent achlesmadphenotalled Saibinol SK-200 (product name) manufactured by

Saiden Chemical Company Limited.
The ink used in this embodiment preferably includes
10 +the resin emulsion having the resin component in a range of
0.1 wt.% to 40 wt.% of the ink, and more preferably in a range
of 1 wt.% to 25 wt.% of the ink.

The resin emulsion has viscosity-increasing and
aggregating characteristics, and has the effects of

15 suppressing the penetration of the coloring component and
promoting the fixing of the coloring component on the
recording medium such as paper. In addition, depending on the
kind of resin emulsion, a coating is formed on the recording
medium, so as to improve the resistance of the recorded image

20 against friction.

The ink used in this embodiment may use a known
preservative (c8), a known pH adjusting agent, and pure water
(c10), in addition to the coloring agent (cl), solvent (c4)
and surface active agent (c5) described above.

25 For example, the preservative (or anti-mold agent)



An arbitrary material may be used for the pH 5 adjusting agent, as long as
it is possible to adjust the pHto seven or greater w thout introducing
undesi r abWwe 2eé4m@aics on the ink. For exanple, the pH adjpastrrg3/aeeasit my be
selected from am nes such as di ethanol am ne and triethanol am n,

hydr oxi des of al kaline netal el enent®-such as |ithium 10 hydroxi de, sodium

hydr oxi de and pot assi um hydr oxi de, anmoni.um _hydr gxi.de, aternary anmoni um
hydr oxi de(,CScﬁu%}?@rH‘ér?El%%%‘?{)k‘%ﬁﬂ”UrﬁoaﬁWoQ%%?r %Ccﬁqccaécreboﬁg e8"such” as
l'ithium carbonate, sodium carbonate and potassi um carbonate. For exanple,

a chel at isegbrsageAtryaidireduicdctiedodisnf phitet RABHEYPSRZAE T8 0df R
tetroacetate, nitro sodium triacetate, hydroxyethyl ethylenedi am ne sodi um
tri acet atssdiuvei pthyhehnkotoplaariale sodi um pent oacetate, and uram | sodi um

di acetate. For exanple, the corrosion inhibiter may be 20 selected from
acid sulfite, sodiughthiwstt{at enatddiiiadi ghycobi@sedcick ampEumM nitrite,

dii sopropyl ammoniumnitrite, pentaerythritol tetranitrate, and

di cycgohe%jélu(ggﬁan%ﬁgﬁtpig ity BE her asngotbenidkd o dsnghudecabnl east the

pi gnent e sol uble organic solvent (c4), thé polyole or glycol

WO 2004/ 000563 PCT/ JP2003/0Q7487 . - W 8
great er, SaE™t RE Bﬁ?%gﬁﬁt"éjr&o(u%ld)n,égg 8%2§%Oé§$%?%¥%ﬂgeg%{f§%%t? ﬁé@? :)I I O\C/)\,ir ng

advant ageous effects (El)-(EB) even n e recording is made on.plain
gthe ink. For éxa%pfe,)the PH a gus Qng agent ma Be se ecgedp

from amines such as diethanol amine and triethanol amin,
hydroxides of alkaline metal elements such as lithium
10 hydroxide, sodium hydroxide and potassium hydroxide, ammonium
hydroxide, quaternary ammonium hydroxide, quaternary
phosphonium hydroxide, and carbonates such as lithium
carbonate, sodium carbonate and potassium carbonate.
For example, a chelating reagent may be selected
15 from ethylenediamine sodium tetroacetate, nitro sodium
triacetate, hydroxyethyl ethylenediamine sodium triacetate,
eiethylene triamine sodium pentoacetate, and uramil sodium
diacetate.
For example, the corrosion inhibiter may be
20 selected from acid sulfite, sodium thiosulfate, thiodiglycolic
acid ammonium nitrite, diisopropyl ammonium nitrite,
pentaerythritol tetranitrate, and dicyclohexyl ammonium
nitrite.
By forming the ink to include at least the pigment

25 (cl), the soluble organic solvent (c4), the polyole or glycol



paper. 5 (El') Good color tone (sufficient color generation and col or
reproduci bility); (E2) H gh image tone; (E3) Sharp picture quality free of
f eat her i yophevonsaon and col or bl eedi ng phenonenon i nPChgPzaneEa@ser s and
i mage; 10 (E4) Image having little ink penetrating phenonmenon to the other
side of the recording medium and appPPtable to duplex recording; (E5) High

i nk drying..char erl.sti | Xi teristic) it f hi gh- speed
recordind?uénd @%S(Eé%hkﬁaégéﬁgge f%gg;g%éggg?%%?ét$%h§%%%Fgéelhgﬁ?§

resi stance and water resistance of the inmage. Therefore, it is possible to
greatly iﬁﬁVHvelﬁhés PﬁﬁﬁébiﬁnEP W &g%eES%EBH}n%Cﬁ R EFESddC bility,
feathering, color bleeding, duplex recording characteristic, 20 fixing
char act er¢steatsan@ ) HdEP) kever ovieferdlsy resairfiz8Jal fie pirctdrénqual ity.
Next, a description will be given of the jaggy correction carried out in
this enbookhprent of the image processing apparatus, the printer driver and
the i mage 25 processing nethod. The jaggy correction converts a periphery

WO 2064/ 000563 (PCT/ H32003608748dne - B fafi A epit-eppedrt ganstddim pagt of dots
form ng a contour portion of characters and/or graphics-of an imge or

i mge da;gbidg(%ePQQBECnghggyp;snalIer size than the dots form ng portions
(E2) High image tone;
(E3) Sharp picture quality free of feathering phenomenon
and color bleeding phenomenon in the characters and image;

10 (E4) Image having little ink penetrating phenomenon to
the other side of the recording medium and applicable to
duplex recording;

(E5) High ink drying characteristic (fixing
characteristic) suited for high-speed recording; and

15 (BE6) High ruggedized characteristic such as light
resistance and water resistance of the image.

Therefore, it i1s possible to greatly improve the
image tone, color generation, color reproducibility,
feathering, color bleeding, duplex recording characteristic,

20 fixing characteristic and the like, to thereby realize a high
pilcture guality.

Next, a description will be given of the jaggy
correction carried out in this embodiment of the image
processing apparatus, the printer driver and the image

25 processing method. The jaggy correction converts a periphery



ot her than the periphery of the,stepped transition portion or 5 into dot
data having a small size. First, for conparison purposes, a description
will be wybDwves/mwhHs6a case where no jaggy correction i s nmed&Jrp3/007@8erring
to FIGS. 13 and 14. FIG 13 is a diagram showi ng an output character which
is recorded as a result of an inmages%0 processi ng when the i mage processing
i ncludes no jaggy correction. FIG 13 shows a Japanese hiragana character
"Z'. FIGE ds4steppeditagnamtséhowbagt Hctotdr FRAgeREnt SRR EPOBIATGdE™ | ne
portion of the output character. According to the inage processing

i ncl udi ngf neha ddc jeaggypneivregtraphi cs hef qualimegeobrt hvagectrided ndivar acter is
poor as may be seen fromFIG 13 since the jaggy portion is generated at

the obligyeslhAe Rprd iaR118s shewnthih RHe dbAs fbhrRifdgtsostees ranged in a
st epped manner at the oblique line portion, thereby formng transition

oints A_. B | t i ff } t | east
P o B 2nd, G @ge gg[e%gﬁgl%?yaégi'@hé eRdlidf eranger apRUR G @ ra

one dot 'S "generate tion points A, B and C, to thereby
deteriorate the i aof the recorded character. In FIG 14, reference
nuneral s 11§590% gy%as%vilﬁ’ﬁﬁ 8atgga£$b“7’3tzr%'ry dot (or pixel) positions. 25
Next, a description will be given of a first WO 2003/ 000563. .

PCT/ JP2003/ 007487 EBSlentfod reRP26t SPheP VRGP Scofr EEEFORP et oled in this
enbodi nrent, by referring to FIGS. 15A through 19B. FIGS. 15A and 15B are
di agr amsbtogieap| af ri nEpseherhfeires Ro el rAHE St iPRe 1pafaye . Y

referring to FIGS. 13 and 14. FIG. 13 is a diagram showing an
output character which is recorded as a result of an image

10 processing when the image processing includes no jaggy
correction. FIG. 13 shows a Japanese hiragana character A GLUN
FIG. 14 is a diagram showing a dot arrangement at an oblique
line portion of the output character.

According to the image processing including no

15 jaggy correction, the quality of the recorded character is
poor as may be seen from FIG. 13 since the jaggy portion is
generated at the oblique line portion. As shown in FIG. 14,
the dots are arranged in a stepped manner at the obligue line
portion, thereby forming transition points A, B and C. As a

20 result, a step difference amounting to at least one dot is
generated at the transition points A, B and C, to thereby
deteriorate the quality of the recorded character. In FIG. 14,
reference numerals "45" to "52" indicate arbitrary dot (or
pixel) positions.

25 Next, a description will be given of a first



correction of an oblique line having an inclination of 1/4 for 5 first and
second cases. FIG 16 is a diagramfor explaining the first enbodi nent of
t he j aggywoanes«mwvicdon of the oblique |ine having the inecCiraatioanoas7 1/4 for
athird case. FIGS. 17A and 17B are diagrans for explaining the first
enbodi ment of the jaggy correcti on~@$-the oblique |ine having the 10

inclination o r.fourth and fifth cases th C are
di agr ans ?H?D dfelﬂ? i r?l%naﬁ?h%a??% SRS Heﬁ?‘plfﬁ'eéasjen ]’%ﬁg‘y 5{995251?? n of an
oblique line having an inclination of 1/2. FIGS. 19A and 19B are di agrans
for exply rﬁeﬁ&rﬂfﬁé‘gf £PsF L@frbothhemroseht A8B} aghice ork¥etingn 16F ake15
oblique line having an inclination of 1/1. FIGS. 15A through 17B show cases
wher e t hedimarsars fof dwpsainind rgia He rsttr gainghdiheme dfethbeeratbg two st epped
transition portions is four, that is, the inclinationis 1/4. FIGS. 15A

t hrough IR rshewohhefdah abrbongensEme abvihg abl igeri R0 ilomefporui eerso as
to explain the different jaggy corrections. |In FIGS. 15A and 15B, snall

i nk deopseisralhqdatsbnaakesadded o hleank RogtLQASH alot REhBAASHEI on
point. That is, the periphery of the stepped transition portl on of the

d 25
For med brﬂﬂd%%étf%%v%ﬁ%g%e & 0 bHE PRETEEEe 7O e 30641 o00s6s

PN SP200Y SOST B PEELL O oL Uan e, per phery of 'yt spped
17A and 17B are diagrams for explaining the first embodiment
of the jaggy correction of the obligque line having the

10 inclination of 1/4 for fourth and fifth cases. FIGS. 18A
through 18C are diagrams for explaining the first embodiment
of the jaggy correction of an oblique line having an
inclination of 1/2. FIGS. 19A and 19B are diagrams for
explaining the first embodiment of the jaggy correction of an

15 obligue line having an inclination of 1/1.

FIGS. 15A through 17B show cases where the number
of dots forming the straight line between the two stepped
transition portions is four, that is, the inclination is 1/4.
FIGS. 15A through 17B show the dot arrangement at the oblique

20 line portion so as to explain the different jaggy corrections.

In FIGS. 15A and 15B, small ink drops (small dots)
are added to blank portions at the transition point. That is,
the periphery of the stepped transition portion of the dots
forming the contour portion of the character and/or graphics

25 are formed by dots having a smaller size than the dots forming



drops (small dots), so that the periphery of the stepped 5 transition
portion of the dots form ng the contour portion of the character and/or
gr aphi cs wpeodsmonssd by dots having a snaller size thanPChaP2ios/e07er m ng
portions other than the periphery of the stepped transition portion. In
FIGS. 17A and 17B, small ink drops {8%all dots) 10 are added to bl ank

ti t .t.he t iti i nt i t | b Il ink
(i ops ( SBIT Q00 Fhaf A1R. CoF (e IBRor) Bt RESSiehaed Craialt fon

portion of the dots formng the contour portion of the character and/or

gr aphi cs P& ormed by dots having a smaller size than the dots formng 15
portions other than the periphery of the stepped transition portion. In

FI GS. 15A through 17B, FD&5 t&r ouggueDsRtsndirearepleded dot smovllpiixdgl )
position, and "D'" is omtted for the sake of conveni ence when the dot

posi ti on dogsndiseateddwts hj nsd heha20 thet peThphsaprecflegignaddppas Wi | | be used
in the subsequent drawings. In other words, in the first case shown in

FI G 35A 428 t0bhgbBakh ¥n b ank, doic RO$LENOAS THE andtk Bl Rt-+tiRg operi phery

of the transition point (stepped transition portion) 25 are added with a

_Sgg' : aﬁ'Ott a‘@h%ga%tég%{uﬁ?oéiqﬂfaﬁﬁl%ts %E% ¥\9ﬁ1%884}é]§80c905c633 hﬁa%/nép 003/ 007487
ge dot's formng the poftions other thant periphery“of the
SLePPed Ly Ll 90, ROLEL 8N ence, e bl apk g0l Jaa, & wilie gt post i ons
periphery of the stepped transition portion.
In FIGS. 17A and 17B, small ink drops (small dots)
10 are added to blank portions at the transition point, and image
dots are replaced by small ink drops (small dots). That is,
the periphery of the stepped transition portion of the dots
forming the contour portion of the character and/or graphics
are formed by dots having a smaller size than the dots forming
15 portions other than the periphery of the stepped transition
portion.
In FIGS. 15A through 17B, D45 through D52 indicate
the dot (or pixel) position, and "D" is omitted for the sake
of convenience when the dot position is indicated within the
20 dot. The same designations will be used in the subsequent
drawings.
In other words, in the first case shown in FIG. 15A,
the originally blank dot positions D46 and D51 at the
periphery of the transition péint (stepped transition portion)

25 are added with a small dot having a smaller size that the



data. As a result, the small dots (small ink drops) are 5 recorded at the
originally blank dot positions D46 and D51 at the periphery of the stepped
transi ti owopossioess3 | n t he second case shown in FI G 15BCTURZ0IMEME7 dots
are recorded at the originally blank dot positions D45, D46, D51 and D52
at the periphery of the stepped tran8Ption 10 portion. In the third case

shown in f%#%ﬁzkgﬁggggrﬁgg e%?%t oré%g%s %%%énggaanghéiﬁ%fﬁﬁﬁggiwﬁgriphery of

t he steppe

Iron por are converted into s ch are

smal l er than the Iar%g dots, formng the %ortions ot her than 15 the stepped

transiti onSorPERd

ARBLCIPR RA'GE ot HEREE - athe theHotdPosritrors D47,

D48, D49 and D50 are converted into snall dot data. As a result, the small
dots (sneiie idekk doeps)onare4 s et dod afret henvergethalnip |smedé detige dot

positions D47,

D48, D49 and D50 at the periphery of the stepped transition

20 porti aiata.n tAlseaf oastibht caslee shadl. idotBl Gsmd YA, idhelrayd)giagal | y bl ank dot

positions D45,

D46, D51 and D52 at the periphery of the stepped transition

portien afeadded aw theaorsgald1dotblhav agtapssdtl &fs I4€ dhkabsthge!l arge
dots formng 25 the portions other than the periphery of the stepped WO

2004/ 0005@%&%‘{/{%5%%%3690&4@78@@3& ntggﬁgg%:g_)?%&gcgﬁ%_ and further, the

i mage dots
are converted
form ng

. 0 at the periphery o e stepped transition portion
intogmall dols, IhiGh 248, 8Meh! et hat the, J argg, dots

dots are recorded at the originally blank dot positions D45,

D46, D51 and D52 at the periphery of the stepped transition

10 portion.

In the third case shown in FIG. 16, the image dots

D47, D48, D49 and D50 at the periphery of the stepped

transition portioﬁ are converted into small dots which are

smaller than the large dots forming the portions other than

15 +the stepped transition portion. Hence, the large dot data at

the dot positions D47, D48, D49 and D50 are converted into

small dot data. As a result, the small dots (small ink drops)

are recorded at the originally large image dot positions D47,

D48, D49 and D50 at the periphery of the stepped transition

20 portion.

In the fourth case shown in FIG. 17A, the

originally blank dot positions D45, D46, D51 and D52 at the

periphery of the stepped transition portion are added with a

small dot having a smaller size that the large dots forming

25 the portions other than the periphery of the stepped



the portions other than the stepped transition portion. Thus, 5 the small
dots are recorded at the two blank portions (D45 and D46, and D51 and D52)
and one iwageoqpopiedon (D47 and D50). In the fifth case ®owmaos0rkes 178,
the sane conversion is made as in the fourth case shown in FIG 17A, and
in addition, up to two dots forming-¢he stepped transition 10 portion are

converted into.small dots. FI 7B.sho a case er he _t L mage dots
D48 and nasrléCl(O:f)ln 8rtedy n%ntc)é{ s%la%herdo }sl? ae(%Ieef(:‘{(I)gr]':es, %él?csipgy\ﬁabt%gt he
first through fifth cases described above, the step difference at the
transiti gn€ PSTEBRALY (S epied 19RRRS (FBRSPbEPT AT FIOT édGc&anF§TFRRor di ng
the small dots, and a relatively snooth oblique |line portion can be

recor ded igvicelsipaby €hes doric ranmgemediert Seat . the ladwiet idons, formindie case
of the ink-jet recording, the ink spreads when the ejected ink hits the

r ecor di ng:-hreedhiouttni ovbr etver , thire rtHehe tiepke Ot tisesh fias tHoetdye . asThile, mai n
conponent, even when the jaggy correction is nade by the dot arrangenent

descrbedrabewgi 1t Bets COAL OtcoIReL RRESEe MBYo del 811 YAke owhenphhiesidk-j et
recording is nade on plain paper due to the feathering. However, the

St et Mg g S0 oo s ed avov

and used 1n'th ment. I'n other

PCT/ JP2003/ 007487 -62_the_effects of . reduci he j_ag portion by the
jaggy correction whi'ch™fs™hade %S KBt l%?ﬁ%%}gg]rje%"rt %@s@?ﬁﬁed above can

be mai ntai ned even when the ink-jet recording is i
conversion is made as in the fourth cdase shown in FIG. 174,

and in addition, up to two dots forming the stepped transition
10 portion are converted into small dots. FIG. 17B shows a case
where the two image dots D48 and D49 are converted into small
dots.
Therefore, according to the first through fifth
cases described above, the step difference at the transition
15 point (stepped transition portion) i1s reduced by recording the
small dots, and a relatively smooth obligue line portion can
be recorded solely by the dot arrangement itself. In addition,
in the case of the ink-jet recording, the ink spreads when the
ejected ink hits the recording medium. Moreover, when the ink
20 used has the dye as the main component, even when the jaggy
correction is‘made by the dot arrangement described above, the
contour smoothness may deteriorate when the ink-jet recording
is made on plain paper due to the feathering. However, the
feathering can be suppressed by use of the ink which is

25 described above and used in this embodiment. In other words,



made on pl ai n paper, because the ink used in this enbodinment 5 effectively
suppresses the feathering. The ink used in this enbodi nent reduces the

f eat her i g 2baroodds@ bl eedi ng does occur slightly. But tRCE/JPHilos/gimsbl eedi ng
snoot hens the contour portion by snoothly connecting the adjacent dots, to
make the jaggy portion even 10 | ess-&bnspi cuous. Consequently, owing to the
phenonmenq peculiar to the jnk-jet recording and the phenonenon peculiar,
to the i ik uSEdSFRSt Af sSTRRHORIENE IR sPRBsLeHIRY ttd's d66Fd a  snoot h
oblique line portion in which the jaggy portion is virtually inconspicuous.
15 The i m&bneatiion VvBiah 419 gradendycaSesdshomrrangdmeaes. dessaibadough 17B.
However, the jaggy correction nay be made simlarly with respect to other

i ncli nat iadmse icacl bdi ngidtdinedl/dvenr wheasthanthlevest wddorbdeapeeks to obl i que
| ine portions which are mrror inmages of the above or rotated by 90 , 180,

20 270 omadRe ohi KeaiNexiped desGhiset kan whkl bes given of saneasgembere the
nunber of dots formng t%e straight |line between two stepped transition

porti ens Jd& Wyt hat ;) ld quel Lhe, has an inclination of 1/2. 25
FI GS. ”18A t hrough {i8cu%;$ree§ | ag%&%o?h%xgﬁl%i ni ng WD 2004/ 000563

PCT/ JP2003/ 007487 -63 the first. enbodi ment ,of the |j rrection of the
oblique Iine havinah?hﬁﬁ%rﬁﬁﬁ ati on—8f © %@lW@ﬁﬁ1§4§¥£%én%%? of dots

formng the straight |ine between two stepped transition
feathering, but the bleeding does occur slightly. But this

slight bleeding smoothens the contour portion by smoothly
connecting the adjacent dots, to make the jaggy portion even

10 less conspicuous. Consequently, owing to the phenomenon
peculiar to the ink-jet recording and the phenomenon peculiar.
to the ink used in this embodiment, it is possible to record a
smooth oblique line portion in which the jaggy portion is
virtually inconspicuous.

15 The inclination is 1/4 for the cases shown in FIGS.
15A through 17B. However, the jaggy correction may be made'
similarly with respect to other inclinations, including 1/3,
1/5 or less, and even with respect to oblique line portions
which are mirror images of the above or rotated by 90° , 180° ,

20 270° or the like.

Next, a description will be given of a case where
the number of dots forming the straight line'between two
stepped transition portions is two, that is, the oblique line
has an inclination of 1/2.

25 FIGS. 18A through 18C are diagrams for explaining



points Dand Eis two (that is, the inclination of the oblique 5 1line is
1/2) as shown in FIG 18A and two snmall dots are added to the blank

porti ons WO 20éunosisdpped transition points D and E, thePpirarenogogmusd ity of
the image at the stepped transition oints D and E cannot be inproved as
shown in FIG 18B because the snarTﬁgots are added at the sane positions

as the i %g 1 gOtm? {&gn pqupbllgéy %%ngéc {gg if“the %Wﬁggﬁé dots are

added to jace ranst tion po nce, "a range in t he smal |

dots are added is limted to one pixel before the tr ition t hat
is, the Ii@epeRVeRIdbRe ek tioTons Fégs CRESR (The RDEE OF EBJE% 15

fornlng the straight Iine between the two stepped transition portions, as
shown i n fAr@ing8the Astpai@siulting foeityeppssvel steprrdbiraing 14408bl i que |ine
with the inproved jaggy even when the inclination of the oblique line is
1/ 2. Nextpoiatdebcah@tkohs wiwd {Ihati ven theairzasimanhienre of2@hehebhiader of
dots formng the straight |line between two stepped transition portions is

one, thatyiing, ithe,/obliguendinen has anghnghéngbd 0l Hoks EFESaad&A and
19B are diagranms for explaining the first enbodi nent of the jaggy

nunber L%%&t 804700 sEkS ST P06 6074 - 64t SraTag PheStra ght
el i nat (515 BFSERESCBIT Hues (e o 17B8) * et hf ch T PG TR hd sl |
dots are added to t he
points D and E cannot be improved as shown in FIG. 18B because
the small dots are added at the same positions as the image
10 dots forming the obligue line, that is, the small dots are
added to the adjacent transition points.

Hence, a range in which the small dots are added is
limited to one pixel before the transition point, that is, the
number of dots is set to one less than the number of dots

15 forming the straight line between the two stepped transition
portions, as shown in FIG. 18C. As a result, it is possible
to obtain an oblique line with the improved jaggy even when
the inclination of the oblique line is 1/2.

Next, a description will be given of a case where

20 the number of dots forming the straight line between two
stepped transition portions is one, that 1s, the obligque line
has an inclination of 1/1.

FIGS. 19A and 19B are diagrams for explaining the

first embodiment of the jaggy correction of the obligue line

25 having the inclination of 1/1. When the number of dots



bl ank portions at the stepped transition points as shown in 5 FIG 19B, the
smal |l dots formthe sane oblique line which is fornmed by the inmage dots to

t her eby iworeawmwoicne wi dth of the |ine. Hence, no snal lPCdaP30an@4sided in
the case of the oblique Iine having the inclination of 1/1, because the 10
stepped transition points are contin@éus fromthe beginning. 1In other

wor ds, when_t.he inclination of.th blique line is .1/1, the jaggy is
inconspidﬁﬁﬂgpgé§ etﬁgrgﬁggﬁe%l??gﬁ%ﬁ?ﬁ%n%wﬁoFgF%%%dréﬁ&?%% dency of
being relieved due to the spreading of the ink and the slight _bleeding of
the ink (REPTS15St Pt HERRRKIT et thedddilRgGtiTher et BRR, OB HEUSUABBE 8F dots
formng the straight |ine between two stepped transition portions m nus
one is set/ldqaal showrpein. FAS- alsuld smatlli dotpossée biddad tor éhent t he
undesirable effects of the jaggy correction carried out with respect to

t he obl i quieardk perhdvnegat26ht hetépedd natnentobn 1pdinBy Helsdetwvhngnt he | aggy
correction nethod depending on the inclination of the oblique Iine

portien, pig.i 99ROSEhBl Bmal® @bVRYSiEahez8aR8 P15 1:389Y%,HGehr €6t on
which will not nmake the lines or characters fat or make the jaggy nore 25

2004] 000583 Ber PS03 0746 °% 05 of ‘CRE obl T AUE T i TSt aur g t hes

inclinati%ps such as 1/1, 1/2 and 2/1. In other words, the dots in the
peripherf‘@ﬁ‘the

Hence, no small dots are added in the case of the

obligque line having the inclination of 1/1, because the

10 stepped transition points are continuocus from the beginning.
In other words, when the inclination of the obligque line is
1/1, the jaggy is inconspicuous, and the stepped transition
portions have a tendency of being relieved due to the
spreading of the ink and the élight bleeding of the ink used

15 for the ink—jet recording. Therefore, the number of dots
forming the straight line between two stepped transition
portions minus one 1s set equal to zero. As a result, it is
possible to prevent the undesirable effects of the jaggy
correction carried out with respect to the oblique line having

20 the inclination of 1/1.

By selecting the jaggy correction method depending
on the inclination of the oblique line portion, it is possible
to always realize an optimum jaggy correction which will not
make the lines or characters fat or make the jaggy more

25 conspicuous by the addition of the small dots even in the case



stepped transition portion are converted into dots having a 5 smaller size
than the dots formng the portions other than the stepped transition
portion, wWodomojeaggy correction nethod is changed depemdegs/ommighe

i nclinati-on of the contour portionoﬂéinclination of the stepped transition
portion). That is, a method for com®rting the dot data into dot data of

smal ler 1 ts . a thod for. formn r ts, LS.se

di fferentqofy%g‘eepg%?ﬂbleongl?%se k|1arYC nlgng Fogﬁnéﬁ?%g%s S:psﬁlcejc %tsr %Z%i’tli{)%
portion, so. that an optinmum jaggy correction is carried out depending on
the incligi&t i%dr-and t he picture quality of the inmage is inproved. 15 Next,
a description will be given of the method of formng dots in the periphery
of the stepped trangnt poher pertdson téed draei A Bheneeyiahesivzett BhA t he dots
in the portions other than the stepped transition portion, that is, the
met hod ofstegpeer ttirags L heodap@rtiintro adet cdatvaroéd datiso kbwisngav2gt e smal | er
size. In the follow ng description, the term "small dot" in the periphery

of the steppedtsansi thon PR tdAR fosmisgdthe pEaRidhabthle $hig ofiethe dot
is smaller than the size of the dots at the portions other than the

dot For ms By ATt kv an e 2004} D00SE e TER003 00T IS b6 A
ot s or TRITHET G ERRIGBY << by Tha "oardr -5 & FIG CH0 %G S ALAgham Showi ng
a w ndow which is .y : .
(inclination of the stepped transition portion). That is, a
method for converting the dot data into dot data of smaller
10 dots or, a method for forming the smaller dots, is set
differently depending on the inclination of the stepped
transition portion, so that an optimum jaggy correction is
carried out depending on the inclination and the picture
quality of the image is improved.
15 Next, a description will be given of the method of
forming dots in the periphery of the stepped transition
portion and having a smaller size than the dots in the
portions other than the stepped transition portion, that is,
the method of converting the data into dot data of dots having
20 the smaller size. In the following description, the term
"small dot" in the périphery of the stepped transition portion
is used to mean that the size of the dot is smaller than the
size of the dots at the portions other than the stepped

transition portion. Hence, the "small dot" is not limited to

25 a dot formed by a small ink drop.



used for the pattern matching of a dot data conversion process. 5 FIG 20
shows a mx n wi ndow having m pi xel s arranged horizontally and n pixels
arranged wer2ois«mbiep. In the follow ng description, it PSTABRIWHBE48Dr t he

sake of convenience that the window size is mx n =5 x5, that is, m =5
and n = 5 as shown in FIG 21. FIG~29-is a diagramfor 10 explaining a
wi ndow si ze used fo version o) font data is
devel oped into the %”%Q%%P% xﬁﬂ%ﬁ%{‘ﬁ%&ph@n Sled%gver “The bit- map

data indicates the dots formng _the font. ma data i ndj cating the
font dat é“e%dl ?QSGE} eBF et e RiePh ﬁﬁ? ‘?1? URAS BF £hE wi ndow
descri bed above, for each bit. A description w II be given of a pattern

mat chi ng Sﬂmldcél§§s(doFI@at%10 denverdsieginapr 6Be¥E)J cartinstpwouiiby dhe printer
driver 101A, by referring to FIG 22. FIG 22 is a 20 flow chart for

expl ai ni ngpetch€opat-her pata¢chimg:gPriocess fddbt data comesrssioanppboesss). |t
is assuned for the sake of convenience that the small dot is fornmed by a

smal | 5i nkedy 0po Bhb&k, adm St &P WShdet %a@i1hgr gepipexelariRodqega start  of the
font data. A step S2 acquires the bit-map data of the 25 font data

correspo i 20 563
PCT/JP208%%%7%g%&ﬁ-96%h&?ﬁ?l}%&ésgr?%gbggnggﬁgg%a%e WQ%%%@ Hence, the

SS?UIredfgylow1n8 ggggr%ﬁ L%?poqg%st%sgﬂgega% uQ&ﬁ%Q %p 5Xx5 =25
convenience that the window size is m x n =5 x 5, that is, m
=5 and n = 5 as shown in FIG. 21. FIG. 21 is a diagram for

10 explaining a window size used for the dot data conversion
process.

The font data is developed into the bit-map data by
the printer driver 101A. The bit—-map data indicates the dots
forming the font. The bit-map data, indicating the font data,

15 is subjected to the pattern matching in units of the window
described above, fér each bit.

A description will be given of a pattern matching
process (dot data conversion process) carried out by the
printer driver lOlA, by referring to FIG. 22. FIG. 22 is a

20 flow chart for explaining the pattern matching process (dot
data cénversion process) . It is assumed for the sake of
convenience that the small dot is formed by a small ink drop.

First, a step S1 sets a target pixel TP to a start

of the font data. A step S2 acquires the bit-map data of the

25 font data corresponding to the window, by using the target



Thereafter, a step S3 carries out a pattern 5 matching by conparing the
acquired bit-map data (pattern of the acquired data) and a predeterm ned

r ef er encewoabp@/00036af er ence pattern) which is used to adecrhe®saémsdot or
to replace the dot by the snmall dot. A step S4 decides whether or not the
conpared patterns match. The processéadvances to a 10 step S5 if the

decision result_in the step, 4 i ES, .,and the rocess advances to a step
S5 1Tt SEoS G061 CTRCT Y St ISR vs NeFhThe St S8 IGeter at o5 t he
smal | dot data for the target pixel TP, so as to replace the dot of the
target piet-maps dpbaj fesreseCRMaI O dde CsiFal POPHREERSES P thids=paPti cul ar
case). The process advances to the step S6 after the step S5. The step S6

noves to @text target pixel TP. In addition, a step S7 deci des whether or
not the target pixel TP is the end of data. The process returns to the

step S2 if the 20 deeirskebefpsalldtdy IheastrepsSdut Sa NAt1&QAS t o repeat
the pattern matching until the end of data. On the other hand, the process

ends &f the d86iSikon cbRsktind ntﬁ@eac%fu%&egﬁb&%—a@é-dat'ﬁre(tp%rd&fe%ﬁse\;hom in
pr xel ata.

FIG 22 may treat One pixel as a 1l-byte data or, a 1-bi en

érat: y Lﬁgun " 650 o %ﬁfﬁ%%&%&iﬂ%%?%é%&%%%%el iaéﬁgsf "o the
, . asu SRR
e rod (25 FOBRESCRE CHATE RRBICiTG 60 25 ABTSCIam Fo8 BYL 68 are

required if the ,
replace the dot by the small dot. A step S4 decides whether

or not the compared patterns match. The process advances to a

10 step S5 if the decision result in the step $4 is YES, and the
process advances to a step S6 if the decision result in the
step S4 is NO.

The step S5 generates the small dot data for the
target pixel TP, so as to replace the dot of the target pixel

15 TP into the small dot (small ink drop in this particular case).
The process advances to the step S6 after the step S5.

The step S6 moves to a next target pixel TP. In
addition, a step $7 decides whether or not the target pixel TP
is the end of data. The process returns to the step S2 if the

20 decision result in the step S7 is NO, so as to repeat the
pattern matching until the end of data. On the other hand,
the process ends if the decision result in the step S7 is YES.

The process shown in FIG. 22 may treat one pixel as
a l-byte data or, a 1-bit data. When treating one pixel as a

25 1l-byte data, 25 bytes are required to represent data amounting



target pixel TP is to be excluded fromthe representation. 5 Hence, the
anmount of data to be processed is small when one pixel is treated as a
1-bit datwp 20000368 requi red nenory capacity can be rescTrda2msdotise
processi ng speed can be inproved in this case. The original font data may
be represented by 0 10 (bl ank) or 28%-(print data) as in the case of the
bit-map data or represented by 0O (blank) or 1 épri nt datﬁ%e as in the case
of bi-| evel 2@adets | nOsuchecasber hand hevlipar A RAAFREL PRY RHEE. Sl dot i s
once converted into O (blank) or 255 (print data) when generating the data
of the spabltddita t keldattabiytsel frdSréqritiasy toheeprapndadataor font may be
repl aced by the data (for exanple, 85) representing the small dot. Wen

processi pouthenPridizralackent agdat anlP"3 aneteslarasreheyrad el £ atsepar at e
menory (menory for the small dot data) having the same size as the font

data may avi ded, epdatcldded e¥@S QAL REp20séheapidmt data may
be generggg%g%tfﬂt%el Egg:l%l t([):% \?%elraect hee smal | dot iIsJ tso be added.

I
Therefore, it is possible to for j | in i the.l gyoved | aggy
by pri nt FRGCE he™ SO it §faﬁ8%?glégn}f%%feo 5es? ?ﬁ tgﬁ%f%or mer case where
the font data is fornmed 25 by the data indicating the sgall dots and the
g getter ate

| ar ge doPEX9D 29047 TFIES6 3 SPETLTP26037 67 48 EHarar ey X he pattern

matching, and in the latter case where the font data is formed by the
bi - | evel cdptaity eaw b redumcedhandnile REIGESHAS FRCBH §?ﬁa1?e bi -l evel data
(0 and 1)

improved in this case.
The original font data may be represented by 0
10 (blank) or 255 (print data) as in the case of the bit-map data
or represented by 0 (blank) or 1 (print data) as in the case
of bi-level data. In such cases, if the data indicating the
small dot is once converted into 0 (blank) or 255 (print data)
when generating the data of the small dot, the data itself
15 forming the blank data or font may be replaced by the data
(for example, 85) representing the small dot. When processing
the original font data "0" and "1" as they are, a separate
memory (memory for the small dot data) having the same size as
the font data may be provided, and the data "1" representing
20 the print data may be generated at the position where the
small dot is to be added.
Therefore, it is possible to form an oblique line
with the improved jaggy by printing the small dots and the
large dots, in the former case where the font data is formed

25 by the data indicating the small dots and the large dots



for the original data. 5 In addition, by using the 5 x 5 wi ndow and the
reference pattern, it is possible to judge whether or not to replace the
bl ank andwOheodvegs@ dot into the small dot in a range WCTHPRZIOBMMY48I0L S
about the transition point. For exanple, when the reference pattern shown
in 10 FIG 23Ais used, it is possipfe to replacethe dot (data) at the

pi xel pos ot...pQsit] QE? he shown |n FI G 24.
When the (#éer#egjr}éc%geh % %gg%%%%én &E} iggal S usedlastit i S p055| ble to
repl ace t e dot t t he |er oSiti ( OSI tio D47 into the
smal | dot" ﬁr}j‘%/n% aF?GlLS %yt ﬁé r@tef (r(9 a8Aowh in FIG
23Cis wused, it is iosm ble to repI ace the dot (dat a) at t he pi xel

posi ti on fdotthgosmeildnfobagandgtigne reigiapl Borlaseshis i (@ BRG 1) 24. FI GS.
23A through 23C are diagrans showing different reference patterns used by

t he patt efor néechirngipabcéssa. and 20 FIG 24 is a diagramfor explaining a
dot data conversion of the pattern matching process. For exanple, if the

targes pixel TP is kacatiedtadna blaisip@Sithbop Pesipiddey patd e shown in
FIG 24, the transition point is outside the w ndow and the transition 25

poi nt Ca”ﬁ’é?ﬁ e depeeted, For fdi €83ANL ot NG GOt 1EOANVES §
2004/ 000563 PCT/JP£23003/ 0%'7487 7% Sr ocessocgﬁ %g carrleed out °'n The range

anount i ng_t wo . dot i Ci f.(th ce to) t he
transiti 8rn gmcrelt tg %‘—ﬁng & g l?ﬂ |§°Eo’tn§‘? théat Hta{%g 8t posftion De,

t he
range within two dots about the transition point.

For example, when the reference pattern shown in
10 FIG. 23A is used, it is possible to replace the dot (data) at
the éixel position (dot position) D45 into the small dot as
shown in FIG. 24. When the reference pattern shown in FIG.
23B is used, it is possible to replace the dot (data) at the
pixel position (dot position) D47 into the small dot as shown
15 in FIG. 24. When the reference pattern shown in FIG. 23C is
used, it is possible to replace the dot tdata) at the pixel
position (dot position) D48 into the small dot as shown in FIG.
24. FIGS. 23A through 23C are diagrams showing different
reference patterns used by the pattern maﬁching process, and
20 FIG. 24 is a diagram for explaining a dot data conversion of
the pattern matching process:
For example, if the target pixel TP is located at a
dot position De in the pattern shown in FIG. 24, the
transition point is outside the window and the transition

25 point cannot be detected. For this reason, the dot conversion



size of the window and the size of the reference pattern 5 should be set to
7 x 7 pixels. In other words, by enlarging the sizes of the wi ndow and the
r ef er encewpane#nje3i t becones possible to detect the trargPrioanopsi nt of
the oblique line which is close to horizontal or vertical, and to add the
smal | dots depending on the inclinapion of the oblique line, so as 10 to
optim ze the picture quality of the oblique line. O course, the sizes of
t he wi ndpwoeers tdee heefcaraned patter Fhg £ange PMATREHRE ot hoke @&Scri bed
above, and nay be determ ned depending on the extent to which the

r epl acenent th® tihesingl lofddthatsis o duk ammoe diod whet heansitimt pp3ntthe
processing tine is quick enough to cope with the printing speed. Because

the amoupheRfadaldy o demeonpapedabyo the tHRaldodr PoBBt CHh MY Progess
i ncreases as the sizes of the window and the reference pattern increase,

the time.teguif il LAl AUl chiCs DAL LA LATALERLDE,PEOGRESANCT CaSES as

the sizes o 0 w ndow and the reference pattern increase. Hence, from
t he oi nf of .view aof reguci g_the processing time, it _js gfs'. %{e for
. b ek
t he §?ze§£%#14rﬁﬁ\ﬂ%%m§ﬁ nd ?h€l§%+%re§§%Cﬁ%%?éﬁﬁrgFé gn% = 451 he ot her
hand, the nunber of dots in the vicjnit of the trﬁnsition oint and to be
conver t e@he ntEehe sl wa59gHt 8nf sthfet D80G PAERET R ctur S ty of
the character WO 2004/000563 PCT/JP2003/007487 -71 obtained by the jaggy
correct i pnssiher efordgtadt ithenscapshrion meiger efnithe PREIGH? | AR si zes of
the wi ndow and the reference pattern based on the processing speed and the
picture guathtys close to horizontal or vertical, and to add the small
dots depending on the inclination of the obligue line, so as
10 to optimize the picture quality of the oblique line.
Of course, the sizes of the window and the
reference pattern are not limited to those described above,
and may be determined depending on the extent to which the
replacement to the small dots is to be made and whether or not
15 the processing time is quick enough to cope with the printing
speed. Because the amount of data to be compared by the
pattern matching process increases as the sizes of the window
and the reference pattern increase, the time require to carry
out the pattern matching process increases as the sizes of the
20 window and the reference pattern increase. Hence, from the
point of view of reducing the processing time, it is desirable
for the sizes of the window and the reference pattern are
small. On the other hand, the number of dots in the vicinity

of the transition point and to be converted into the small

25 dots is determined by the picture quality of the character



of the character. 5 According to experinents conducted by the present
inventor, it was found that a sufficient inprovenent of the picture

qgual ity oWother/®hmsact er can be obtai ned even by addi n@CT/Je200B/e6/98% mal |
dots, because in the case if the above described ink used in this

enbodi nent, the jaggy between the-IQ-adjacent dots is reduced by the
spreading of the ink. Furthernore, it was also found that a sufficient

i npr ovewbiieinefl bhetlpe abra® MPrEEEEHCtan PeobtUSredt afd™thaT 3 Y hr oughput
of 10 PPM or greater is obtainable. Thus, the wi ndow size is_preferably
set t0 Mo<détermbns The IGoiiem tsheepr of esbe nglrnprednd dhet KeLeF#R%e t hr ough
fifth cases described above in conjunction wwth FIGS. 15A through 17B are
conpar ed,, +t-RePHeSESSbRO-8PaRb e stihg Epséesind fidre thietiresugdsey shown in
FI G 15A, and the processing speed decreases for the second case shown in
FIG 15B,_t t hi case shown in FIG 16, the fourth case shown in FIG
17A andOftﬁE%fFP%%ggégg'shomn in FIG 17B in this order. The processing
speeds becone as descri hed above e L LSt ases only
need®to carry out gﬁgor é??ég%Eﬁ%?%ﬁ?%%“%r8%§§%£3%§#”?ﬁg“f§?§§§“§ixe| TP is
bl ank, 25 and the third case only need% to.caﬁr. out gﬁglp%%tgﬁg WO

2004/ 000863TRCT/, J PROBSF 00738 tham angEEATAYCPF otBRCTHER T he (arget pi xel
TP is an inage dot. On the other hand, the fourth and fifth cases need to
carry outictiire patfecy edt the g aReeEess CafeRet AR HYEIEH™XEY TP is the

adding 7 or less small dots, because in the case if the above
described ink used in this embodiment, the jaggy between the
10 adjacent dots is reduced by the spreading of the ink.
Furthermore, it was also found that a sufficient improvement
of the processing speed can be obtained, and that a throughput

of 10 PPM or greater is obtainable. Thus, the window size is

A

preferably set tom = 7 or n 7.

15 When the processing speeds for the first through
fifth cases described above in conjunction with FIGS. 15A
through 17B are compared, the processing speed is the fastest
for the first case shown in FIG. 15A, and the processing speed
decreases for the second case shown in FIG. 15B, the third

20 case shown in FIG. 16, the fourth case shown in FIG. 17A and
the fifth case shown in FIG. 17B in this order.

The processing speeds become as described above,
because the first and second cases only need to carry out the

pattern matching process when the target pixel TP is blank,

25 and the third case only needs to carry out the pattern



bl ank and al so when the target pixel TP is the image dot. In 5 other words,
the fourth and fifth cases need to carry out the pattern matching process
for all fwotodoesé3For this reason, it is possible to ecearmoshe48ont data
(print data) having the inproved jaggy at a high speed by adding the snal
dot only at the blank. Mreover, it/2s al so possible to create the font 10

data (prin ata)_ havin he | pproved jaggy. -a i addi ng the
snal | do?a%ﬁ€§n%IpY?ﬁ§§%%¥ EndBHB ﬁ %?%%ﬁgg%gsgﬁaﬁgrggthgﬁng%ﬁéscr|bed
processing speeds i s because the nunber_of required reference tterns
i ncr ease$her BRIERFNG stthadeurbharad thelt iFa E%S@EdvF%.??EFﬁSP cond,

third and third cases in this order, where the nunber of required

r ef er encéhpabéetasn irsa tdid ngapeofesst een edvndaguet phked BRskEs.then ot her
words, the second case requires a reference pattern for judging the second
bl ank i npaddikt 08 4Dso avHeaf ehencerpat tetixe etfuiirsedhninhee fdoist case, the
fourth 20 case further requires a reference pattern for judging a first

dot, @nd therfidils case faduthear ah8asL F85 @adsf eracecpabtey Nout athd udgi ng
t he second dot. Next, a description will be given of a pattern matching

process which_ad I t I t nk i in the
first angaggggﬁd‘g%%ésﬁ;l??gsﬁorcee gr ;f?%gé{%g chfrkC]it"3 &\7\&]0&2005/8%08%%% Fehsth,

T JP2008 O0TABT, .13 2 e Bl b AW STt Aotk gt
dot only at the blank portion. It is assuned for the s?kedo{ only at
improved jaggy at a high speed by adding the sma e} v
the blank. Moreover, it is also possible to create the font
10 data (print data) having the improved jaggy at a high speed by
adding the small dat only at the image dot.

Another reason for the above described processing
speeds is because the number of required reference patterns
increases from the first case towards the fifth case via the

15 second, third and third cases in this order, where the number
of required reference patterns is the same for the second and
third cases. In other words, the second case reguires a
reference pattern for judging the second blank in addition to
a reference pattern required in the first case, the fourth

20 case further requires a reference pattern for judging a first
dot, and the fifth case further requires a reference pattern
for judging the second dot.

Next, a description will be given of a pattern

matching process which adds the small dot only at the blank

25 portion as in the first and second cases, by referring to FIG.



conveni ence that the small dot is fornmed by a small ink drop. 5 First, a
step S11 sets a target pixel TP to a start of the font data. A step Sl12
deci des wWet2newooese3not the i mage data with respect to wPoa/JpPanoget74gi xel TP
is a blank data. If the inmage data with respect to the target pixel TP is
the font data (print data), the degi3sion result in the step S12 is NO 10
and the Erocess advances to a step S17 which w.l|l %g described later. On
the ot heF>hanBlCi 2% he dediloioRPREELFPT i FFRIFE-ENEp 18182 FESYES, the process
advances to a step S13. The step S13 acquires the bit-nmap data of the font
dat a cor mespbihuy ngreeessheldgitngowvebyiesi pigPades)t angeh pide| the smmllas t he
center of the wi ndow. Hence, the acquired bit-map data corresponds to the
dat a anodpti 6gl¥cad #hd bradk gotsioA. stEp iSkbscarerli €srotheasjat tef n

mat chi ng by conparing the acquired bit-mp data (pattern of the-acquired

data) andogveRiedel efpdnader efhan enast dad ardmefeeneespati erm awgeh is used
20 to add the small dot or to replace the dot by the small dot. A step S15

deci des whet her or h a e ; heoprgces égﬁances
to aqgtep S16 i f th@gggéigﬁgﬁﬂﬁeézﬁtggﬁé %E%as ep?%finngE%,gait t he

process advances to e step S17 _i he. deci si result in_the step S15 is
NO. 25 Tﬁg gﬁ%pj?@i% %%ﬁbr AloS Hesi%ra‘it“?c T° AT ORS: OF WO B004T 550563
PCT/ JP2003/ 007487 -74 target pixel TP, so as tq replace the dot of the
target pPRER WiFhjFeePedte tondhr 88FItsmtfe: i€ dop PhaRhi @hartitlul ar
case). The process advances to the step S17 after the step S16.

the image data with respect to the target pixel TP is the font

data (print data), the decision result in the step S12 is NO,
10 and the process advances to a step S17 which will be described
later. On the other hand, if the decision result in the step
S12 'is YES, the process advances to a step S13.
The step S13 acquires the bit-map data of the font
data corresponding to the window, by using the target pixel TP
15 as the center of the window. Hence, the acquired bit-map data
corresponds to the data amounting to 5 x 5 = 25 dots. A step
S14 carries out a pattern matching by comparing the acquired
bit-map data (pattern of the acquired data) and a
predetermined reference data (reference pattern) Which is used
20 to add the small dot or to replace the dot by the small dot.
A step S15 decides whether or not the‘compared patterns match.
The process advances to a step S16 if the decision result in
the step S15 is YES, and the process advances to the step S17
if the decision result in the step S15 is NO.

25 The step S16 generates the small dot data for the



The step S17 noves to a next target pixel TP. In 5 addition, a step S18
deci des whether or not the target pixel TP is the end of data. The process
returns twotzhev@vdp S12 if the decision result in the PCePgPBD0e798NO, SO
as to repeat the pattern matching until the end of data. On the other
hand, the process ends if the decisi’éan result in the step S18 is YES. 10
Therefore, the pattern matching is carried out onlLy  when the target pixel
TP i s t herrgeinkidslaTPangot Ag ’g? R3S thsofRt PETHRT TRTETt 475V t he
pattern matching if the target pixel TP is the print data form ng the
font. AsTR imsulithe tshellpdotesshall sigdedlbop iiﬁpﬁgvédp%’@w@eamdlaﬁ@t)ter n
matching is 15 carried out with respect to the print data formng the font.
The process sfwss BdvhGee25tanyhd readp @19 piftelr abe atdp I§itée data or, a
1-bit data. When treating one pixel as a 1-byte data, 25 bytes are

required to represefe @%teg amoUNLLES 4 G 2xd0ksrg@8 phgeDtTer hand, when
treating one pixel as a 20 1-bit data, only 4 bytes are required to

represent .data _ anountin o] : Ly b S ied if the
t ar get piagi((gjrt 7§ ;é%e egéécgﬁgle%% rs"g)hmt eroi&gpﬁgge%%gtif%%%{ %lr#céel, t he
anount of data to be processed s snmall when_ one ixel is treated.as a
1-bit datd, *and'q t‘?éldrgéufjfaga’rre VP AC Y "Ea Obgh?e%a%pe?azﬁ fftalhe
processi ng speed can be WO 2004/ 000563 PCT/ JP2003/ 007487 -75- inproved in
this casthe RgcisiamplresimiehnNatief ek ct Hdttt 8Pn FPsRBWHC i IFPFRG HS6A i s
used, and the font data at the pixel position D46

pattern matching until the end of data. On the other hand,

the process ends if the decision result in the step S18 is YES.

10 Therefore, the pattern matching is carried out only
when the target pixel TP is the blank data, and the transition
point is not detected by the pattern matching if the target
pixel TP is the print data forming the font. As a result, the
processing speed is improved because no pattern matching is

15 carried out with respect to the print data forming the font.

The process shown in FIG. 25 may treat one pixel as

a l-byte data or, a l-bit data. When treating one pixel as a
1-byte data, 25 bytes are required to represent data amounting
to 25 dots. On the other hand, when treating one pixel as a

20 1-bit data, only 4 bytes are required to represent data
amounting to 25 dots, aﬁd only 3 bytes are required if the
farget pixel TP is to be excluded from the representation.
Hence, the amount of data to be processed is small when one
pixel is treated as a l-bit data, and the required memory

25 capacity can be reduced and the processing speed can be



shown in FIG 26B is regarded as the target pixel TP, it is 5 possible to
repl ace the blank data at the pixel position D46 into the snmall dot as
shown i n WD@no2HGBecause the dot patterns of the referPerngepaniesn W and
t he wi ndow match. FIGS. 26A through 26C are diagrans for explaining the
pattern matching process shown in FI%&- 25. Hence, by using the w ndow 10
and the referen e.Ba% ern Wrespectively having the size of 5 x 5 pixels,
it is possitbie to'fu éésmﬁ%§%er or not to add the small dots in a range
amounting to two blanks in the vicinity of (that is, adjacent to) the
transition point. NERE, exa@eser | P WefErBeChi Rehtern &' pdrarar An 15

mat chi ng process which adds the snmall dot only at the font data (print
data) as H¥:.t 362t hisr dsedseandytheffamt dgteoafl Gre RikelFIpGsiZZonsDas6f | ow
chart for explaining a pattern matching process (dot conversion process)
whi ch replames 1ONFYGt heeBoné relpdmiddntae the saBdét deixell tTH s i@assyned for

t he sake of 20 convenience that the small dot is fornmed by a small ink

drop. 5 FigsdsiAeStePreBlasst end daldetiaRhxgh et A StRdirieh hhg font
data. A step S22 decides whether or not the inage data with respect to the

target pixal, TR, 811088 d 1, p9ata)sclf the | mge data with
Ho s nEeG R i e

respect to the targe I xel IS a a cision result in
advances T8 5 -0PepT SITeWTEFESIT] e A58 BEY. “Haremdoh TRE ot her hand,
if the decision result in the step S22 is YES, the process advances to a
st ep 523 FIGS. 26A through 26C are diagrams for explaining the pattern
matching process shown in FIG. 25. Hence, by using the window
10 and the reference pattern W respectively having the size of 5
x 5 pixels, it is possible to judge whether or not to add the
small dots in a range amounting to two blanké in the vicinity
of (that is, adjacent to) the transition point.
Next, a description will be given of a pattern
15 matching process which adds the small dot only at the font
data (print data) as in the third case, by referring to FIG.
27. FIG. 27 is a flow chart for explaining a pattern matching
process (dot conversion process) which replaces only the font
data into the small dot. It is assumed for the sake of
20 convenience that the small dot is formed by a small ink drop.
First, a step S21 sets a target pixel TP to a start
of the font data. A step $22 decides whether or not the image
data with respect to the target pixel TP is a font data (print

data). If the image data with respect to the target pixel TP

25 is a blank data, the decision result in the step S22 is NO,



The step S23 acquires the bit-map data of the font 5 data corresponding to
the wi ndow, by using the target pixel TP as the center of the w ndow.
Hence, thwoaoguion®d bit-nmap data corresponds to the daraTArmwsnéImgr to 5 x
5 = 25 dots. A step S24 carries out a pattern matching by conparing the
acquired bit-map data (pattern of -tbe acquired data) and a 10

predeterm ned reference data (reference pattern) which is used to add the
smal | dogn@rthe nuesescse adNang@es By 3 he-ahwdl’ §8ECh Wil &y $RFFdOrdes

whet her or not the conpared patterns match. The process advances to a step
S26 if theteeci Sirorthreestheri handhel §tEp 28 iisdoESesahld iheth® ¢E€Ps
advances to the step S27 15 if the decision result in the step S25 is NO
The stepsS26:geney ates phecessl hddatcsatm fostebes2sarget pixel TP, so as
to replace the dot of the target pixel TP into the small dot (small ink

drop in this parti Cl‘ﬂe@‘rst%%séks adf81 PEOCasS rRdVanReesats bheusd epng27 after
the step S26. 20 The step S27 noves to a next target pixel TP. In

addi td on step S28 ci des t t e i xel . i$ the end
of data. déi’ﬁ% %?%rcees Setdr ns Sté%gt gﬁ% e’p%%ééltsiggg t%hg %%)g?%s(tfeopnlx}gs&?t in the
step S28 is NO, so as to repeat .the attern_matchin til the end of
data. On2EhBhetIRdrtSrand, @5 Wﬁ%d%‘?’oce@%n%déﬁ’lef at:HBlg%‘gi TOAFRSAE in the
step S28 is YES. WO 2004/000563 PCT/JP2003/007487 -77 Therefore, the
pattern marcespepdss teaithicedasat 2BAPRLiRthe® the PargéP PP%®1 FPS$Pthe font
data, and the transition point is not detected by the pattern matching if
the targeR4 carries out a pattern matching by comparing the acquired

bit-map data (pattern of the acquired data) and a

10 predetermined reference data (reference pattern) which is used
to add the small dot or to replace the dot by the small dot.
A step $25 decides whether or not the compared patterns match.
The process advances to a step S26 if the decision result in
the step 825 is YES, and the process advances to the step S27

15 if the decision result in the step S25 is NO.

The step S26 generates the small dot data for the

target pixel TP, so as to replace the dot of the target pixel
TP into the small dot (small ink drop in tﬁis particular case).
The proéess advances to the step S27 after the step S26.

20 The step S27 moves to a next target pixel TP. In
addition, a step S$28 decides whether or not the target pixel
TP is the end of data. The process returns to the step S22 if
the decision result in the step S28 is NO, so as to repeat the
pattern matching until the end of data. On the other hand,

25 the process ends if the decision result in the step 528 is YES.



pi xel TP is the blank data. As a result, the processing speed 5 is inproved
because no pattern matching is carried out with respect to the blank data.
The procewe 28tucnwsedsn FI G 27 may treat one pixel as a Pcoypmosai7asor, a
1-bit data. When treating one pixel as a 1-byte data, 25 bytes are
required to represent data anounting710 to 25 dots. On the other hand, when
treating one pixel as a 1-bit data,. only 4 bytes are required tQ
represent data andlstriefgree 2Bedprstemmanadinyng byt earared rdtuiFed if the
target pixel TP is to be excluded fromthe representation. Hence, the
anount ofhéatiend gy eaessetpi ss sthed |fosiedadne a5dpikel tiagitdamed as a
1-bit data, and the required nenory capacity can be reduced and the

processi pg; speed (LA 28 o JERr Eﬁe{%‘hé npditereagechkay exanps esanfean a
reference pattern Wshown in |G 28A is used, and the font data at the

pi xel positi 6 0] I | G IS fiegargded i d ARl qpi Xel
TP, it i glzﬁ%}ggrlﬂgﬁies tt(%)ler ng%ggeagﬁg' I a%%gdBdf(ﬁ%uz%?'t Eggp%jsifé%%gi{fi on 826 into

the small dot as shown in FIG 28C because .t he.dot atte f, .t he
r ef erencés pHRE NG oite i HagWﬂ%t%%u?C%lﬁgeé? 5@5\9%%? 0%13?51 are

di agranms for explaining the pattern 25 matchi ng process shown in FIG 27.
Hence, byeseédy thethd kwge 804/ 000563 PCT/ JP2003/ 007487 -78 and the
reference pattern Wrespectively having the size of 5 x 5 pixels, it is
possi bl e to judge ittet eroamssnehovn teplEee 2bypayhérsatl PreadRs<$h &F range
anounting to two dots in the
a l-byte data or, a l-bit data. When treating one pixel as a
1-byte data, 25 bytes are required to represent data amounting
10 to 25 dots. On the other hand, when treating one pixel as a
1-bit data,. only 4 bytes are required to represent data
amounting to 25 dots, and only 3 bytes are required if the
target pixel TP is to be excluded from the representation.
Hence, the amount of data to be processed is small when one
15 pixel is treated as a l-bit data, and the required memory
capacity can be reduced and the processing speed can be
improved in this case.
For example, when a reference pattern W shown in
FIG. 28A is used, and the font data at the pixel position D46
20 'sh0wn in FIG. 28B is regarded as the target pixel TF, it is
possible to replace the large dot at the pixel position D46
into the small dot as shown in FIG. 28C because the dot
patterns of the reference pattern W and the window match.

FIGS. 28A through 28C are diagrams for explaining the pattern

25 matching process shown in FIG. 27. Hence, by using the window



vicinity of (that is, adjacent to) the transition point. 5 Next, a
description will be given of a second enbodinent of the jaggy correction,
by referrwogotsnobic® 29. FIG 29 is a flow chart for epprapeiosgo7aspattern
mat ching process (dot conversion process) of this second enbodi nent of
the jaggy correction. 10 In the jagg)s-correction described heretofore, the
dots are forned by two kinds of ink drops,. nanely, the large ink drop and
the smal BRRnkhar bpfemRRCaRIGTGRg Mt 5 PREST ARGy haé’d'rntgeépteo 1Z¢net ddts are
formed by three kinds of ink drops, nanely, a small ink drop and a nedi um
i nk dropxf orpingls heiﬂaSrmssi@dﬁsFOam@d@eI‘d’mjéieiml@rdmﬁ tor aempcshe | arge
dot. In FIG 29, it is assuned for the sake of convenience that the

bi t-map @gt ahei sdhTRtdGGs tihe f ephgdatacuntsnguby estcediotte thetpattern
matching in units of the window described above, for each bit. 20 First, a

step S31setgidytafoetnpi xel, HRikeearstay ttndfcddisifranh datac. A step S32
acquires the b|¥ map data of the font data corresponding to the w ndow, by

usi ng-t he target ' T t f t he acquired
bit- rr‘:ép dat a correspon 5 %o %éﬂﬁtggﬂaﬁ%hgt?%%%rg%wg E'%géﬁd% dots. WO
2004/ 000563 PCT/JPZ 3 007487 -79 Thereafter step S 3 out a
pattern SRRPERTRYT b a9y CRETSE h‘??edo%lzfe%ﬁfﬁl&gt ggé “of the

acquired data) and a redeterm ned reference data
FIG. 29 is a flow chart for explaining a pattern matching

process (dot conversion process) of this second embodiment of
the jaggy correction.

10 In the jaggy correction described heretofore, the
dots are formed by two kinds of ink drops, namely, the large
ink drop and the small ink drop. But according to this jaggy
correction, the dots are formed by three kinds of ink drops,
namely, a small ink drop and a medium ink drop forming the

15 small dots, and a large ink drop forming the large dot.

In FIG. 29, it is assumed for the sake of
convenience that the bit-map data, indicating the font data,
is subjected to the pattern matching in units of the window
described above, for each bit.

20 First, a step S31 sets a target pixel TP to a start
of the font data. A step S32 acqﬁires the bit-map data of the
font data corresponding to the window, by using the target
pixel TP as the center of the window. Hence, the acqguired
bit-map data corresponds to the data amounting to 5 x 5 = 25

25 dots.



(reference pattern) which is used to add the small dot fornmed 5 by the
smal |l or nmediumink drop or, to replace the dot by the small dot fornmed by
t he smal Iworzoem@diem i nk drop. A step S34 deci des whet h@CTAP2008/00 74
conpared patterns match. The process advances to a step S35 if the
decision result in the step S34 is-NXES, and the process advances to a step
S36 if the 10 decision result in the step S34 is NO The step S35 generates
the smal|l dot data TBeredkterargsitepi RéP FRIrERS £41% & PEPIESER the dot of
the target pixel TP into the small dot which is forned by the small or
medi um makctiop. bfhecppracess thdvarngesred bhe-wmirepla336 (apteerehef step 15
S35. The step S36 noves to a next target pixel TP. In addition, a step S37

deci des whet Begquorefodatde dral gebrpuxebrmTied srétreend ahtdata. The process
returns to the step S32 if the decision result-in the step S37 is NO so

as to reR?@%eEQﬁcgopQ@{éfﬂf]ﬁﬁya%hﬁgguggﬁi£ot££iﬁﬂﬂaQ&n@@téotcﬁobﬂﬁjOther

hand, the process ends if the decision result in the step S37 is YES. The

process sho in F 29 tr.eat .on Lxe -b a,_or 1-bit
dat a.§V\hZ)|¥ \iég%a?ﬁnﬁig?o%]é %%@le égl%adgfgbg%é age,ﬁfg:cebi/é%lgsggi:ebfe%%?r ed to
represent data anountin 25 to 25 _dots. On, the ather hang, en eating
one pi xelFTM4$1a99B S0EA? d@é&@%&ﬁﬁﬁigzeéﬁﬁ%ﬁ%ﬂ& %Of-'big dafa S:%) ly 4
bytes are required to represent data anounting to 25 dots, and only 3
byt es ar decédgprederier her nof j&e prEppraP Patieyrise métehuded®rom t he
representation.

process advances to a step S35 if the decision result in the

step S34 is YES, and the process advances to a step 836 if the
10 decision result in the step 534 is NO.
The step S35 generates the small dot data for the
target pixel TP, so as to replace the dot of the target pixel
TP into the small dot which is formed by the small or medium
ink drop. The process advances to the step S36 after the step
15 835.
The step S36 moves to a next target pixel TP. In
addition, a step S$37 decides whether or not the target pixel
TP is the end of data. The process returns to the step S32 if
the decision result in the step S37 is NO, so as to repeat the
20 pattern matching until the end of data. On the other hand,
the process ends if the decision result in the step S37 is YES.
The process shown in FIG. 29 may treat one pixel as
a l-byte data or, a l-bit data. When treating one pixel as a
l-byte data, 25 bytes are required to represent data amounting

25 to 25 dots. On the other hand, when treating one pixel as a



Hence, the anount of data to be processed is small when one 5 pixel is
treated as a 1-bit data, and the required nenory capacity can be reduced
and t he pwocessiongp3speed can be inproved in this case. PChgrznos/gémsd font
data nmay be represented by 0 (blank) or 255 (print data) as in the case of
the bit-map data 10 or representeddd~0 (blank) or 1 (print data) as in

t he case o%abi-level data, In such cases, if the data indicating the smal

i nk dr op 1afd &t A& hedPR | hIRYHSSp 2&Fe TBARET €OnVR I SS6G 98tebl ank) or 255

(print data) when generating the data of the small ink drop and the nedi um
i nk drop2reHatdagatet seldots fadriongyt Bebhremlketatzeairednt fmelyebe repl aced
by the data (for exanple, 85 and 170, respectively) representing the smal
i nk dr op tamdethpiredi T inkeadibep ex\Vheder Heas sting ddpeesenitgtbah . f ont dat a
"0" and "1" as they are, a separate nenory (nenory for the small dot data)

havi ng t ensanetsbzenasnt her 28 thort dat gro®ys ey provhded, waed the data 111"
representing the print data may be generated at the position where the

smal 15 | i opsanflohhs MRAIMDE dipp ALsqtohdeaddedy Igzg&giore, it is

possi o forman oblique 1ine” wth fthe inproved jaggy inting the

dot ith_the. |l 25 1] d di ink d d_the | i nk
rops. | W 00ATOD0S0S RCATP300a D0 B BT 4 FEFar FBF Bhce where i he

font data is formed by the data indicating the small ink drops, the nmedi um
i nk dr ops™RRAVEAeIR| B G99€ drops generated by the pattern matching, and

in the
The original font data may be represented by 0

{(blank) or 255 (print data) as in the case of the bit-map data

10 or represented by 0 (blank) or 1 (print data) as in the case
of bi-level data. 1In such cases, i1f the data indicating the
small ink drop and the medium ink drop are once converted into
0 (blank) or 255 (print data) when generating the data of the
small ink drop and the medium ink drop, the data itself

15 forming the blank data or font may be replaced by the data
(for example, 85 and 170, respectively) representing the small
ink drop and the medium ink drop. When processing the
original font data "0" and "1" as they are, a separate memory
(memory for the small dot data) having the same size as the

20 font data may be provided, and the data "1" representing the
print data may be generated at the position where the small
ink drop and the medium ink drop are to be added.

Therefore, it is possible to form an obligue line

with the improved jaggy by printing the dots with the small

25 ink drops, the medium ink drops and the large ink drops, in



| atter case where the font data is fornmed by the bi-level data 5 (0 and 1)
for the small ink drops, the bi-level data (0 and 1) for the nediumink

dr ops andwOheododgBnal bi-1evel data (0 and 1) for thePomriJgeaoahodst a.

FI GS. 30A and 30B are diagranms for explaining the second enbodi nent of the
jaggy correction of an oblique |ine-816 having an inclination of 1/4 for
first and second cases. FIG 31 is_ a diagramfaor explaining the second

enbodi nentPHIEIHET FaggyLere eelts orPTof 6Bl fotrRet ihe R i99G2t he
inclination of 1/4 for a third case. FIGS. 32A and 32B are di agrans for
expl ai ni ngndive sagonticemball niert dforshe Yhaggpdewnr ekt ibrorsf angl tthe obl i que
line having the inclination of 1/4 for fourth and fifth cases. FIGS. 30A
t hr ough 32B-Ehdwkcadsepswhenerd el mynigre paftdeohsméochmimg, tdnel sthr ahght |ine
between the two stepped transition portions is four, that is, the

inclinatioitdes Hade %0caB0cReSRAGT idRaY 160EReRBQNEY ttnhd he fickal HhEQugh
fifth cases shown in FIGS. 15A through 17B. FIGS. 30A through 32B show

the dat arqangengnt: atfhe, Qi[inqig?%'ed'rﬂ%%p%%%i—s e A1 T L% %inﬂo\’f}\}:ei .

di fferent ] aggy corrections rds, in the first case s

FIG 30A,_ 25 .the ariginally blank posi.tions D46 an at,_the WO
2004/ 00056F %&i‘ﬁ FE5005%) 6@74 =] sa?dggcﬁ’iepﬁé%%?f tkﬁleelt‘?"a%s i%i%(‘?n (BorRE
(stepped transition portion) are added with a small dot having a smaller
si ze thatlh HOT fRegerdgisat didihg the portions other than the periphery of

FIGS. 30A and 30B are diagrams for explaining the

second embodiment of the jaggy correction of an obligue line

10 having an inclination of 1/4 for first and second cases. FIG.
31 is a diagram for explaining the second embodiment of the
jaggy correction of the oblique line having the inclination of
1/4 for a third case. FIGS. 32A and 32B are diagrams for
explaining the second embodiment of the jaggy correction of

15 the oblique line having the inclination of 1/4 for fourth and
fifth cases.

FIGS. 30A through 32B show cases where the number
of dots forming the straight line between the two stepped
transition portions is four, that is, the inclination is 1/4,

20 and respectively correspond to the first through fifth cases
shown in FIGS. 15A through 17B. FIGS. 30A through 32B show
the dot arrangement at the oblique line portion so as to
explain the different jaggy corrections.

In other words, in the first case shown in FIG. 30A,

25 the originally blank dot positions D46 and D51 at the



the stepped transition portion. Hence, the blank dot data at 5 the dot
positions D46 and D52 are converted into small dot data. As a result, the
smal | dotwo(2sewalobseBnk drops) are recorded at the ori gi marlip2dob/aciesdot
positions D46 and D51 at the periphery of the stepped transition portion.
In the second case shown in FIG 30Bg2the small 10 dots are recorded at
the originally blank dot positions D45, D46, D51 and D52 at the periphery
of the stBppEfFYTvard tihentrpppitern AP nsitkPreedasearns helemmdrtdend at the
dot positions D45 and D52 are recorded by the small ink drops, and the
smal | dot srataddesl ddtthpesismpdhsd®4chainichdDsl saweé leecotdedthd’s He t he nedi um
ink drops. For this reason, the change at the transition point shown in

FI G 30B isrgeuntthercdrhangt hae sbowond pdhlke@ +B8A. the péeiphixd gase shown
in FIG 31, the inmage dots D47, D48, D49 and D50 at the periphery of the

stepped 20nhd ransiddOn RALE 98n apSr eV Er e dent @ 8NBY Lndal S wWhich Jare

smal l er than the |l arge dots formng the portions other than the stepped

Lra"oeh ofaPdd e SBbolsh bR 20§ AN1° SRk 0012081 o IRIL dOL° D47

and 0 are recorde he "snma r ops, e snmal T dots at the

i mage dots D48 and D49 25 are recorded t he mediumink drops. As a
result, t %t%haﬁﬁb?'ﬁﬁsﬁgﬁ4/gb@S%@?ﬁiﬂ#%%@dﬁ§?3§?ﬁ%# dg%%shﬁBFhe transition
point shown in FIG 31 is snoother than that shown in FIG 16 descri bed
above. | nrefrrdesueth thasersaonm! +n FHagk goA ppRétions D46 and D51 at

the periphery of the stepped transition portion.
In the second case shown in FIG. 30B, the small
10 dots are recorded at the originally blank dot positions D45,
D46, D51 and D52 at the periphery of the stepped transition
portion. But in this case, the small dots at the dot
positions D45 and D52 are recorded by the small ink drops, and
the small dots at the dot positions D46 and D51 are recorded
15 Dby the medium ink drops. For this reason, the change at the
transition point shown in FIG. 30B is smoother than that shown
in FIG. 30A.
In the third case shown in FIG. 31, the image dots
D47, D48, D49 and D50 at the periphery of the stepped
20 transition portion are converted into small dots which are
smaller than the large dots forming the portions other than
the stepped transition portion. But in this case, the small
dots at the image dots D47 and D50 are recorded by the small
ink drops, and the small dots at the image dots D48 and D49

25 are recorded by the medium ink drops. 2As a result, the change .



originally blank dot positions D45, D46, D51 and D52 at the 5 periphery of
the stepped transition portion are added with a small dot having a snaller
si ze t hatwOhleodmpie dots form ng the portions other thaoTtRzopeIUghery of
the stepped transition portion, and further, the inmage dots D47 and D50 at
the periphery of the stepped transitizgn portion are converted 10 into snall
dots which are snmaller than the large dots formng the portions other than
the steppet thansidrnsirtiper poant Bhbwniin tHicG Gases bheotwér pasid iteas D45,
D46, D51 and D52 are recorded by the small ink drops, and the dot

posi ti onssB¥vwn and ridb0 187 @ekeeord@dakyiyd he nedi umink drops. Thus, the
change at 15 the transition point shown in FIG 32A is snoother than that

shown'in FIG 17A deIsﬂcrghtée O%Q(B}Qecasﬁns}i%f.inf tEliGcaggAshQ]}{\Q in FI G 32B,
the sane conversion iIs made as in the fourth case showmin FIG 32A, and

[ ddi ti t ts. f ' th dt it 20 ti
conver t ecoF HED il o0 COF1 B° S0B o o e oanere The Twi Fmage dot s

D48 and D49 are converted into small dots. The dot positions D48 and D49
are recor BRHBRPThOT F6@ SFEPRRAJFHIRS 1 HeRc @orthenchtngrddad tidght pansi ti on
point shown in FIG 32B is snoother than that shown in FIG 17B 25
descri bedsabbl glotivha(04/ 6065631 LCTE IR G0B/00R48Targ84ddtherafrarieg accor di ng
to the first through fifth cases described above in conjunction with FIGS.
30A t hroughe @28 idnze cshep dhéfetiengemipHdhe bEanBet so&pRed nt (st epped
transition portion, and further, the image dots D47 and D50 at
the periphery of the stepped transition portion are converted
10 into small dots which are smaller than the large dots forming
the portions other than the stepped transition portion. But
in this case, the dot positions D45, D46, D51 and D52 are
recorded by the small ink drops, and the dot positions D47 and
D50 are recorded by the medium ink drops. Thus, the change at
15 the transition point shown in FIG. 32A is smoother than that
shown 'in FIG. 17A described above..
In the fifth case shown in FIG. 32B, the same
conversion is made as in the fourth case shown in FIG. 32A,
and in addition, up to two dots forming the stepped transition
20 portion are converted into small dots. FIG. 32B shows a case
where the two image dots D48 and D49 are converted into small
dots. The dot positions D48 and D49 are recorded by the
medium ink drops. Hence, the change at the transition point

shown in FIG. 32B is smoother than that shown in FIG. 17B

25 described above.



transition portion) is reduced by recording the small dots, 5 and a
relatively snooth oblique Iine portion can be recorded solely by the dot
arr angemewo 20044b363 I n addition, in the case of the inipCiraPaogoonsli ng, the
i nk spreads when the ejected ink hits the recording nmedium Moreover, when
the ink used has the dye as the maigyconponent, even when the jaggy 10
correction is nmade by the dot arrangenent described above, the contour
snmoot hness may deteF%éraf@rﬁhe%FQQﬁgﬁn@kiPeﬁh?eétﬁﬁﬁrﬁPrQngnﬁdétbn pl ai n
paper due to the feathering. However, the feathering can be suppressed by
use of thedeskdebicchbed aldeserirbedngboveiandwisiedrias t 1308 enbodgnent. I n

ot her words, 15 the effects of reducing the jaggy portion by the jaggy

correcti gepjhicel sSeprderbyrdtee ot taer @BQﬁgﬂﬂioﬂg&Qirﬂ@e(@t_eéﬁeMe can be
mai nt ai ned even when the ink-jet recording is made on plain paper, because

t he ink isBsthi ' t flectiv e h hering. 20
The i nk ﬁgggsﬁgl%ﬁigoggggg%ggﬂfm?ggggegyt%%gofggg%ggﬁaéfkéﬁt&gﬁ%’bIeeding
eedi ng_snoot hens t he cogtgur
aygy

does gccur_ slLi h%l . t this ., sli.ght bg
portign ﬁfdgﬁbgﬁ F%lvgg%n%%??F%;qﬁ%gqgﬁj caht? Y%ﬁntQ?nnéﬁerFﬁ8r
portion even_ |ess consgicuous. Consequently, owi ng to the phenonenon 25
pecul i ar %3 St HeP¥nklf etlot etorahasgRYd 1ERBL Phe t3e8ul Lar T
2004/ 000563 PCT/ JP2003/ 007487 -85 to the ink used in this enbodinent, it
i s possi Blaeet efr sher dnkJ shomderddngquehei hek parrdasis iwlenhicbh t he j aggy
portion is wvirtually inconspicuous.
ejected ink hits the recording medium. Moreover, when the ink
used has the dye as the main component, even when the jaggy
10 correction is made by the dot arrangement described above, the
contour smoothness may deteriorate when the ink-jet recording
is made on plain paper due to the feathering. However, the
feathering can be suppressed by use of the ink which is
described above and used in this embodiment. In other words,
15 the effects of reducing the jaggy portion by the jaggy
correction which is made by the dot arrangement described
above can be maintained even when the ink~jet recording is
made on plain paper, because the ink used in this embodiment
effectively suppresses the feathering.
20 The ink used in this embodiment reduces the
feathering, but the bleeding does occur slightly. But this
slight bleeding smoothens the contour portion by smoothly
connecting the adjacent dots, to make the jaggy portion even

less conspicuous. Consequently, owing to the phenomenon

25 peculiar to the ink—-jet recording and the phenomenon peculiar



The inclination is 1/4 for the cases shown in FIGS. 5 30A through 32B.
However, the jaggy correction nay be made simlarly with respect to other

i ncl i nat iwo004/0036adi ng 1/3, 1/5 or less, and even w t RCTOBp®ENOHET Obl i que
line portions which are mrror inmages of the above or rotated by 90 , 180
2700 or the like. 10 Next, a descripgson will be given of a nethod of
changi ng the jaggy correction nethod depending on the inclination of the
obl i que 1¥he&RsortikosethiBuhl patadimeiitchiiiglai PAs3Hel o ot mdapad a
selection is nmade as to whether the target pixel is to be 15 converted into
t he snal Isnakhdiodp iguet héngedotimamkindmwbp cbr the Jeomyesettoon $st 0 be made.
Hence, the reference patterns which are referred to when carrying out the

pattern nelehialgdyi Aekudepipadderns for small inclinations to |arge
inclinations. Accordingly, the jaggy correction nmethod can be changed by 20

changi ng the infor nﬁ’hieoﬂn%-iﬁ%ti&giiﬁatl%. t=Re. ‘EH?VSQéQ%rﬁJawnt ;lfll rrREget

pi xel , between a case where the inclination is larger than and a case

wher et he,4.nclination,iLs |l ess than or .equal to 1/1, For exanple, a
refergnchgé%FgEHgboszgh iﬁ% A ohe §§82¥1c855$ﬁF%99Iﬂq§ b§g%?8§nd a
reference pattern for an WO 2004/ 000563 PCT/ JP2003/ 007487 -86 inclination

1/ 4 showPiFHIBLEY F3BRaFeSProvithe @ tPRkeAnSUBRRELP Y tHE16HAIdAYA to t he

pattern nmatching, the pattern matching is made with respect to a
1/5 or less, and even with respect to oblique line portions

which are mirror images of the above or rotated by 90° , 180° ,
270° or the like. |

10 Next, a description will be given of a method of
changing the jaggy correction method depending on the
inclination of the obligue line portion.

Through pattern matching with the font data, a

selection is made as to whether the target pixel is to be

15 converted into the small ink drop or the medium ink drop or no
conversion is to be made. Hence, the reference patterns which
are referred to when carrying out the pattern matching include
patterns for small inclinations to large inclinations.
Accordingly, the jaggy correction method can be changed by

20 changing the information which indicates the conversion of the
target pixel, between a case where the inclination is larger
than 1/1 and a case where the inclination is less than or
equal to 1/1.

For example, a reference pattern for an inclination

25 4/1 shown in FIG. 33A, and a reference pattern for an



reference pattern for the conversion to the snmall ink drop, a 5 reference
pattern for the conversion to the nediumink drop, and a reference pattern
for maki rgoreoodcmnisdr si on. When the font data mat ches omeTAP2(0B/e&7887
reference patterns, it is possible to recognize whether the target pixel
is to be converted into the small_gpk drop, converted into the nmedium 10
ink drop or, not converted. Hence, en the inclination is 4/1 and the font
dat a natighes ke ohefignepnewpait 16 .SBGBNare PE&id3A, the target pixel is
converted into the nediumink drop. On the other hand, when the

inclination is 1/4ygnd thejéepingdatie enrauehests hens efartanee pattern shown
in FIG 33B, the target pixel is converted into the small ink drop. The

font dataqmu e Gheeled Dy, el ot dahieli td0MAld e ost unit

Oh prdcessi ng apparatu whi ch i ncludes an inmage processing

apparatus, such as a 20 personal conputer, far. iransferr.i i page data
to the ifRECHBCHPAHED g@ﬁc € £ q;p%&tlgrh PoB%%n’? abl‘ral clarﬁugid%g t’hgﬁl

conputer to carry out the jaggy correction (dot data_, conversjion) may be
stor &d ireferesser darFeradfom SR A SF sepr %@\/Faﬁd“%dlrﬁ? d”"gﬁ SKOBF t he
conputer which is connected to a 25 network, and the jag correction can

be carri®ti cutrdfe\ADc20041L 0605680 PORKIPR0O0’/ 607487s1a7 (Hstralthieng thi s
conputer programinto the host unit 100. In the enbodi ments descri bed
ﬁggra t hend ages neaidheet bna ¢flothetat arefemearcsi payteésnsarit éé out in the
possible to recognize whether the target pixel is to be
converted into the small ink drop, converted into the medium
10 ink drop or, not converted.
Hence,Awhen the inclination is 4/1 and the font
data matches the reference pattern shown in FIG. 33A, the
target pixel is converted into the medium ink drop. On the
other hand, when the inclination is 1/4 and the font data
15 matches the reference pattern shown in FIG. 33B, the target
pixel is converted into the small ink drop.
The font data may be created by the printer driver
101A of the host unit (information processing apparatus) 100
which includes an image processing apparatus, such as a
20 personal computer, for transferring the image data to the ink-
jet printer. Hence, a computer program for causing the
computer to carry out the jaggy correction (dot data
conversion) may be stored in a recording medium such as a CD-

ROM and a hard disk of the computer which is connected to a

25 network, and the jaggy correction can be carried out by



unit 100. However, it is also possible to carry out the jaggy 5 correction
(dot data conversion) in the image formng apparatus (ink-jet printer), as
in the cawe064/@pBher enbodi nent of the inmage form ngPappae@s6748CCOor di ng
to the present invention. FIG 34 is a system bl ock di agram showi ng the
structure of this other enbodi nrent eB7the image form ng 10 apparatus. In
this enbodi nent. of the image form ng apparat us the present invention is
appli ed tHPAFRIHRG hisr FARBRESY PRILEamB4Anten thAKLPRE Wiht:d0 300 is
connected to a host unit 200 such as a personal conputer. The host unit
200 includes an applircahieonrmboflimenries (qeroidey 20dve 15tAdeidgtksj et printer
300 includes a CPU 301, a ROM 302, a plotting data nenory 303, a

rasteri zetoRfktinon agber dadat aonesmy }0r305,s aatentdostt i e wat acxenory 308,
and a printer engine 310. The CPU 301 fornms a nmain controller which

control s ghe: end r e donlvioet pei ng ealsapq)qs@,a91Eneau§lg§r§ "B 2Qrldinebigns of a

dot data conversion nmeans (jaggy correction means) and a detecti 6n- neans.

The 3 .S vario p . and .re e ns_whi ch are used
for the pattarm o R R B e e Tifvbar L B5ether wi th the
ROM 302._The print .data such, as character code data_obtained from25 the
appl i cat | FPEGT Hvare™ 01°5 Bt Ho ROt Shiit 560 S7e° stortd WB72004/ 000563
PCT/ JP2003/ 007487 -88 in the plotting data nenory 304. A print instruction
whi ch i nsTRRRANIECOEdICRG F2T¢ nEjen 8l GRRPABERE s2CFRLEINERGS M t he host

unit 200 to be
present invention. FIG. 34 1s a system block diagram showing

the structure of this other embodiment of the image forming

10 apparatus. In this embodiment of the image forming apparatus,
the present invention is applied to an ink-jet printer.

In FIG. 34, an ink—-jet printer 300 is connected to
a host unit 200 such as a personal computer. The host unit
200 includes an application software (program) 201.

15 The ink-jet printer 300 includes a CPU 301, a ROM
302, a plotting data memory 303, a rasterizer 304, a raster
data memory 305, a font outline data memory 308, and a printer
engine 310. The CPU 301 forms a main controller which -
controls the entire ink—-jet printer 300, and includes the

.20 functions of a dot data conversion means (jaggy correction
means) and a detection means. The ROM 302 stores various
programs and reference patterns which are used for the pattern
matching. The CPU 301 forms a firmware together with the ROM
302. The print data such as character code data obtained from

25 the application software 201 of the host unit 200 are stored



executed by the CPU 301, is tenporarily stored in the plotting 5 data
menory 303. For exanple, the print instruction includes information

rel ated twotzhe/oxsti on, thickness, shape and the |ikePoft/JPpti®3homes to be
recorded, and the font, size and position of the characters to be
recorded. The print instruction is g¢itten in a predeternined print

| anguage. 10 The print instruction stored in the plotting data nenory 303

i s interpretee byotbéendgasdef inketor30404l.n the case of the print instruction
to record a line, for exanple, the Iline is converted into a recording dot

pattern depending of pihgr spesified ROShEEANind hekieseRrdihiecki ke. In
addition, 15 in the case of the print instruction to record characters,

corr esponding £NALAGEEL. SON! O iU BBLOML Sy AL [ LoMgphe, hont outl i ne
data nenory “308 and converted into a recording dot pattern aependlng on

t he specified posjtion, size and.th | i ke., The recordi ng,pattern, data

obt ai ned TP HE aBEVE 20 Lkl bdF CEMVBFSTbhY | S-S5t &f Tt REOFaster dat a
menory 305. -The CPU 301 detects the stepped transition portion of the
cont obr Y SePrEndfhe bTQL M ®dCa, tRAIPERR T | B8 BMCtirRe 1pa4YTeS
correction process (dot data conversion process) described above, so as to
convert tihgogreritpher yebdtederstdmpeds25ivnansiidloressor tshapeusidgtihde
reference pattern into the dot WO 2004/ 000563 PCT/ JP2003/ 007487 -89 data
havi ng t he xdobrsikze smabs efo thanddeeddat shaetiod fdre detizedahd forming the
portions other than the stepped transition portion, depending on the

inclinatiQQf hherStREPEEhracters to be recorded. The print
instruction is written in a predetermined print language.

10 The print instruction stored in the plotting data
memory 303 is interpreted by the rasterizer 304. In the case
of the print instruction to record a line, for example, the
line is converted into a recording dot pattern depending on
the specified position, thickness and the like. In addition,

15 in the case of the print instruction to fecord characters,
corresponding character contour information is read from the
font outline data memory 308 and converted into a recording
dot pattern depending on the specified position, size and the
like. The recording pattern data obtained by the above

20 described conversion is stored in the raster data memory 305.

The CPU 301 detects the stepped transition portion
of the contour portion from the bit-map data, and carries out
the jaggy correction process (dot data conversion process)
described aboye, so as to convert the periphery of‘the stepped

25 transition portion using the reference pattern into the dot



transition portion. 5 The recording dot pattern (dot data) stored in the
raster data nenory 305 is output to the printer engine 310, so as to drive
t he presswpeogmeseat i ng neans of the ink-jet head and PaTHEB/MITUERE | mage
by maki ng the scans in the main scanning direction and the sub scanning
direction. 10 The detection of the sgepped transition portion and the dot
data conversion are carried out by software (conputer progran) using the
CPU 301 iR Gadag phe detisieot wouklsy thossitheeded serectf tihe sibépped
transition portion and carry out the dot data conversion by hardware. 15
By carryidgtouiortiegbithenmapribves opthent thnd the siagoyd coraredijien (dot data
conversion) process in the ink-jet printer 300, a high-speed data transfer

can be nage-beineerpehhenhosh wnéti00 nardohheri BKej Stepsdit er 300 because
the transferred data is not bit-map data, to thereby inprove the 20

t hr oughpug .., Next o2 §§§§55ption wll be given of first and second
experinments conduct by the present inventor. (First Experinent) The font

data added with the _small ink.drops in.the ner descri ped above were
o nt 2 on pl &l n padir GEFRECHIE o5 Firso0das PaTr IPoTgR b I Fro. 0

i nk-j et head under the follow ng conditions, and the picture %uality
(char act eF23fifA iIFBFR MEECEY aP Ut BY. OWHeAd t38ihAopFivE?E AgFine 310, so

as to drive the pressure generating means of the ink-jet head
and to record the image by making the scans in the main
scanning direction and the sub scanning direction.

10 The detection of the stepped transition portion and
the dot data conversion are carried out by software (computer
program) using the CPU 301 in FIG. 34, but it is of course
possible to detect the stepped transition portion and carry
out the dot data conversion by hardware.

15 By carrying out the bit-map development and the
jaggy correction (dot data conversion) process in the ink-jet
printer 300, a high-speed data transfer can be made between
the host unit 200 and the ink-jet printer 300 because the
transferred data is not bit-map data, to thereby improve the

20  throughput.

Next, a description will be given of first and
second experiments conducted by the present inventor.
(First Experiment)
The font data added with the small ink drops in the

25 manner described above were printed on plain paper using the



Nozzl e pitch = 84 im (corresponding to 300 dpi) 5 Inmage Resol ution: 300
dpi Dot Size: Large ink drop = 120 im Small ink drop = 40 im Character:
M5 M nchowoORoeoosiczde = 6, 10, 12, 20, 30, 50 and 80 poiPRTHPAD3/IEgsH
Correction Method: Change depending on inclination of oblique |line portion
(see Table 1 below) Printing Method+9®ath nunber (nunber of scans form ng
one line), = 1, interlacing Paper: Plain paper (My Paper TA (product
nane) ) Igﬂﬁﬂﬁﬁyggﬁ r 8896y %oﬂg COPHYTI9Rp 2 TG PREERBR of
bl i que Line Jaggy Correction Method 1/1 None 1/2, 2/1 FIG 18C 1/3, 3/1
FIG 17B ®wlidonpabrseatpar peskstyla weisr svadvapadi son exanple 20 in which
no jaggy correction is made and the printing is nade solely by the large
i nk drops, andieadecoiti compdrisgaonlexanple in which the jaggy correction
descri bed above in conjunction wth FIG 17B is nmade regardl ess of the

inclination, were al s@o¥@12004LO00563 RGT/($B2003500448Y +o $bonagdey The

character qualities of the characters subjected to the jaggy correction

shownsin Tablelﬂ?ﬁgnﬁéggﬂpgkgg whhhghhose of the first and second
conpari son exanpl es.

Dot Size: Large ink drop = 120 im, Small ink drop = 40
im

Character: MS Mincho, Font size = 6, 10, 12, 20, 30, 50
and 80 points

10 Jaggy Correction Method: Change depending on inclination

of oblique line portion (see Table 1 below)

Printing Method: Path number (number of scans forming
one line) = 1, No interlacing

Paper: Plain paper My Paper TA (product name))

15 manufactured by Ricoh Company, Ltd.

Table 1
Inclination of Oblique Line Jaggy Correction Method
1/1 None
1/2, 2/1 FIG. 18C

1/3, 3/1 FIG. 17B

For comparison purposes, a first comparison example

20 in which no jaggy correction is mage and the printing is made
solely by the large ink drops, and a second comparison example

in which the jaggy correction described above in conjunction

with FIG. 17B is made regardless of the inclination, were also



As a result, it was found that the best character 5 quality is obtained
when the jaggy correction shown in Table 1 is carried out, and the

char act erwquad4/agsedet eri orates for the second conpari seaTdR200ph@487and a
wor st character quality is obtained for the first conparison exanple. It
was also confirnmed that the feather9hg does not occur and a sufficient 10

i mage tone js ohtained by the j  correction shown in Tahle 1. Although
pl ain paﬂ%?ﬂTs EggdcgérF%Ee?é@%? gﬁﬁs ﬁEdFEﬁ1F%a¥%%uﬂ§%éPP§?FBﬁdgF9en
above, it is also possible to apply the present invention to other

recor di ng-fedifd95uERTASCEECR ot papdablygl dseyrorcumaasderédhpapeseand OHP
films, so as to obtain simlar effects. It is also possible to selectively
carry outoft g dggptcendestécon! proopesssdeperaimpbe®n the kind of recording
medi um Furthernore, although the characters were printed 20 at 300 dpi in

the above describedagasereétlts iof waQUESENnAPEBESt bhigs i A ichhrhhecgharacters
at a lower resolution of 200 dpi or 150 dpi, for exanple. At such | ow

resol Yti o s ;5 dhBERL £hq Ofndi@rdolSobQr Bb Al LG, £NAIAG! ¢ Srape. | AT g8 and

the stepped transition portion is ndbré conspicuous than at highe

resol utians.. _Accaordingly he effects.of the present WD 2004/ 000563
bCT 3P200%) G575450 B9 T BRI D A6 T B gE RN (Te BT O3 8HES! PUBRERDN | s
applied to such cases where the resolution is low. On the_other hand, at

hi gher r ESGBCT GREPBF 180D THTPLE20078pR HABS 240BF KRR tes gpality is

obtained for the first comparison example. It was also
confirmed that the feathering does not occur and a sufficient

10 image tone is obtained by the jaggy correction shown in Table
1.

Although plain paper is used as the recording
medium in the description given above, it is also possible to
apply the present invention to other recording media such as

15 coated paper, glossy or calendered paper and OHP films, so as
to obtain similar effects. It is also possible to selectively
carry out the jaggy correction process depending on the kind
of recording medium.

Furthermore, although the characters were printed

20 at 300 dpi in the above described case, it is of course
possible to print the characters at a lower resolution éf 200
dpi or 150 dpi, for example. At such low resolutions, the
diameter of the dots forming the characters are large and the
stepped transition poftion is more conspicuous than at higher

25 resolutions. Accordingly, the effects of the present



exanpl e, the nunber of dots formng the font is large and the 5 dot size is
smal |, such that the jaggy portion is inconspicuous. Accordingly, in the
case of awoizés/Goete3printer having a plurality of print Peodesosoe74gr i nti ng
at different resolutions, it is preferable to provide a node in which the
10 present invention is applied and-a2spnde in which the present invention
is not applied depending on the resolution, and to select the node

dependi ngtRYER O €96 UEITER ReBr e REFSIYpAevVenthent by cughipiad tas

descri bed above, the node may be selected by the printer driver of the
host uni tsweeh bsagdwe vheke thej eesplumtar .id nogenebal tha ctissmdteerd,qual ity in
whi ch the jaggy portion is inconspicuous can be obtai ned when the

resol uti onigher 453 ddpitiehsgbeat®r . afccaradiongny, ahll 2so@refer akle to apply
t he present invention when the resolution is 360 dpi or less, 20 and not to

appl y thesprgsent JHwentieR Yhehotded 8l uthan chat fé?lagﬁe Unghgater. In

ot her words, the processing tinme can be reduced by dete ng the stepped

transiztio 0l . I n resol.utian is 360.dpi or less. (Second
ExperiSnen(?sz%lrQﬁg&f )oéﬁ%%?iét 35,3 di_é%a%\ﬁq%e 3@@%&?“%%& Htops in the WO

2004/ 000563 PCT/ JP2003/ 007487 -93 manner descri bed above were printed on
pl ai n papeEt“USTHFINE - i nk-j et head under the followi ng conditions, and the

picture quality (character quality) was eval uated.
Accordingly, in the case of an ink-jet printer

having a plurality of print modes for printing at different

resolutions, it is preferable to provide a mode in which the
10 present invention is applied and a mode in which the present

invention is not applied depending on the resolution, and to

select the mode depending on the resolution in order to

improve the throughput. As described above, the mode may be

selected by the printer driver of the host unit or by the ink-
15 jet printer.

In general, a character guality in which the jaggy
portion is inconspicuous can be obtained when the resolution
is 450 dpi or greater. Accordingly, it is preferable to apply
the present invention when the resolution is 360 dpi or less,

20 and not to apply the present invention when the resolution is
450 dpi or greater. 1In other words, the processing time cén
be reduced by detecting the stepped transition point only when
the resolution is 360 dpi or less.

(Second Experiment)

25 The font data added with the small ink drops in the



Head: 384 nozzl es/color 5 Nozzle pitch = 84 im (corresponding to 300 dpi)
| mrage Resol ution: 300 dpi Dot Size: Large ink drop = 120 im Medium i nk
drop = 70WOiI2004/808B| i nk drop = 40 i m Character: M5 M n®bo/JPEHosDOTE8ZE = 6,
10, 12, 20, 30, 50 10 and 80 points Jaggy Correction Method: Change
depending on inclination of obliquest+ne portion (see Table 2 bel ow)
Printing Method: Path nunmber (nunber of scans formng one line) =1, No

i nterl aciTHiNES PEFEFLiPPE ARPRAPET Y MF LP&BEr OT AP bReRe haweny the

manuf actured by Ri coh Conpany, Ltd. Table 2 Inclination of Oblique Line
Jaggy Coriméctjiegnh®etihudded /dhaNdive. lovizg 2padFtnd 8@ntY 3he3plcElG: 32B 20
For conparison purposes, a first conparison exanple in which no jaggy

correcti eruals thadenhandctde Qrdmtbiygwas eadeuasadel y by the large ink drops,
and a second conparison exanple in which the jaggy correction described

above in conj uggtd on 342 28044000563, FPCT/ JP2003/ 007487 -94 with FIG 17Bis
made regardl ess of the inclination, were also nade. The character

T b ot he charfshels SUMPA 8 4R (bBE-LAYRASH PHLB"aRIPM 17

Image Resolution: 300 dpi
Dot Size: Large ink drop = 120 im, Medium ink drop = 70

im, Small ink drop = 40 Im
Character: MS Mincho, Font size = 6, 10, 12, 20, 30, 50

10 and 80 points

Jaggy Correction Method: Change depending on inclination

of oblique line portion (see Table 2 below)
Printing Method: Path number (number of scans forming

one line) = 1, No interlacing

15 Paper: Plain paper (My Paper TA (product name))

manufactured by Ricoh Company, Ltd.

Table 2
Inclination of Obligue Line Jaggy Correction Method
1/1 None
1/2, 2/1 FIG. 18C
1/3, 3/1 . FIG. 32B
20 For comparison purposes, a first comparison example

in which no jaggy correction is made and the printing is made
solely by the large ink drops, and a second comparison example

in which the jaggy correction described above in conjunction



of the first and second conparison exanples. 5 As a result, it was found
that the best character quality is obtained when the jaggy correction
shown i n wakzbet/@oseds carried out, and the character qualPCryPzi®s/esMer at es
for the second conparison exanple, and a worst character quality is
obtained for the first conparison exagple. It was also 10 confirmed that
the feathering does not occur and a sufficient inmage tone is obtained by

t he j aggywdr fd&.i driBshownaia Tegnwlless Aift fbaghngl Hiatisaperisirs ased as t he
recording nmediumin the description given above, it is also possible to

15 appl y ntdve pr @&entchengehér oqud ol otdsenfr éber dhagaaesisa sigRcasdcaoat ed
paper, glossy or cal endered paper and OHP filnms, so as to obtain simlar

effects. -tHd 'Jay@ s0rpessibhesi@nseleatiiel ¥ weas ryorérdd&ijtadgtose
correction process depending on the kind of recording nedium 20

Fur t her noy€,+18d tf!l‘}‘é%hah esgg@ﬁ@cgﬂp%%og 85{5191%?&95. at 300 dpi in the above

;
described case, it is of course possible to print the characters at a

| ower _resol ution of ,.200 _dpi,or 150 dpi, far_ ex | e.. At, sych | ow

resol Oti ons, the di&mét 5?&6%& hew dvoatsg ffoélgl% ﬁgagﬁ%h%ersgz:tc aﬁggrl arge and
the 25 stepped transition portion i s nore conspicuous than at hi gher WO
2004/ 00058F PEY 152083F60487eR 951G JSFFNt FERESC DI y» CREI8f fects of
the present invention are |arge when the present invention is applied to
such caséss wiearmd echeutesandt tlom ¢hpragweroquehetvtdreangtegt for the

second comparison example, and a worst character quality is
obtained for the first comparison example. It was also

10 confirmed that the feathering does not occur and a sufficient
image tone 1s obtained by the jaggy correction shown in Table
2.

Although plain paper is used as the recording
medium in the description given above, it is also possible to

15 apply the present invention to other recording media such as
coated paper, glossy or calendered paper and OHP films, so as
fo obtain similar effects.- - It is also possible to selectively
carry out the jaggy correcéion process depending on the kind
of recordihg medium.

20 Furthermore, although the characters were printed
at 300 dpi in the above described case, it is of course
possible to print the characters at a lower resolution of 200
dpi or 150 dpi, for example. At such low resolutions, the
diameter of the dots forming the characters are large and the

25 stepped transition portion is more conspicuous than at higher



hi gher resol utions of 600 dpi, 1200 dpi and 2400 dpi, for 5 exanple, the
nunber of dots formng the font is large and the dot size is small, such
t hat the wegag/@essi on is i nconspicuous. Accordingly, PeTURZ08/AGESDI an
ink-jet printer having a plurality of print nodes for printing at
different 10 resolutions, it is prePérable to provide a node in which the

present inventian is applied.and a de | iC e present inventionis
not appligﬁs%éﬂﬁﬁﬁﬂsng cPﬁgl?%g%{Lﬁ%%nﬁfﬁ%HthBQ %E?é£¥eﬁ?ﬂ?lmode dependi ng
on the resolution in order to inprove the throughput. As described above,
t he nmode HRYEHEOF5 aLE ¢GFE8 BYSR e pRTRSENtdinVerteenthe dusltiatite or by
the ink- jet printer. In general, a character quality in which the jaggy
portion isuthcoesysi oheus tha besobtriared swhem.t hénr elsel athan hamsl , 450 dpi or
greater. Accordingly, it is preferable to apply 20 the present invention
when t he hegidtitdieddliugid68 dpi 600 desSs,120@8ndpnoknd 028pP|dpt heegar esent

i nvention when the resolution is 450 dpi or greater. In other words, the

processi Ngxidgie Cafe REmbedUSEd bYs delaehingnthe st epped, t 4 i-pg poi nt
only vhen "~ THE yesolut o S i gae 25°Next,egad%§%ﬁdp;tﬁgn Wil

be given of. a third a§904é9?Q59%ﬁPq;kg€%%8§i%gg€§7 - 96 enbodi nent of the

j aggy correction which cofrecfs an error nd?%p hitting position

on the recordi ng nmedi um caused by the use of the small dots.
inconsplcuous.

Accordingly, in the case of an ink-jet printer

having a plurality of print modes for printing at different

10 resolutions, it is preferable to provide a mode in which the
present invention is applied and a mode in which the present
invention is not applied depending on the resolution, and to
select the mode depending on the resolution in order to
improve the throughput. As described above, the mode may be

15 selected by the printer driver of the host unit or by the ink-
jet printer.

In general, a character quality in which the jaggy
portion is inconspicuous can be obtained when the resolution
is 450 dpi or greater. Accordingly, it is preferable to apply

20  the present invention when the resolution is 360 dpi or less,
and no£ to apply the present invention when the resolution is
450 dpi or greater. In other words, the processing time can
be reduced by detecting the stepped transition point only when
the resolution is 360 dpi or less.

25 Next, a description will be given of a third



As descri bed above, when the ink drops having 5 different sizes are ejected
by the ink-jet printer onto the recording nediumto formdifferent dot

si zes, a worzoewpoesesor s introduced between the ink dr ®p3/Jetoosid7igr ent
sizes ejected fromthe head due to the different dot formng tines for the
different ink drop sizes. In other vf€ls, the tine required 10 for the ink
drop to be ejected fromthe head fromthe tipe when the drivi ng ulse is

i nput i s TROFEBRNFoP Tt HR® stRETY i G TSFFOBRhEUF Ay SEIRGTS @1 ¢FRY tf‘?na and

| ower for the large ink drop having a long driving tine. Accordingly, the
tinme it thekéakf grophelithkndrgsitd oreaghthfereeemtdih@asddivuaresedr ecor di ng
medi um surface) fromthe tine when the driving pulse is input is quicker
for the gmalihei nkedobptlamdssdloweiotsf.or the large ink drop. As a result, the
| arge ink drop adheres on the recording nmediumat a position on a

downstream side al ppgdtber oaed i g dTowhee dhéechik arddyamatggsmal | ink 20
drop. Therefore, when nmeking the jaggy correction by varying the dot size,

a smakl i s Which.is. 48000 rs Ny - L,O its the
recor ing(ﬂ#e ?ggntgtél%\@gp%?%tel%n sgggga%:ielg %I?o %ﬁgg%ltrﬁ%:lr glttg jfglgglshown in

FIG 35 in 25 th f bli L ti havi |
i ncli nat :rger?.orwgoé‘gggﬁg%gn%%ﬂ 3%%%8#8%7‘3% Slf{;eis E}QG anlgg(re 1(?%? agram f or

expl aining the separation of the small ink dot fromthe other dots_ in the
case of tife BHFPEHesd| PRE ST t5%h lﬁ&vijﬁ@p? h%fl%lrfg‘ceeqq{’d:l iSH&EFoRY S Ro?ral | Y,

t he ink
from the head due to the different dot forming times for the

different ink drop sizes. In other words, the time required

10 for the ink drop to be ejectgd from the head from the time
when the driving pulse is input is shorter for the small ink
drop having a short driving time and lower for the large ink
drop having a long driving time. Accordingly, the time it
takes for the ink drop to reach the recording medium

15 (recording medium surface) from the time when the driving
pulse is input is quicker for the small ink drop and slower
for the large ink drop. As a result, the large ink drop
adheres on the recording medium atra position on a downstream
side along the carriage moving direction than the small ink

20 drop.

Therefore, when making the jaggy correction by

varying the dot size, a small ink drop Ds which is recorded
for the jaggy correction hits the recording medium at a
position separated from the other dots as shown in FIG. 35 in

25 the case of an oblique line portion having a large inclination.



ej ection speed (Vj) of the ink-jet printer is 5 msec or 5 greater, and

preferably 7 nmisec or greater. Hence, the ink ejection speed (V) is

suf fi ci erwbDyobw@hseso that a |arge positional error of troe/Jeesdous’ wl l

not occur, but an error on the order of approximately 10 imto 20 imis

inevitably introduced. 10 The isolayed small ink drop Ds becones

conspi cuous  when the inclination of the oblique Iine portion is greater

than 1/ 1.FIG t3e 16t kedingnam foe sirdldinipg ghepsenreateworafedheal ong t he

| arge ink drops formng the character in the case of the oblique Iine

portion hanlig itnbke dionc ffirnat kba @fhel Hoars Hesshelbaaadof hehesmbllliquek drops

are inconspicuous as isolated ink drops. Hence, an optinum jaggy

correcti onfAapdeibeahbzedy the iR iihc1SnB@SShD! endansi il t-apequs! y

reduce the undesirable ef?ects of the positional error of the dots and 20

make the J . _COl, i b i the | coLr j t hod
éja&gcon ? Ogl .sé)%%h Q%) é!fc{&?c{:gmg%lj?etﬁ g!rﬁ&ﬂ%r pLregl) fes

dependi ng inclirnatron of t i qu I'ne portion. 36A and
36B are di agrans for, expl.aini el ection of the jagg rrection nethod
Cdot - Gt BB < o SSBERERRDR) 7 g SORoCRE | ST (OR GRXt he
oblique |ine WO 2004/ 000563 PCT/ JP2003/ 007487 -98 portion. For exanple,

t he j aggyelesitiied: iserers (Hadel®sF g YHE tdaht IR nkO dFps Dsia&gSshown in FI G

36A when the inclination is 1/1 or less, and the jaggy correction is nade
usi ng thepositional error of the ink dots will not occur, but an error

on the order of approximately 10 im to 20 im is inevitably
introduced.

10 The isolated small ink drop Ds becomes conspicuocus
when the inclination of the obligque line portion is greater
than 1/1. On the other hand, the small ink drops are recorded
along the large ink drops forming the character in the case of
the oblique line portion having the inclination of 1/1 or less,

15 and the small ink drops are inconspicuous as isolated ink
drops.

Hence, an optimum jaggy correction can be realized
in which it is possible to simultaneously reduce the
undesirable effects of the positional error of the dots and

20 make the jaggy correction, by changing the jaggy correction
method depending on the inclination of the obligue line
portion.

FIGS. 36A and 36B are diagrams for explaining a
selection of the jaggy correction method (dot data conversion

25 method) depending on the inclination of the obligue line



medi umink drops Dmin place of the small ink drops as shown 5 in FIG 36B
when the inclination is greater than 1/1. By taking these neasures, the
posi ti onawoewe«osB t he dots is effectively reduced toPaTIezlos/gidse
extent. In addition, the jaggy correction may be nmade using only the snal
ink drops as shown in FIG 17B whempdhe 10 inclinationis 1/1 or less, and
the jaggy correction may be nade using the small ink drops and the nedi um
i nk dr opgrasonshomeri axdgle 32Bewheggy heotredtinat ilenmegegrest@rtihan 1/1
Moreover, it is possible to correct two dots before and after the

transitiQn ROk RkSqfbhatpd sas thewaurherrof 16a oaigreaihed idelsnasidour) when
the inclinationis 1/1 or less, and to correct one dot above and bel ow t he

transiti,on int .when t incli i ' t 1t de aSesShown in
FIG 17BS éggcﬁﬁné?ﬁa’t%@gfggbﬂagg&rgg%%%ﬁgﬁgﬁﬁgar%%%gﬁding on t he

inclination of the oblique |]ine portio it 1S, possi | ect an
opt i mumeehHEr 16k draPf PRICHR eh8§i£86d???%%éﬁ% 6%?’Fi§%s%9%ﬁ§ obtain a
hi gh picture quality regardless of the inclination of .the oBquue l'ine
por t Bon.inAF Iges 36Bbeleabbe, 1t He TdGiORat 8 9b7vETSi O el iod S8r the dot
form ng nethod (jaggy correction nethod) is 25 sel ected depending on the

i ncl i natiningf theeeohkiguees i neraNDo20040000568rPCTYD FFG08PE87487 - 99
portion. Hence, it is possible to prevent a situation where the character

becomes £t Q11 ke raggy¥epotsd iomeegdaoteiemreentonspi cuous by the jaggy
correction which is carried out using
In addition, the jaggy correction may be made using
only the small ink drops as shown in FIG. 17B when the
10 inclination is 1/1 or less, and the jaggy correction may be
made using the small ink drops and the medium ink drops as
shown in FIG. 32B when the inclination is greater than 1/1.
Moreover, it is possible to correct two dots before
and after the transition points (that is, the number of
15 corrected dots is four) when the inclination is 1/1 or less,
and to correct one dot above and below the transition point
when the inclination is greater than 1/1, as shown in FIG. 17B.
By changing the jaggy correction method depending
on the inclination of the oblique line portion, it is possible
20 to select an optimum number of small ink drops having
differént positions, and obtain a high picture quality
regardless of the inclination of the oblique line portion.
As described above, the dot data conversion method
or the dot forming method (jaggy correction method) is

25 selected depending on the inclination of the oblique line



the smal|l dots, as was the case when the inclination of the 5 oblique line
portion is 1/1, 1/2 or 2/1, for exanple. Hence, it is always possible to
carry outwerzoegpiodisdm j aggy correction. The ink used foPCrhezwzoomsli ng nmay
at least include a pignment of 6 wt.%or greater, a wetting agent, a

sol ubl e organic solvent, anion or nesbden based surface active agent, 10
pol yol e or glycol ether with carbon nunber 8 or greater, and ure water,
as descrﬂ%ﬁ%”éﬁbveﬁepﬁeadHFt%?ﬂﬁo%qﬁ?%enﬁp PF§86§€t@ Sftuatiieon Wkekgy be 8 cp
(25C) or greater. In this case, it is possible to obtain the follow ng
advant ageets chefeedes PEInEEjatvren thise Jrgoyr donigldms beasbamessimnget hi s i nk,
15 even when the recording is nade on plain paper. (El') Good col or tone
(suffici emnspdlavougeber ahé onaagmd coraleat ibaprnduei bi |ddnbied B Hsghgi mage
tone; (E3) Sharp picture quality free of feathering phenonenon 20 and

col or bl eedi RgapheapRENOAs iwhd hehLhakactaes and |4@86;.+GE4) okmage having
little ink penetrating phenonenon to the other side of the recording

medi um a | e . 1 ecqr.di ng; 5)-H gh _ink dryin
charaglegggﬁﬁgeigggknag %ggﬁgfégﬁér?é?igg %&Fté%nf%%BﬁFgﬁ?spgggc?ecording;

and WO 20Q4/.000563 PCT/ JP2003/,007487 -100 (E6) H gh ruggedi zed
characte%&éﬁfcagﬁgﬁsagof? S eSPerEnlE taf Véﬁ ‘g?é§@§Waﬁ€ér6Ft%%%'inage.

Therefore, it is possible to greatly inprove the
The ink used for ‘the recording may at least include

a pigment of 6 wt.% or greater, a wetting agent, a soluble
organic solvent, anion or nonion based surface active agent,
10 polyole or glyccl ether with carbon number 8 or greater, and
pure water, as described above. In addition, the ink
viscosity of this ink may be 8 cp (25C) or greater. In this
case, it is possible to obtain the following advantageous
effects (El)-(E6) when the recording is made using this ink,
15 even when the recording is made on plain paper.
(E1) Good color tone (sufficient color generation and
color reproducibility) ;
(E2) High image tone;
(E3) Sharp picture quality free of feathering phenomenon
20 and color bleeding phenomenon in the characters and image;
(E4) Image having little ink penetrating phenomenon to
the other side of the recording medium and applicable to
duplex recording;
(E5) High ink drying characteristic (fixing

25 characteristic) suited for high-speed recording; and



i mge tone, color generation, color reproducibility, 5 feathering, color
bl eedi ng, duplex recording characteristic, fixing characteristic and the
| i ke, to wbeoetnposedal i ze a high picture quality. FurtheCrarPz03/hyr487
correcting the periphery of the stepped transition portion of the dots
form ng the contour portion of theXharacter or graphics by formng the

i phery 10 he_st d t t t by_t | dot t
possible to obtSih GOt TRGEIHth 4 oPPRGC- ChT ateth QR Ere and & fine

oblique line quality. In addition, since it is possible to record a high
qual ity éﬁﬁﬂééﬁ@?ee§%ﬁ %&t%FIﬁﬁﬁ%ﬁé%ﬁpﬁtPSnth?tlm%W$055|bIe to 15 formthe
i mge by a one-path non-interlacing, to thereby inprove the recordi ng speed
(printing speed). AShareftiwd i0f isagdisagbihetsnmréatdat smorbviestpessible to
detect the stepped transition portion of the bi-level inage, and to
gener at e itlhege dohedatalof ddiersitdloh,deblstzeeplepandivigief,t he detecti on 20
result. Consequently, it is possible to positively add an optinmm snal

i nk dsop rRRGnEARAGYecther chalaatef, auahbkYrechriieiREEctbhespPsi tional
error of the dot's caused by the di'fferent dot formng tinmes for t he

di fferente, Jiols mggaéﬁffmga . pol hecope C@@Sﬁ&&%%% BL08 5018%%00563

correction ev n que lIine portion
PCT/JP2003/ 07487 -101 i natlon greater th %%' a.result,
char act eP*“qUiafi € Va%fFY n uﬁ? SdEPEFT oAt BT BYC %ﬁ? §g§656P?%E¥|%ﬁ even

when the inclination is large. In other words, an optinmm
the stepped transition portion of the dots formlng the contour

portion of the character or graphics by forming the periphery
10 of the stepped transition portion by the smaller dots, it is
possible to obtain an image having a fine character quality
and a fine obligque line quality.
In addition, since it 1s possible to record a high
quality character even at a low resolution, it is possible to
15 form the image by a one—-path non—-interlacing, to thereby
improve the recording speed (printing speed). As a method of
adding the small dots, it is possible to detect the stepped
transition portion of the bi-level image, and to generate the
dot data of the small dot size depending on the detection
20 result. Censequently, it is possible to positively add an
optimum small ink drop and improve the character quality.
Furthermore, the positional error of the dots
caused by the different dot forming times for the different
ink drop sizes will not become conspicuous by the jaggy

25 correction even when the obligue line portion has a large



jaggy correction can be made with respect to oblique |ine 5 portion having
any inclination, to positively inprove the character quality. In the
enbodi mrerwe 2dewpicded heretofore, the imge form ng appararu®3/imsnge
recordi ng apparatus) of the present invention is applied to the ink-jet
printer. However, the 10 inmage procek&lmg apparatus, the printer driver or

t he i mage rocessi ng net hod accaording._to the esent invention is not
limted tldmﬁﬁél‘%ﬁﬁﬁ e bR tg‘atrhel/gr'eatn*isoﬁ B‘Fsﬁfe' i%gé:h(‘]l&?&tefo be
transferred to the ink-jet printer, and the present invention may be

si mi | arl yuse igpphiidd pottlhe dtetiogrt6f PHeths Jamte c@aTectéoBeeYeansf erred
to an el ectrophot ography type inage form ng apparatus (imge recording
appar at usdhesudheasncl asetiqr i drasrgand LEDophéntverds | mnadgittimom, t he
present invention rmay be simlarly applied to the creation of the inmge

data to bBegRyt RUkrbytasn i cagedingilayiappacabsst capalyle quéliehechangi ng the
dot size. FIG 37 is a diagramgenerally showi ng an el ectrophotography

type sma Jﬂﬂ%? ﬂgv§9€aéﬁ§L§hcfﬂﬂ§ti%%,i%oaﬁogiéﬁﬁéﬂpgﬁﬂ$%%%gl¥h§h0mﬁng a
process cartridge of The ™ el ectrophot ography type i'nagé form ng appar at us.
25 An inage forninguagggratus 440 shown in FIG 37 is W 2004/000563

PCT/ JP20 67487 99302°% ki nd of |aser printer which fornms a full color

bl ack (BK)° The | mags Faf nie ST R GE°da0 Hin aigaze Thettnbgd 21
forming apparatus (image recording apparatus) of the present
i invention is applied to the ink-jet printer. However, the

10 image processing apparatus, the printer driver or the image
processing method according to the present invention is not
limited to the application to the creation of the image data
to be transferred to the ink—jet printer, and the present
invention may be similarly be applied to the creation of the

15 image data to be transferred to an electrophotography type
image forming apparatus (image recording apparatus) such as
laser printers and LED printers. In addition, the present
invention may be similarly applied to the creation of the
image data to be output by an image display apparatus capable

20 of changing the dot size.

FIG. 37 is a diagfam generally showing an
electrophotography type image forming apparatus. FIG. 38 is a
diagram generally showing a process cartridge of the
electrophotography type image forming apparatus.

25 An image forming apparatus 440 shown in FIG. 37 is



i ncludes four optical wite (recording) units 442M 442C, 442Y 5 and 442Bk
for emtting | aser beans depending on i mage signals of the correspondi ng
col ors MwGQ,2004/@nw3Bk, four process cartridges 441M 42CTIrP293/N07asmd 441Bk
for formng imges in colors M C, Y and Bk, and a paper supply cassette
443 whi ch accommodat es recordi ng papée-on which the inmages are to be 10

transferred.. A p r suppl ol l er,. 444 supplies_the recording paper from
t he paperasﬁﬁﬁiiﬁgg§§§Ft§riﬁ ?raﬁ%ﬁébr%%ﬁ¥%EWéPﬂércohﬂ% VS PEENY t he
recordi ng paper at a predetermned timng. A transfer belt 446 transports
t he recor &8PWg 55d3er O30St PAnBReen por )on cybnedEh, ofelher pfcess cartri dges
441M 441C, 15 441Y and 441Bk. A fixing unit 449 fixes the inmage

t ransf er rleteclontBk)t.-he Thec dmdgagf paperg aAppapetsejieCtgemdtar 450 ej ects the
recordi ng paper after the fixing onto a paper eject tray 451. The four

process cafdlidigesoddlMpotr444C, wAMY andorddiBk havesthensamestrugbyre
showmn in FIG 38. As shown in 20 FIG 38, the process cartridge integrally

>l I . . 3 ess 098 L nLear
includes whd NMapedk re@SLRAYLR géumé&a%ge%gﬁ agpgﬂaﬂyggl(&er%vel@%@gl agw ch1s

provi ded as an i nage bearing nenber, arging ro v%loping

unit 454, a cl eani ng bl ade 459, oner _supply roller, a charging

rol | er, dﬁﬁggK%fgggFSE?agf%gt?%%%%%r’ I'a ea5§78%nd&§”f6ﬁ§FeF§turn rol | er
WO 2004/ 000563 PCT/ JP2003/ 007487 ~-103 458 are provided within the

devel opi NP UNI'E9%54 243ld £oHer 1LY @rcofrdBRoRar nEPEHIngG imegg6cdfmodat ed
within the developing wunit 454. In addition, a slit 460 through which the
| aser colors M, C, Y and Bk, and a paper supply cassette 443 which

accommodates recording paper on which the images are to be
10  transferred. A paper supply roller 444 supplies the recording
paper from the paper supply cassette 443, and a resist roller
445 transports the recording paper at a predetermined timing.
A transfer belt 446 transports the recording paper to a
transfer portion of each of the process cartridges 441M, 441C,
15 441Y and 441Bk. A fixing unit 449 fixes the image transferred
onto the recording paper. A paper eject roller 450 ejécts the
recording paper after the fixing onto a paper eject tray 451.
The four process cartridges 441M, 441C, 441Y and
441Bk have the same structure shown in FIG. 38. As shown in
20 FIG. 38, the process cartridge integrally includes within a
casing a drum-shaped photoconductive body 452 which is
provided as an image bearing member, a charging roller 453, a
developing unit 454, and a cleaning blade 459.
A toner supply roller, a charging roller, an

25 electro;tatic transport plate 457 and a toner return roller



beam from the correspondi ng optical wite unit enters is 5 provided in a
rear surface of the process cartridge 441. Each of the optical wite units
442M 4422E0 AaAb056and 442Bk i ncl udes a seni conduct or | a®€m/JP2008/00487Trat OF

| ens, an optical deflector such as a polygonal mrror, and a scanni ng and
i magi ng optical system and emts ajgaser beam 10 which is nodul ated
dependi ng on the image data of the corresponding color input fromthe host
unit (i ne§é precessiinipd appadat tby decelesing pedsodal - ceRPuteReprivi ded
externally to the image form ng apparatus. The | aser beans fromthe
optical aWebtgetbdridsi D1 A42E, adddinadu ot 2Bk hdmanhthdetdlghotmconduct i ve
bodi es 452 of the correspondi ng process cartridges 441M 441C, 441Y and

441BK, sQ.@$ LW i#e 58]80t0stakh e+ ! & @ntniAREeS eIt BRePDOE@EONduUCt i Ve
bodi es 452, “Wien t he imge formation starts, the photoconductive body 452

of each of th rogess, cartridges g? 441IM, 441C, 441X and 441BK is
. Ical n s7T
uni form eéﬂa?ﬁ%ﬁ %ﬂ‘/e t%oerrcﬁnglgnggro Fer 4§J§ angi1 t he Paser beam from each
of the optical wite units 442M 442 442Y and Aé4 I%k sga[rfglthe
phot 02 on@%EViE98d bR 45 oS UHE CEoPF e 5Pt R Gh &G ERES process
cartridges 441M 441C, 441Y and 441Bk, so as to wite 25 electrostatic
| atent i mage on t heEaHotof diduCPt:eabolyl Bsnils 296 066563 +42Y
PCT/ JP2003/ 007487 -104 The electrostatic latent inmage formed on the
phot oconduelt ¥¢eBk byl Wb izs seevebogedtandladsuald zedlipasod tomer i mage by
the toner of the corresponding color electrostatically transported
an optical deflector such as a polygonal mirror, and a
scanning and imaging optical system, and emits a laser beam
10 which is modulated depending on the image data of the
corresponding color input from the host unit (image processing
apparatus) such as a personal computer provided externally to
the image forming apparatus. The laser beams from the optical
write units 442M, 442C, 442Y and 442Bk scan the
15 photoconductive bodies 452 of the corresponding process
cartridges 441M, 441C, 441Y and 441Bk, so as to write
electrostatic latent images on the photoconductive bodies 452.
When the image formation starts, the
photoconductive body 452 of each of the process cartridges
20 441M, 441C, 441Y and 441Bk is uniformly charged by the
charging roller 453, and the laser beam from each of the
optical write units 442M, 442C, 442Y and 442Bk scans the
photoconductive body 452 of the corresponding one of the

process cartridges 441M, 441C, 441Y and 441Bk, so as to write

25 electrostatic latent image on the photoconductive body 452.



by the electrostatic transport plate 457 of the developing 5 unit 454. A
pul se- shaped devel oping bias is applied between confronting portions of
t he phot owordutopsse body 452 and the el ectrostatic trameparroopbenier 457 for

t he devel opi ng and visualization of the electrostatic |atent

image into the

toner image. The toner not used foriphe developing is transported 10 by
the electrostatic transport plate 457 and returned by the toner return
rol | er 45He Hlectaesitditng papert witaten formegaper tiapphgtocansiistizeqq3 i s
supplied by the paper supply roller 444 in synchronismwth each col or

i mge forhaty dib2atist Hevpi.opedsandd wiaualiidgds i440My 4l 4abb¥ &gd tA41Bk,
and is transported towards the transfer belt 446 by the resist roller 445

at a pregatar BMmedet cBirPgspdheiieyidinng1papebstst Laa 11 £ ynshhetelir ansf er
belt 446 and successively transported to pass by the photoconductive body

452 of eagh «qfs te'i%}g:%%‘ﬁé%i?aﬁéﬂ&ﬂﬁ% %Qa%él%ﬂélﬁctdh%@e\(reﬁ% 1441BKk. Hence,

the toner 7i nages of eac of the colors Bk, Y, C an

are suaccessively

transferred .o the_recordi ng paper .in.an gverl apping .mapner. The
e nadh ARG ERe- LOREY Tge:BR PYES: Shrmiot {7 SERcTor r ed

recoréing paper'haviﬁg i mage

thereon in the overl apping manner is _transported to the fixin

25 unit 449

whi ch i ncFUHE &I PRETHEIE 2470 PIR SHrFesSuFE Vi 12084, Br0568 the
PCT/ JP2003/ 007487 -105 roller 448, and a full color toner inmage is fixed
on the re@asitdiosgapapgetrarpecrecorafindsgager ket devrekriciedndnto the

paper eject tray 451 by the paper eject roller 450.

visualization of the electrostatic latent image into the toner

image. The toner not used for the developing is transported

10 Dby the electrostatic transport plate 457 and returned by the

toner return roller 458.

The recording paper within the paper supply

cassette 443 is supplied by the paper supply roller 444 in

synchronism with each color image formation at the process

15 cartridges 441M, 441C, 441Y and 441Bk, and 1is transported

towards the transfer belt 446 by the resist roller 445 at a

predetermined timing. The recording paper is carried by the

transfer belt 446 and successively transported to pass by the

photoconductive body 452 of each of the process cartridges

20 441M, 441C, 441Y and 441Bk. Hence, the toner images of each

of the colors Bk, Y, C and M are successively transferred onto

the recording paper in an overlapping manner. The recording

paper having the toner images of the four colors transferred

thereon in the overlapping manner is transported to the fixing

25 unit 449 which includes a fixing belt 447 and a pressure



FIG 39 is atimng diagramfor explaining a dot 5 size change in this

el ect rophot ography type inmage form ng apparatus. FIG 39(a), FIG 39(b)
and FI G w0(20)4/®btwa vari ous ON and OFF tinmes of the | agemr/Ipzmpnamasch is
emtted fromeach of the optical wite units 442M 442C, 442Y and 442BK.

It is possible to change the dot siizs-fornmed on the photoconductive 10
body 452 by changing the ON and OFF tines of the |aser beam as shown.

Ther ef or eplipe AF8t Lred qualyltly cearrbECRMprvaite iFarftiicedl arl {*at a | ow

resol ution, by correcting the periphery of the stepped transition portion
of the deksofatni ngapdre. 15rtcontecordpogt papenfis Hhethajacted amdd otheyr aphi cs
by formng the periphery of the stepped transition portion by the smaller

dots or ?)é eoNxesti ngries Totsy, iAkophper sepddercdlates; 480d changing the
met hod o Forning the small dots or the nethod of converting the dots into

the small dots depepding;on; ¢ faet%%ihe;cahgaﬁr@?f&} é}&ﬂa&%&hgug gottion. Of

course, the structure of the recording head o the ink-jel printer
described.above is not |imted to that of_ _the described i ment, and
var i oi’ﬂs St-hEr CE?’P%‘EthﬁeJ%hjrﬁaye eé:trﬁgg }L‘O%ﬁ%%h o %édra%% f?%gg nk-j et head
whi ch uses a heating 25 resistor _and_an el ectrostatic Eygg ink-%et head
whi ch usé®rarr20047 BO05EB(PCTEFF2002 00 748F FLe06 Aihr SPPBNVHIEIE and an

el ectrode. In addition, although the present invention is applied to the
i mage f oo rgdappPEratmes it thee lasser Phed ek iferfd ttred 50| 83¥Cpossi bl e
to simlarly

of the optical write units 442M, 442C, 442Y and 442Bk. It is

possible to change the dot size formed on the photoconductive
10 body 452 by changing the ON and OFF times of the laser beam as
shown.

Therefore, the picture quality can be improved
particularly at a low resolution, by correcting the periphery
of the stepped transition portion of the dots forming the

15 contour portion of the character and/or graphics by forming
the periphery of the stepped transition portion by the smaller
dots or by converting the dots into the smaller dots, and
changing the method of forming the small dots or the method of
converting the dots into the small dots depending on the

20 inclination of the contour portion.

Of course, the structure éf the recording head of
the ink-jet printer described above is not limited to that of
the described embodiment, and various other structures may be
used, such as a thermal type ink-jet head which uses a heating

25 resistor and an electrostatic type ink-jet head which uses a



apply the present invention for the imge processing and 5 gradation
representati on when outputting inmage data to an inmage display apparatus. A
conput er -woeadairoeseést or age nmedi um according to the preseat/Jeeantiden for med
by a recordi ng medi um which stores a conputer programfor causing a
conputer to carry out the inmage 10ipkecessing of the present invention
descri bed above. The recording nmedium form ng the conputer-readabl e storage
nmedi um weyrdel dromiedehpnangn ke FeFBIodeecorldi RIAEHPIM TegEI® $2€ storing

t he conputer program such as sem conductor nenory devices, storage units,
and nmagnetésenopitrivealtiand i ragpet ted S-opthiec dinagec 6o diirg iz thise isonput er
program may of course be obtained via a network froma first conputer and

i nstal | egheideddie HRL QnioRgnaRE: UM SUGh AASca pokeiBUe thidimflaalsecond
conputer. Further, the present inventionis not limted to 20 these

enbodi me ' Lat ] di-bleati-9R/s Hy made wi t hout
depart | nﬁﬁﬁ%%ﬁ%ﬁéc%%? &t "%ﬂ%i%"?ifsﬁ? B s T 28 005063

PCT/ JP2003/ 007487 _-107 CLALMS 1. An | £ or ] for forni
| oGS BB Y O ot S Sl 05 PR Ry R hane or forming a

periphery of a stepped transition portion of a contour portion of at |east
a image display apparatus.

A computer-readable storage medium according to the
present invention formed by a recording medium which stores a
computer program for causing a computer to carry out the image

10 processing of the present invention described above. The
recording medium forming the computer—readable storage medium
may be formed by any kind of recording medium capable of
storing the computer program, such as semiconductor memory
devices, storage units, and magnetic, optical and magneto-

15 optical recording media. The computer program may of course
be obtained via a network from a first computer and installed
in the recording medium such as a storage unit of a second
computer.

Further, the present invention is not limited to

20 these embodiments, but various variations and quifications

may be made without deparfing from the scope of the present

invention.

25



character and/or graphics of the inmage by dots having a snmaller size than
dots form ng portions other than the stepped transition portion; and 10
det er m niwg 20®@85680r determ ning a net hod of form ng tReT/Id203/007a8i ng t he
smal | er size depending on an inclination of the contour portion. .2. The

i mge formng apparatus as clainmed-l®7¢daim 15 1, wherein said determ ning
nmeans determ nes the smaller size of .the dots depending on the inclination
of the contour line portion. 3. Th@lﬁﬁgﬁe form ng apparatus as clainmed in
claim 20 1 or 2, wherein said determ ning neans varies a nunber of dots
having the small er size depending on the inclination of the contour
portion. 4. The imge form ng apparatus as clainmed in any 25 of clains 1
to 3, wherein said formmgmeansoiralng & WO R0F4H0FOSH6INECTN JIR2ODI/ 007487
-108 periphery of the stepped transition portion by the dots having the

smal | er sizg phanaihe, dot sidf@r nebgiptheifgrtions other than the stepped
transition portion when a resolutionis low 5 5. The inmage form ng

apparat us as Cilot@n{ﬁ% B8 o Pf ﬂn%!r{[:)s altptegiéhewe&_eiél Sad g dorm ng neans

i ncl udes detection neans for detecting the Stepped transition portion of
t he i mage ns_includes t data_.conversion neans

, _and said determ ning ne
for convérefAgtthe Qﬁﬁ?&quoghg SSP?BHEr@O%¥“¥bC$ﬁ8tS 8885d t ransi ti on
portion into the dots having the , ,
character and/or graphics of the image by dots having a
smaller size than dots forming portions other than the stepped
transition portion; and
10 determining means for determining a method of forming the

dots having the smaller size depending on an inclination of

the contour portion.

2. The image forming apparatus as claimed in claim
15 1, wherein said determining means determines the smaller size
of the dots depending on the inclination of the contour line

portion.

3. The image forming apparatus as claimed in claim
20 1 or 2, wherein said determining means varies a number of dots
having the smaller size depending on the inclination of the

contour portion.

4. The image forming apparatus as claimed in any

25 of claims 1 to 3, wherein said forming means forms the



snmal l er size than the dots formng the portions other than the stepped
transition portion. 6. The image form ng apparatus as clainmed in any 15 of
clains 1 WO 2604/00b®Bei n said form ng neans i ncludes a headT/Jrtnogho@gzect s an
ink onto a recording nmediumand fornms the dots by drops of the ink to form
the image on the recording nmedium 108he inage form ng apparatus as

claimed in claim 20 6, wherein said ink includes 1/pi ment, a so|uble
organi c PSSRPBREY %ﬁlEﬁ@cﬁtﬁﬂﬂﬁqoﬁr8&§éal§ﬁr?%f%“ﬁb&i éggggﬁ?s pori¥e or
glycol ether with carbon nunber 8 or greater, and pure water. 25 8. An

i mage pr édessiaglappakze usidrorthiodeitg faRMVEY 200%/I000563SPCThe P200S] 007487
-109 image data which is used to forma corresponding image by a plurality
of dots, thenptepbaqd: tcanveridmgoredns fibenconvesdliuigca per iiphery of a
stepped transition portion of a contour portion of at |least a 5 character
and/ or graphics of the image into dots having a snaller size than dots
form ng portions other than the stepped transition portion; and

det ergining means fgr dﬁﬁsrmw%%ﬁqﬁghggp%a@g@v% $1%qmehh§nd9£§ havi ng

the smal |l er size dependlng on an inc atton e contour portion. 9.
The i mage essi p ar tus .as cl.ained in erein said
deternlnlﬁp ﬁ@éﬁg ge?% ShHE §ﬁ§$ germé? én%ﬁnﬁlﬁgc g%s *dependi ng on the
inclinatlon of the contour , o ,

detection means for detecting the stepped transition portion

of the image, and said determining means includes dot data

conversion means for converting the dots in the periphery of

10 the stepped transition portion into the dots having the

smaller size than the dots forming the portions other than the

stepped transition portion.

6. The image forming apparatus as claimed in any
15 of claims 1 to 5, wherein said forming means includes a head
which ejects an ink onto a recording medium and forms the dots

by drops of the ink to form the image on the recording medium.

7. The image forming apparatus as claimed in claim
20 6, wherein said ink includes a pigment, a soluble organic
solvent, anion or nonion based surface active agent, polyole
or glycol ether with carbon number 8 or greater, and pure

water.

25 8. An image processing apparatus for forming an



15 line portion. 10. The inmage processing apparatus as clainmed in claim$8
or 9, wherein said determ ning neans varies a nunber of dots having the
smal | er swoeoddpessdi ng on the inclination 20 of the comCourP2qaniisgn. 11.
The i mage processing apparatus as clainmed in any of clains 8 to 10,
wherein said converting neans conveti@-the dots at the periphery of the

stepped transition portjon 25 into the dots having the smaller size when a
Iom#resol%WQQﬁﬁdﬁ%ﬁZ@BﬁF%OB%6%§¢QﬂVQ] B3R0694BTSPAAAHT (FEgrdPHgRi s
selected. 12. A printer driver for creating an inage data to be supplied
to an i mEyéFeimyngfapphs at e@Wiki T orns a 5 corresponding i mage by a
plurality of dots, conprising: converting neans for converting a periphery
of a stepped ¢tomresitinn meemnsi dorotoaveoniraura pertipbprof oft a | @asipeal
character and/or graphics of the inage into dots having a snaller size

t han dot scd@isAithgnppbtt 088 Of hercddiaurt Berst 6Rped 210 daansi tion portion;
and determ ning neans for determ ning a nethod of converting the dots

havi ng the,suakber .gh28- depgndi g AN a0 %ﬁ%%énfﬂ{6”h05§: %angzgtour

portion. 15 13. The printer driver as cl dinclam erein said
deternini%%. ans.determ nes t smal |l er _size of . the dots.depending on the
Tncti nat IR IOER RaTE o RhEh v, a3 R BRrBidfs endi et 2nE°BERGES
transition portion; and
determining means for determining a method of converting

the dots having the smaller size depending on an inclination

10 of the contour portion.

9. The image processing apparatus as claimed in
claim 8, wherein said determining means determines the smaller
size of the dots depending on the inclination of the contour

15 - line portion.

10. The image processing apparatus as claimed in
claim 8 or 9, wherein said determining means varies a number
of dots having the smaller size depending on the inclination

20 of the contour portion.

11. The image processing apparatus as claimed in
any of claims 8 to 10, wherein said converting means converts
the dots at the periphery of the stepped transition portion

25 into the dots having the smaller size when a low-resolution



20 14. The printer driver as clainmed in claim112 or 13, wherein said
determ ning neans varies a nunber of dots having the snmaller size

dependi ngworzoedimosedcl i nati on of the contour portion. 2BCIBP2006/@07p87 Nt er
driver as clained in any of clains WO 2004/ 000563 PCT/JP2003/007487 -111
12 to 14, wherein said converting nmebh&-converts the dots at the periphery
of the st]_gaeoc%%ditracrﬂgitign Eortion into the dots having the smaller size
when a Iovv-reéiolngtl 8n°reco %ﬁihg is selected. 5 16. The printer driver as
claimed in any of clains 12 to 15, wherein the inmage form ng apparatus
includes a head which ejects an ink onto a recording nmediumand forns the
dots by drops of the ink to formthe imge on the recording nmedium 10 and
sai d ink includes algignanprimteonlddilverofganctesblven inmgieodate honi on
based surface active agent, polyole or glycol ether with carbon nunber 8
or great érg sapglpedetvaterimdde ArminggeppsOSESS| WGl dretdaehsf ar form ng an
15 image data which is used to forma corresponding image by a plurality
of dotss, &AMUSHSNAGENGCONNEE thNG BHIRLENRRGT ¥ r0fico s SteRRed ikhghsi tion portion
of a contour portion of at least a character and/or graphics of the inage
into dots havi sha| iZ h . form : rtions .other. than

t he stepped tr%%%‘?etl on ﬁeta?lgn?ognggn‘%%nrﬁorﬁn%%galgﬁg?ﬁoéko“;r\ Sct(?r?\}}eerdti ng the
dot s havitnrg:l th

n51%ion portion of a contour portion of at least a
character and/or graphics of the image into dots having a
smaller size than dots forming portions other than the stepped

10 transition portion; and
determining means for determining a method of converting
the dots having the smaller size depending on an inclination

of the contour portion.

15 13. The printer driver as claimed in claim 12,
wherein said determining means determines the smaller size of
the dots depending on the inclination of the contour line

portion.

20 14. The printer driver as claimed in claim 12 or
13, wherein said determining means varies a number of dots
having the smaller size depending on the inclination of the

contour portion.

25 15. The printer driver as claimed in any of claims



smal | er size depending on an inclination of the contour portion. 25 18.
The i nmage processing nethod as clained in WO 2004/ 000563 PCT/ JP2003/ 007487
-112 cl aiwp2éo4/oab®Bei n the small er size of the dots is aergrmos/ea487
depending on the inclination of the contour line portion. 19. The inmage
processing method as clainmed in 5 cththTr17 or 18, wherein a number of dots

havi ng tﬁ% %%?hh?rggékéﬁ%i§aﬂ§ﬂ£§ﬂm§%ﬁ%&dh99ngﬂ%é e}@ChﬂﬁﬁtE%Q 8 the

contour ‘portion. I MAge processrng ne as clainmed ind any 10 of

clainms 17.to_19. erei he dots at . the ri phery of the stepped
transitiof epgl’etriiBﬁgﬁ?’eogo ert Heﬁt 5@??3%6?’5 ?I%J;Y/J?Jﬁﬁl e Shal FeEssi ze
when a | owresolution recording is selected. 21. A conputer-readable
st or age MEdiHH WRECAMABEL]Y otiae &hsinogr aRTF BESehsiony necosmputeisto form an
imge data which is used to forma corresponding inage by a plurality of
dots, sais¢lgcggdam conprising: a converting procedure which causes the
conputer to convert a periphery of a stepped transition portion of a 20
contobr portion of at |east a character and/or graphics of the inmage into
dots having a smaller size than dots formng portions other than the

stepped transition pertigne @nd@ detetminiogd.pLag lirnea\f\@! gl £RUSAS the
conputer to determ ne a nethod of converting the dots having the snaller
25 size QQP%Bdhgg Qﬂef%ﬁﬂr¥ﬂé Q%gb nf8£m£§§ §§£§£€’ﬁé”%%%&%@és a head
which ejects an ink onto a recording medium and forms the dots
by drops of the ink to form the image on the recording medium,
10 and said ink includes a pigment, a soluble organic solvent,

anion or nonion based surface active agent, polyole or glycol

ether with carbon number 8 or greater, and pure water.

17. An image processing method for forming an
15 image data which is used to form a corresponding image by a
plurality of dots, comprising:
converting a periphery of a stepped transition portion of
a contour portion of at least a character and/or graphics of
the image into dots having a smaller size than dots forming
20 portions other than the stepped transition portion; and
determining a method of converting the dots having the
smaller sizé depending on an inclination of the contour

portion.

25 18. The image processing method as claimed in



WD 2004/ 000563 PCT/ JP2003/ 007487 -113 22. The conputer-readabl e storage
mediumas clained in claim?21l, wherein said determ ning procedure causes

t he conpuwerot4noosster mi ne the smaller size of the dots Pcadgpznaergson t he
inclination of the contour line portion. 23. The conputer-readabl e storage
mediumas clainmed in claim2l or 22ll&herein said determ ning procedure

oo ne AR Pk AR Y8 S, O A0LS DAY 88 "5, WepIRlEG o128

dependi ng on the i nc |na i on e contour
conput er - ead | e stor medj um as clalned in any of clains 21 to 23,
wherein s e P i i%ckﬁ%%gﬂﬁfé §G§e§oﬁﬁ@quHﬁH%éK”ﬁGO@onvert t he

dots at the perlphery of the stepped transition portion into the dots
having the smaller size when a |lowresolution recording is selected. 20

25
19. The image processing method as claimed in

5 claim 17 or 18, wherein a number of dots having the smaller
size is varied depending on the inclination of the contour

portion.

20. The image processing method as claimed in any
10 of claims 17 to 19, wherein the dots at the periphery of the
stepped transition portion are converted into the dots having

the smaller size when a low-resolution recording is selected.

21. A computer-readable storage medium which
15 stores a program for causing a computer to form an image data
which is used to form a corresponding image by a plurality of
dots, saild program comprising:
a converting procedure which causes the computer to
convert a periphery of a stepped transition portion of a
20 contour portion of at least a character and/or graphics of the
image into dots having a smaller size than dots forming
portions other than the stepped transition portion; and
a determining procedure which causes the computer to
deterﬁine.a method of converting the dots having the smaller

25 size depending on an inclination of the contour portion.
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22. The computer-readable storage medium as
claimed in claim 21, wherein said determining procedure causes
the computer to determine the smaller size of the dots

depending on the inclination of the contour line portion.

23. The computer-readable storage medium as
claimed in claim 21 or 22, wherein said determining procedure
causes the computer to vary a number of dots having the
smaller size depending on the inclination of the contour

portion.

24. The computer-readable storage medium as
claimed in any of claims 21 to 23, wherein said converting
procedure causes the computer to convert the dots at the
periphery of the stepped transition portion into the dots
having the smaller size when a low-resolution recording is

selected.



