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-1 DESCRI PTI ON | MAGE PROCESSI NG METHOD, PRI NTER

DRI VER, | MAGE PROCESSI NG APPARATUS, | MAGE FORM NG
APPARATUS AND | MAGE FORM NG SYSTEM 5 TECHNI CAL FI ELD
The present invention generally relates to inmage
processi ng nethods, printer drivers, inmage processing
appar at uses, inmage form ng-Jlapparatuses and i nage
form ng 10 systens, and ticularly to an i nmage
processi ng nethod, a prgﬁ%§$9§$¥9%r, an i mage
processi ng apparatus, an image form ng apparatus and
an image formng systemthat are suited for carrying
out an ink-jet recording. 15 BACKGROUND ART As i mage

f o HPRE HINGeMESHOR, aBRPNTER (IRLVER], alMAGE| PROCESSING
appar at uses, copyi ng apparatuses and conposite (or
MBPPARATIVE | IMRGEA FPRMANG SRBPARNIUR Ane thinngt FORSTIRE sysTEM
the printer, facsim|le apparatus and copyi ng

apparatus, there are 20 the so-called ink-jet

recordi ng apparatuses which use an ink- jet recording
rheaRicio gl e. The ink-jet recording apparatus
makes amTmage formation on a recordi ng nedi um by

ej ecting hﬂgafron1the,ink-'et recordi_ng head onto the
recor di ng POt S the 1 P BERY HY i P SRR AY S 1 dkep aperimage
OHP fi] m 25 or any suitable recordi ng sheet onto which
PrRecs e ddpthedse” pEhel ek . drireisradeager petd¢essing

i ncl udes various kinds of
apparatuses, image forming apparatuses and image forming

systems, and more particularly to an image processing method,
a printer driver, an image processing apparatus, an image
forming apparatus and an image forming system that are suited

for carrying out an ink-jet recording.

BACKGROUND ART

As image forming apparatuses such as printers,
facsimile apparatuses, copying apparatuses and composite (or
multi-function) apparatuses having the functions of the
printer, facsimile apparatus and copying apparatus, there are
the so-called ink-jet recording apparatuses which use an ink-
jet recording head, for example. The ink-jet recording
apparatus makes an image formation on a recording medium by
ejecting ink from the ink-jet recording head onto the
recording medium. The recording medium may be paper, OHP film

or any suitable recording sheet onto which the ink may be
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recording and printing of characters, images and/or
phot ographs. In such an ink-jet recordi ng apparatus,
increasing 5 the resolution is one elenent for
increasing the picture quality of the inage that is
formed on the recording nedium A pitch of nozzles of
the recording head that ej-cts the ink my be reduced

abﬁ orger,gg obtain a h%gh resol uti on. However, since

8Fet s Dy aCaf OFPRFLOP ol RS arAe Rok2Nds of

pitch, 10 the so-called interlace scanning is carried
rgeprdangisand prgptang afr ebataciors.t Haeges andioteger
mul tiple of the nozzle pitch, with the sub scanning

photogegpiisli ng sheet feeding) accuracy and the inpact
dot diameter permtting. Increasing the operation

speed (or r1eGRicH BE $ARSH:t ﬂébéﬁdﬁﬂﬁab?grﬁgﬁs, increasing
recordi ng apparatus is another inportan el enent

' ' ' t ' lJty. P icul arl
ces}esyineieas! st Bechift G, abtsnEertgchlavl

apparat us .i.n ,which_the recordi ng head scans in a main
QBRI dithe dPRBR A 1Py @G henEarorelng sadim.
a sub scanning direction, it 20 is possible to achieve
A PHecbhrf MpZEpeedof nble i seepysiog herdl fhat weie¢testhe ink
that of a one-way recording, by carrying out a two-
M ybe aesshudiaty thoprder die evttiadmala hegbr desglutdidreh However,
ejects the ink onto the recording sheet during both a
simeawrltbeatis Gophysdwal Phin tpaichre@ndi Ag Mefd!Mb AN pitch,
(or up-path) of the 25 recording head scan in the main

196 A A0 1A e6tbPNacs S BUnMREN o R rE 103 WAY: F&F Y ding

Is carried out, it
obtain a resolution that is an integer multiple of the nozzle

pitch, with the sub scanning (or recording sheet feeding)
accuracy and the impact dot diameter permitting.

Increasing the operation speed (or recording speed)
of the ink-jet recording apparatus is another important
element besides increasing the picture quality. Particularly
in the case of a serial scan type image forming apparatus in
which the recording head scans in a main scanning direction
and the recording sheet is fed in a sub scanning direction, it
is possible to achieve a recording speed that is approximately
two times that of a one-way recording, by carrying out a two-
way recording (or bi-directional recording) which ejects the
ink onto the recording sheet during both a forward path (or
down-path path) and a return path (or up-path) of the

recording head scan in the main scanning direction.
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is difficult to conpletely match the inpact positions
of the 1ink drops on the recordi ng nedi um between the
forward and return paths of the recording head, and a
slight error occurs 5 between the inpact positions of
the ink drops on the recording nedi um between the
forward and return paths eB-the recording head. For
this reasaon, when an attenpt is nmade to
SI mul t anedifl WhEBhEBG et WO THRIM- Leeardinge i it FRRTIRA out, it
%yfs peed recording) and a high picture quality by

igj giffimddudioy conpiarely matout thee impaet | peel stammiafy the
and the two-way recording, the inpact position error

imk cdirsps @m eher yeodbhéind ineelifinhibe twespathe pASiwd @D and
error will be referred to as a "two-way i npact

ré&f iRt ﬁa@ﬁd oifNehei phased |Héa¥i gLeat bYs Iede¥ | NS ccurs

as a result. 15 Japanese laid en Pat ent
0 37 42 8627 r.opose
preJ%ﬁ?%%@qﬁﬁggﬁﬁé?%fguaﬁﬁl??tﬁgr%%% %rg i F% éjrecordlng

det eriorat ed aboye tmo ct error
AT dTaEg B o ahe P RrH iih FERCER PRGNS ok iR HfpEEkRT
positions before a user uses the recording apparatus,
hegflt 20 @n&biEngeepRIuIEIen @Icatitgmphit 19 mwde dot i on
operation based on this pattern. A Japanese Lai d- Open
siPatlgraneapsiliycathbevda 20rh-s9888 ppepasisn afmat Eigh-speed
met hod that records the dots with a priority in the
réasmfimgd )pant af hidte p’ﬁﬂiﬂhrf‘eC@EhalQB? b $ime ez tS

in the return path for gradation |[evels anounting
cé%%@iﬁ@ out the interlace scanning and the two-way recording,
the impact position error occurs for every other line (this
impact position error will be referred to as a “two-way impact
error”) and the picture quality greatly deteriorates as a
result.

Japanese Laid-Open Patent Applications No.l11-48587
and No.2004-288627 propose preventing the picture quality from
becoming deteriorated by the above two-way impact error, by
providing a pattern that can easily correct the impact
positions before a user uses the recording apparatus, and
enabling the user to carry out a correction operation based on
this pattern.

A Japanese Laid-Open Patent Application No.2004-
9333 proposes another method that records the dots with a

priority in the forward path of the main scan, and filling the

dots in the return path for gradation levels amounting to 50%
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or nore of the recording density of the dots.
Furthernore, a Japanese Lai d-Open Patent Application
No. 2004- 166163 proposes a gradation reproduci ng
nmet hod which carries out a halftone process using a
dither 5 matrix, by reproducing the gradation |evel
by an inclined |ine-group4keytone. In the ink-jet
recordi ng apparatus, the gradation image nay be
OF JrRd Yy Wt APRETEbIY I YoofddhesHAgEs. (1 ar ge,
medium. small and nil) by selectively ejecting ink
Wi t h t hr eduthiirmdse of a | Fikpatrese diaddsOpannBityent ar ge
ink drop, mediumink drop and small ink drop. But in
Apiil i-ataze, Noh@06%+ 266168 dritposdsnva- Yayda tnee tregivducing
beconmes different depending on the ink drop sizes.

ntHoEXARRIE calrki bhecte rrﬁi.l'ﬂolﬁ%agrBBé;ﬁs eh&GlP 4 RA tnk?

i nk uses a piezoelectric elenment, "the kinetic energy

the ' i_st.ance the .ink dr.op..
e S e A S L R
lfﬁ%?ied t tge pi ezoel ectric elenent to eject the ink
PHEESEYF0BPY  differ depending on the ink drop
size. As a result, the 20 anount of inpact position
error of tHethakigkolel Hecarsling] eppadatudm thee gradation
recordi ng head differs depending on the ink drop
imgigee maybbeofermed foy hmdrzl €odirakbbés sofirdotmadeaes (large,
different in order to eject the ink with the different
madilom,diseR18i 288, nihe el cef velPasieMOSld ik QHER! three
of the ink 25 drop that is ejected fromthe recording

xitRRd Jrs 18ksarabf £ci8d rRamely, large ink drop, medium ink

drop and small ink drop. But in this case, the extent of the

-two-way impact error becomes different depending on the ink

drop sizes.

For example, if the recording head that ejects the
ink uses a piezoelectric element, the kinetic energy of the
ink drop, the air resistance the ink drop receives during
flight and a driving signal waveform applied to the
piezoelectric element to eject the ink drop respectively
differ depending on the ink drop size. As a result, the
amount of impact position error of the ink drop that is
ejected from the recording head differs depending on the ink
drop size. Moreover, if the nozzle diameters are made
different in order to eject the ink with the different ink
drop sizes, the amount of impact position error of the ink

drop that is ejected from the recording head is also affected
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by the precision with which the recording head is
made. I n other words, when carrying out the two-way
recording by selectively ejecting the ink with the
different ink drop sizes, it is extrenely difficult
to accurately match 5 the inpact positions of the ink
drops for all ink drop sizgs. For this reason, there
is alimt to suppressing the picture quality
byeths iRﬁeét%Sé@ncHagléwfbgph Héa wisoRagingpaedd &3 moydesven
if the nethods proposed in the Japanese Lai d- Open
Pat ent Appin od&heonsoiids A w85 &4 ranyd niyo 020 0dhd 8862Arzar e
10 enpl oyed. Accordi ngly, when generating the imge
réledadidd &y Ballbtenee Dy asRES iMdStthe iaRI wiew @l dANGRrent
the precondition that the two-way inpact error wll
; hi ecandi-td - t 'ggg
llggf}dsjr{o e?éél:zietgﬁ E{’/ ?ie convéel tid\g%glle%%:hggdgéél (Eweltyhéﬂa teh
ot her hand, _although.the Japanese Laid-Qpen. .Pajent
O SR SRR SO0 IAF princeesaron Thbl ety Sizes.
fromthe point of view of suppressing the picture )
quality deFferPoP at¢dtPraddéd ®y-st Re 1iMbt iy SURPF@SSing
error, the dots forned by the small ink drops will be
the rhjeds Qredity iR tive rabgedchynnihy tia-ealy dmpact
for every other line at the gradation |evel where the
ermooreatienyg idenbetyetHodsheromalsked ik tHe opspdrse =) ¥%a ifioOpen
exanpl e. But such a dot arrangenent is easily

pa{daciregh1Byat NERONNS1ANAES 7 BnHhRoSHH0 SCAHVEIY are
direction and inconsistencies in the ink ejection of

rd®yedd NAZZLERInGIY, WU GenEARL AR Lo HIRIERY,  Ehe

n

halftone process must be carried out under the precondition
that the two-way impact error will occur, but this
precondition was not take into consideration by the
conventional methods.

On the other hand, although tﬁe Japénese Laid-Open
Patent Application No.2004-9333 proposes a suitéble method
from the point of view of suppressing the picture quality
deterioration caused by the two-way impact error, the dots
formed by the small ink drops will be arranged linearly along
the main scanning direction for every other line at the
gradation level where the recording density of the small ink
drops is 50%, for example. But such a dot arrangement is
easily afifected by inconsistencies in the sub scanning
direction and inconsistencies in the ink ejection of the .

nozzles, and another problem is introduced in that a banding
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Is easily generated. The dither process based on the
inclined Iine-group keytone as proposed in the
Japanese Lai d-Qpen Patent . Application No.2004-166163
will not easily generate the 5 bandi ng. However,
another problemis introduced in that a disorder of
the inclined line-group keytone is generated if the
two-way i npact error occurs. 10 DI SCLOSURE OF THE

i1g eENyONeRerated. general object of the present
invention to provide an inmage processing nethod,
printer dfheedithangeroqesecéasedgoapplas alntsl inedddne-group
form ng apparatus and inmage formng system in which

kditenkr abl pRBpEesEribathealRyanate LepIRSS Ghteh? A

nore specific object of the present inventionis to

| Aﬂﬁﬁ\@a@%oa%@@@M@@l%mqlﬁﬁgboga?mn@ erdieV &k e

I'mage processi ng apparatus, | mge g appar at ds
formn

and i mag g.system Lch can, i nprove fhe

oiiriar e CBRUPTTY By oIS O L ERe A L oGad (e that 2
inclined |ine-group keytone 20 caused by the two-way.

disgyder efrbhe TFlinethdimer 9sBpRcke ROt Hraesierated if
invention is to provide an inmage processing nethod

tHeotwprvwegssipgct nagedatcgurse be out put to an i nage
form ng apparatus that is capable of naking a two-way
recording to forman inage on a recordi ng 25 nedi um by
recording in a forward path and a return path of a -7

DISCLOSURE QOF THE INVENTION

It is a general object of the present invention to
provide an image processing method, printer driver, image
processing apparatus, image forming apparatus and image
forming system, in which the problems described above are
suppressed.

A more specific object of the present invention is
to provide an image processing method, printer driver, image
processing apparatus, image forming apparatus and image
forming system, which can improve the picture quality by
reducing the disorder of the inclined line-group keytone
caused by the two-way impact error.

Still ancother object of the present invention is to
provide an image processing method for processing image data
to be output to an image forming apparatus that is capable of
making a two-way recording to form an image on a recording

medium by recording in a forward path and a return path of a
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scan by an ink-jet recording head, conprising a
hal ftone process that is based on an inclined
| i ne-group keytone and nmintains keytone continuity,
wherein the hal ftone process includes a dither
process in which the inclined |ine-group 5 keytone
appears at a stage where the recording in the forward
path is made. According to the inmage processing method
SeRD thie apiekeneti Reepribrg haad,s cpppsipiedtad haditone
the picture quality by reducing the disorder of the
proctsmddhati ne- hreap okezn cmeldagsedibhy-gheup weewayne and
i npact error. 10 A further object of the present
mb Dvehitisokelys ohe cPhovhEety, RiHereeh dhévﬁélf’@én@g:&iﬁidé@s
a conmputer to execute a halftone process according to
1ABRRROVE 41 TREe PLOLESS| 1 wHIRhNRfle §ACPUAOYLI £ 018 oroup
I mage data to the 1mage formng apparatus. Accordi ng
the printer _driver of the present 15.inventign, Jt
oS R B by RS Mo P o P REATHY byt B forward
reducin% t he di sorder of the inclined |ine-group
PR tioh 8298ausACBYIH IR ¥Ry "RABaREOERS I Afithesl of the
obj ect of the present invention is to provide an
Prerld pngeasirng dpphs Rassiplevitdetmprove ttle abovare20
printer driver, to carry out a halftone process wth
quakipgc byt @etiheidat th¢ clbmralatrpuf thet heclivmge FiotargRgup
apparatus. According to the inage processing
k@RS seH bhets esfitway AwPRELOArrbt. IS possible to
inprove the picture quality by reducing the disorder

of the ingl iedhbi NG5 ALOUR K RHLOBEeSENE AAh ot 1 1o

t wo-way i npact error.

provide a printer driver for causing a computer to execute a
halftone process according to the above image processing
method, to output the image data to the image forming
apparatus. According to the printer driver of the present
invention, it is possible to improve the picture quality by
reducing the disorder of the inclined line-group keytone
caused by the two-way impact error.

Another object of the present invention is to
provide an image processing apparatus provided with the above
printer driver, to carry out a halftone process with respect
to the data to be output to the image forming apparatus.
According to the image processing apparatus of the present
invention, it is possible to improve the picture quality by
reducing the disorder of the inclined line-group keytone

caused by the two-way impact error.
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Still another object of the present invention is to
provide an image form ng apparatus capable of neking a
two-way recording to forman image on a recording
medi um by recording in a forward path and a return
path of a scan by an ink-jet 5 recordi ng head,
conprising a halftone proeg@ss part configured to
carry out a halftone process that is based on an
i ncl i ned ﬁqa%lé GretpekegP et fifd the prasRstkéyyemieion is to
continuity, wherein the halftone process part

procideien dmgigehdprpiog eappyattius cepibder efl makieg ray two-way
out a dither process in which the inclined 10

rétaedgioup Keyione appgaren al recvrdgagwiedeuhney recording
recording in the forward path is made. According to

:utlha? fIReed %f AFhNEndapPasaiMs (fent B¢ Br EéQthY né{rgnfri}@}et

is p033| le to inprove the picture qual

r%ggﬁf HeA d'§8£?§£1 %Wérﬁglf%gnénﬁgocgégep ctg%nflgured

causéd wWay i pact  error
further ﬁ% f the resent invention is to provide
QAT o g FLGRE i O (X0g LEhBa SPOVE | HagECl ined

proceSS|n%7apparatus and the above inmage forn ng

L appeanaips keyAeper anAgnainiiaias keyEoner abngleystemwiferein
the present invention, it is possible to inprove the

thpe dtalrfoeabirbygeby p&xhuinqiudms a0ddtser derocdsd hart
inclined |ine-group keytone caused by the two- way

conpafiiree or cakhesruoly efttheangrboetbein @i el egedfinclined
the present invention will be apparent fromthe

liéﬁﬁ ?gkg9%6hée peSC 4Pl %%ageeghéfédtﬁé]recor ing in
junction"w th the acconpanyin draw n

the forward path is made. According to the image forming
apparatus of the present invention, it is possible to improve
the picture quality by reducing the disorder of the inclined
line-group keytone caused by the two-way impact error.

A further object of the present invention is to
provide an image forming system comprising the above image
processing apparatus and the above image forming apparatus.
According to the image forming system of the present invention,
it is possible to improve the picture quality by reducing the
disorder of the inclined line-group keytone caused by the two-
way impact error.

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.
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross
sectional view generally showi ng a nechanical part of
an ink-jet recording apparatus; 5 FIG 2 is a plan
view for explaining an inportant part of the ink-jet
recordi ng apparatus; FIG 3 is a perspective view for
-explaining a head structuge of the ink-jet recording
apparatus; FIG 4 is a cross sectional view for
explaining a 10 transport belt of the ink-jet
recordi ng apparatus; FIG 5 is a perspective view for
BRI IEHGY FELIION @EgEHE oPRAWIdNGSper ati on of the ink-jet
recordi ng apparatus; FIG 6 is a diagramfor
expl ai ni ngFIm.haadsshr aedsis esdbiong Inezzlvegehoral B dHkving
and blue ink in addition to nozzles 15 for yellow
a | EGhAMGRNT dalriK o £ CYRN A1k ANG-Rlogaknbnkpp bl G d; IS a
di agram for “explaining a head structure %aw ng

nozzl es f i ght. _c ' zzl for _|ight.
magent a i %E{dl'ngagai %?‘g%&?g‘”?%g fr%%z?é%f‘%%“?e ofRGREant
en ink, cyan ink and black ink; 20 FIG 8 is a
p%%gg‘?%ﬁihfeoﬁn&ﬂfg iﬁ?ﬁ%r%'%a?@}??trﬁﬁ&?ﬂre havi ng
nozzles for red ink in addition to the nozzles of the
head strud@-e3shéwa PRrspectizve piew forsewphdbirgma head
for explaining a head structure having nozzles for
sttardt s locdwthekink—peldi teardiogt bppavazhes 25 of the
head structure shown in FIG 7; | _10
FIG. 4 i1s a cross sectional view for explaining a

transport belt of the ink-jet recording apparatus;

FIG. 5 is a perspective view for explaining an
image forming operation of the iﬁk—jet recording apparatus;

FIG. 6 is a diagram for explaining a head structure
having nozzles for red ink and blue ink in addition to nozzles
for yellow ink, magenta ink, cyan ink and black ink;

FIG. 7 is a diagram for explaining a head structure
having nozzles for light cyan ink and nozzles for light
magenta ink in addition to the nozzles for yellow ink, magenta
ink, cyan ink and black ink;

FIG. 8 is a diagram for explaining a head structure
having nozzles for red ink in addition to the nozzles of the
head structure shown in FIG. 7;

FIG. 9 is a diagram for explaining a head structure
having nozzles for dark yellow ink in addition to the nozzles

of the head structure shown in FIG. 7;
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FIG 10 is a diagram showing a chemcal formula (1)
that represents a penetrating agent; FIG 11 is a
di agram showi ng a chem cal fornmula (2) that
represents the penetrating agent; 5 FIG 12 is a
di agram showi ng a chem cal formula (3) that
represents the penetratingiagent; FIG 13 is a diagram
showi ng a_chem cal fornula (4) that represents the
penet r at i AgCagéft is R Gliagram sioyysgem horkcall afpamla (1)
showi ng a control 10 part of the ink-jet recording
thagparepresenEs G pénétsratidiagoamtf or expl ai ni ng a head
structure and a two-way color difference generated
thereby; FEGG 116i&sa adhR@ARhBALNEXR! Ehdthia B fafhia (2)
structure for elimnating the two-way col or
i+ f kS ; 1.5 2 [ m for expl ai ni ng
ttﬁ%’%ﬁ%@:ﬁ‘c@:ﬁgggé EIF% S%?rgj%tef%c}?lggﬁargnﬁﬁéti ng the two-way
ram f.or_expl ai nin

col or dif% encg;.FIG 18 is a,da
still ano Eér‘ E%e%lsd St HAI esp8plg?i%%?l?]n rmuta (3)
two-way color difference; L FIG 19 is a functional
that JEPErSGREM Fof BRRyAtdingi ARt st ructure of an
enbodi ment _of a printer driver according to the
present i A¥Ent 1dnis ra ghiagneodishewingfa aehendmegje formula (4)
processi ng apparatus according to the present
thatverprenents Ghe e taratyatjeaydhock di agram f or
explaining in detail a flow of an image processing
within therprintefs2b flfdteal blodk diagram showing a control
part of the ink-jet recording apparatus;
FIG. 15 is a diagram for explaining a head
structure and a two-way color difference generated thereby;
FIG. 16 is a diagram for explaining a head
structure for eliminating the two-way color difference;
FIG. 17 is a diagram for explaining another head
structure for eliminating the two-way color difference;
FIG. 18 1s a diagram for explaining still another
head structure for eliminating the two-way color difference;
FIG. 19 is a functicnal block diagram for
explaining a structure of an embodiment of a printer driver
according to the present invention in an embodiment of an
image processing apparatus according to the present invention:
FIG. 20 is a system block diagram for explaining in

detail a flow of an image processing within the printer

driver:;
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FIG 21 is a diagram show ng an exanple of a m ninmm
unit pattern of an inclined |ine-group keytone;, FIG
22 is a diagram showi ng gradation representations of
the inclined Iine-group keytone; 5 FIG 23 is a
di agram for explaining an exanple of a dither mask
size; FIG 24 is a diagranrishowi ng an exanple of a
conventional diither matri x (threshold value matrix);
FIG 25 i $1%-dPdgranf sHRFTRN SToMAPaceer P3eFelafol ®
the human vision; FIGS. 26A and 26B respectively are
YRR Mifto patégphaphi a1y dwtlimedaddraeareupf ket diteone
gradation |l evels between patterns having enphasi zed
i nclined I|FIGe- GRotup akevdgrwey showkh6 g2ddatiandi agram
showi ng a gradation pattern obtained by the
r&ORsHta@ahsgbeUphd | Ye- kD ﬂ&heE?&f)uﬁ Bk préndll agram

for explaining the dot arrangenen or a case where a

t wo-way i ct -QreEQr.o n .1 he_dot
arrangerre@ééhg\%nilgna F#%H%A%;é oﬁ%ggggﬁlége%?l?/xaﬁn@le of a
dqc[t}%]ai ned;k FILG .29 is a diagramshowing a dither matrix

J( Wedh5I'd°vaFie matri X) used in the present

invention;_ FIG 30 is a diagramfor explaining the dot
pattern WHEn d4chanyeliagnaiyshprany aan exrmamke of a
pattern B to a 25 reference pattern C shown in FIG
capentipnal dither matrix (threshold value matrix);

FIG. 25 is a diagram showing a characteristic of
the human vision;

FIGS. 26A and 26B respectively are diagrams for
explaining dot arrangements of halftone gradation levels
between patterns having emphasized inclined line-group
keytone; |

FIG. 27 is a diagram showing a gradation pattern
obtained by the conventional group-line keytone;

FIG. 2B is a diagram for explaining thé dot
arrangement for a case where a two—wéy impact error occurs
even though the dot arrangement shown in FIG. 26A should
ideally be obtained;

FIG. 29 is a diagram showing a dither matrix
(threshold value matrix} used in the present invention:

FIG. 30 is a diagram for explaining the dot pattern
when a change is made from a reference pattern B to a

reference pattern C shown in FIG. 22;
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FIG 31 is a diagramfor explaining a usage rate of

each dot for all gradation levels for a case where

three kinds of dot sizes are used; and FIG 32 is a
diagram for explaining in nore detail 5 the usage

rate of each dot for sections froma blank pattern to

the reference pattern CirlIEFG 27. BEST MODE FOR

CARRYI NG ngfLNVE |ON A descriptigogn will be given

of enmbodi ‘s Jof 18n2 9029FRIYE P GEPLEReNHeR HetRde rate of
printer driver, the inmge processing apparatus, inage
eaeh %y fgpaddt gsadatienatrydlsy Moy as yasenvhare diitiasy kinds
to the present invention, by referring to the
ofirdw ngizesFiarst psaddeswedi ption will be given of an

enbodi nrent 15 of the inmage form ng apparatus

accordi ng HI&.t B2 PEesediad e HdroRxph¥i hEAGT LA Mbded detail
FIGS. 1 through 4. In this enbodinent, the present

thEELE R eEpliééﬁ &8 afhl @é’dtgbnsr?f&ﬁdé Nhank ttern
apparatus. FI G I'S a cross sectional view geneF?I y
shgwi n nmechani cal t, of e.Lnk-jet recording 20
t%;)]tg%\er g%]%?eﬁF& p§€€%rlgat]ti)ljé}1 F\#’szlf]m expl ai ni ng an
i nportant part of the ink-jet recordi ng apparatus.
FIG 3 is a perspective view for explaining a head
structure of the ink- jet recording apparatus. FIG 4
BEST Mo SORs EARROING QURWHEDINVENBLEGNNi ng a transport
belt of the ink-jet recording apparatus. 25 The
i nk-j et racdedcnfipappanaills bes ginda dp @bbedidehtRioF an
apparatus body 1 which includes therein an inmge
idYdlig¥dcessing method, printer driver, the image processing

apparatus, image forming apparatus and image forming system
according to the present invention, by referring to the
drawings.

First, a description will be given of an embodiment
of the image forming apparatus according to the present
invention, by referring to FIGS. 1 through 4. 1In this
embodiment, the present invehtion is applied to an ink-jet
recording appératus. FIG. 1 is a cross sectional view
generally showing a mechanical part of the ink-jet recording
apparatus. FIG. 2 is a plan view for explaining an important
part of the ink-jet recording apparatus. FIG. 3 is a
perspective view for explaining a head structure of the ink-
jet recording apparatus. FIG. 4 is a cross sectibnal view for
explaining a transport belt of the ink-jet recording apparatus.

The ink-jet recording apparatus is made up of a
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part 2 and the like. A paper supply tray 4 is provided
on a |lower side of the main apparatus body 1, and a
plurality of recording nmedia (hereinafter sinply
referred to as paper) 3 5 can be stacked on this paper
supply tray 4. The paper 3 supplied fromthe paper
supply tray 4 is transported-by a transport nmechani sm
5. The image formng part 2 records an inmge on the

napbpapdnatas pedyr Ankdpbeh cnddypdesetheansport image forming
mechani sm5, and the paper 3 is thereafter ejected

pant @ ant) thapéddke} ech papyr Gudpdly icsaprévislgoronided on a
side of the nain apparatus body 1. A duplex unit 7 is

188 AR B PEa% A8tn Wabh FRSREBodyt 0, t BRI MR Miurality of
apparatus body 1 of the ink-jet recording apparatus.

. i . . i t

S e RS R S I
th , th is t ted,i

O RS PReChLr St  HUNARTEn & aniP S (Hed
into the duplex unit 7 which turns_over the paper 3

suppking freB CheoPaPRy TURPbe thade? &R tRRNFRPErCSiRIe @
(or back surface) of the paper 3. The paper 20 3 is

t tédrespoippleicbdndgri b t dThé eimagen Spomi ngepanni 3 nresoralsd an
after the image is recorded on the other side (or back

imagd age)hef phperpaperad 1y triaesparged§oynihg Pedrisphrt
the paper 3 is finally ejected onto the paper eject

md 1 8m Eheahﬁagﬁ_e‘;ﬁé PB P& endreRetHHes] &6 IdRdf a
13 25 that is slidably supported by guide shafts 11

p%ﬁe;% ]elzj g%%g F%%Xé%gﬁﬂ%\f/ eJ?sb iﬂ}o%i%idn oRCANDIRY SEr&et ian
apparatus body 1.

A duplex unit 7 is detachably provided with respect
to the main apparatus body 1 of the ink-jet recording
apparatus. When carrying out a duplex recording, after the
image is recorded on one side (or front surface)} of the paper
3, the paper is transported in a reverse direction by the
transport mechanism 5 and supplied into the duplex unit 7
which turns over the paper 3 so that the recording can be made
on the other side (or back surface) of the paper 3. The paper
3 is then supplied again to the transport mechanism 5, and
after the image is recorded on the other side (or back
surface) of the paper 3 by the image forming part 2, the paper
3 is finally ejected onto the paper eject tray 6.

The image forming part 2 includes a carriage 13

that is slidably supported by guide shafts 11 and 12 and is
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the transport direction of the paper 3 by a main scan
motor (not shown). A recording head 14 is nounted on
the carriage 13. The recording head 14 is forned by a
plurality of ink-jet 5 heads 14y, 14m 14c and |4k
respectively having a plurality of nozzles 14n from
whi ch the ink drops are ejadted, as shown in FIG 3.
An ink cartridge 15 which supplies the ink to the

MP¥Rdrdt fg "RERdSANRENY AR pPaYi dBdPeFPeRéicular to
carriage 13. A sub tank (not shown) may be provided in

the aeeangporiie dinkct ion caf t¥licigapes, 3ahy & rmahh sseasapotor
the ink froma main tank (not shown) is supplied to
(hdte shdwrf)ankA Fheofding ilsepaddest mbukt¢dtohedss ckyriage
14m 14g and 14k which formthe recordi ng head 14

13 espefd indeb¥dehgChead el 4 oW (ChrmepRBENS 3o (M hk-3
and bl ack (K) iﬁk %?ops, as 15 ghomg iﬂqu(%%f%@gﬁéQ%F Jet

h%e?cﬁs S%Ph 8 01480&':‘1(?3141{ i']{%ys&:%%%ﬁgéggerﬁ%gln 4 1:;?' ij%’r&kﬁty of

ormed “by "oné or “a pl ura

heads, .gs |.on s, one or a.plurality of . rows_of .
nGitaiA%d 2k EPRROUR I F5F AIeCEPRY BFE FIRCHedth Pown in
the different colors. The nunber of colors used and
FiGe or dép itpk202%kT 909 he MBdehi ARPPEiehdds iy toldhe
1l4c and 14k are arranged are not limted to those
rafrowlinfjohetHi $4 endodkireriiablyEachvidéd j et tiead-dmrinigeg13.
the recording head 14 may be provided with an energy

A gaile tahnkngnotagbok®y eI e ovyanar ah i ¢tk ¢ ass tHeOH nk
ejecting the ink, such as a 25 piezoelectric actuator

cANYR REZ064 O Nt £ QRN tAk 1AL £ |d KRuirP tank (not
thermal acfuator which utilizes a phase change caused
shown) is supplied to the sub tank.

The four independent ink-jet heads 14y, 14m, 1l4g
and 14k which form the recording head 14 respectively eject
yellow (Y), magenta (M), cyan (C) and black (K) ink drops, as
shown in FIGS. 2 and 3, for example. Of course, the recording
head 14 may be formed by one or a plurality of independent
ink-jet heads, as long as one or a plurality of rows of
nozzles are provided for ejecting the ink of each of the
different colors. The number of colors used and the order in
which the four ink-jet heads 14y, 14m, l4c and 14k are
arranged are not limited to those shown for this embodiment.

Each ink-jet head forming the recording head 14 may
be provided with an energy generating means (or pressure
generating means) for ejecting the ink, such as a

piezoelectric actuator using a piezoelectric element or the
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by a filmboiling of the ink using an el ectrothernal
conversion el enent such as a heating resistor, a shape
menory alloy actuator that utilizes a metallic phase
change, and an 5 electrostatic actuator that utilizes
el ectrostatic force. The paper 3 on the paper supply
tray 4 is separated one bysone by a paper supply
roller (or semcircular roller) 21 and a separation
1pkd, (ddthasmadn RectapEos et et igdges 8 pPhaseuphineel caused
inside the main apparatus body 1, to the transport 10
byeg hiinins mdi.1iTige offr ahspimk ueicivarins wlBct nothidesah
transport guide part 23 for guiding the paper 3 that

cobsvetPidr ed ettt Bachpapes 1aHng kekhsto?2] HP¥REEES memory
al ong a guide surface 23a and guides the paper t hat

al fog Uil

surtface 23b, a transport r

he, paper, .3, _a, pressi oller. 25 for pressin he
Lefer ot A5t UpReR: P Jerilivsd sltohrSitetfetores.
menber 26 for guiding the paper 3 towards the
transport 1§ P8Pe343 G0 B REDfENSEPPRY FBRY ghi 4 ngpparated
the paper 3 that is returned at 20 the tinme of the
onlephieroneedar @i pgres $hep Huptadd eami(br7sembdi mculars hiald er)
roller 28 for pushing agai nst the paper 3 that is
21 ramd pordepariitdont hadt (@sts poidwn) 0l | €he 2depdheted paper 3 is
transport nechanism5 further includes a transport
sheh1i B itrRatiel $harAYidethhatMeanraqdr Vi A9 gl |1§Ear§%:ort
and a following roller (or tension roller) 32 an
narts -16 the paper 3 while nmaintaining the paper
mééé#ggﬁ%ggfmeen t he

o £aat B&ﬂy@é% lqrgrtfazl}i%gpﬁgge Joa il d&nd an

transporting

The transport mechanism 5 includes a transport
guide part 23 for guiding the paper 3 that is supplied via the
paper supply roller 21 upwards along a guide surface 23a and
guides the paper 3 that is supplied from the duplex unit 7
along a guide surface 23b, a transport roller 24 for
transporting the paper 3, a pressing reoller 25 for pressing
the paper 3 against the transport roller 24, a guide member 26
for guiding the paper 3 towards the transport roller 24, a
guide member 27 for guiding the paper 3 that is returned at
the time of the duplex recording to the duplex unit 7, and a
pushing roller 28 for pushing against the paper 3 that is
transported from the transport roller 24.

The transport mechanism 5 further includes a
transport belt 33 that is provided between a driving roller 31

and a following roller (or tension recller} 32 and transports
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recordi ng head 14 and the transport belt 33, a
charging roller 34 for charging the transport belt
33, a guide roller 35 confronting the charging roller
34, a guide nenber (or platen 5 plate, not shown) for
gui.ding the transport belt 33 at a portion
confronting the imge fornhgg part 2, a cleani ng neans
(not shown) for cleaning the transport belt 33 by
thenpaperg I bllenraineaintnadie adper Bhélat dpsipezdn the
belt 33, and the like. For example, the cleaning
recandinmpyhdael fldr apd blye atcdregintg bQtr BB} es d¢hafgirsg roller
made of a porous material. The transport belt 33 is
34 of sR HY- AR ge REbessaRehdrt thale 33, PRoY:ded hstveens
the driving roller 31 and the followng roller 32,

TR, S kD81 T BN L7 PRRTEe FLANSPOLL. praten

Irectio i ndi cat y an arrow in
structure

ransport belt 33 may have a_single-|ayer
pAFEnE DPUR) SF PR e 4 lehsRels kel hette 2
the transport belt 33 has a nulti-Ilayer structure nmade
PR qORETPRvEeRg, thanktdge Lomisg payer2( ¢ eigdrdaw means
| ayer) 33a and a second |ayer (or back |ayer) 33b.
(Hphestewn)t Hert caeapbng el ttr2@spdrimypehavas dy removing the
multi-layer structure nmade up of three or nore

itlaysiae isonda¥aspl en the HridsipdrayBel{ 083 SWiBGhe like.
| ayer) 33a 1is nmade of a pure resin material which has

FOle:R8RN eSURHBCLBLan iRy nd B HadNEE f&ffaécglbya%d algiaagng

t hi ckness on the order” of approximtely 40 “~un,

TE | al th d |
=P haEarE PR R AR el RE T yer) - 17 530

is made of the sane material__as the first |ayer 33a
&he %ransport belt 33 %s formed by aglendless belt

but
that is provided between the driving roller 31 and the
following roller 32, and circulates in a direction (or paper
transport direction) indicated by an arrow in FIG. 1.

The transport belt 33 may have a single—layer
structure or multi-layer structure. FIG. 4 shows a case where
the transport belt 33 has a multi-layer structure made up of
two layers, namely, a first layer (or surface layer) 33a and a
second layer (or back layer) 33b. However, the transport belt
33 may have a multi-layer strﬁcture made up of three or more
layers. For example, the first layer (or surfacerlayer) 33a
is made of a pure resin material which has not been subjected
to a resistance control and has a thickness on the order of

approximately 40 pum, such as pure ETFE material, and the

second layer (or intermediate resistance layer, ground layer)
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whi ch has been subjected to a resistance control using
carbon. The charging roller 34 is arranged so as to
make contact with the surface |ayer 33a of the
transport belt 33 5 and rotate to follow the
circul ati ng novenent of the transport belt 33. A high
vol tage having a predetermjped pattern is applied to
the charging roller 34 froma high voltage circuit
3Bbrinimpde it dde ssueceataviakmevbhe Aipapetaggecd3a but
roller 38 is provided on a dowmnstream 10 side of the

whiahspes tbarec kabijsot88. tdhe papestahcehabnisol resdigeshrbon.
with the inmage by the inmage formng part 2 is ejected
onto the paRercHRreShqgt £8Y16rvia 116 RARGEICEECLs M 0b | Blke

In the ink-jet récording apparatus having the

é{g&% 36! LhedaB0YEyet Nosd IANSRAr E BOLL A3 Wb C1ys

C|rcu es In |on of he "arrow

i § charge t osjtive ri maki ng_cont act

=R ROEH gﬁ’ £o13g% Bhe | 5 - Al fing reVaBRit cdt ke G ansport
vol tage (AC bias voltage) having a high potential. In

behts3Zaseé® high aeﬂ*a@g%yh@vl%@ RrsKeAgEmAReA | RRL tern He
charging roller 34 is switched at 20 predeterm ned

apphied nteerhrel shasgitfatolher t3arfspor & begh BRlisge circuit
charged with a polarity that is alternatively sw tched

(betNESH vlasighl ¥euasnd, negatdiveirpal arities at a
predeterm ned charging pitch. Wen the paper 3 is

supplied ontRkhee géé@SPQIIeLZ%@%JSt p%%v&!a@adcg&?g? b@cﬁoﬂdstream

charged to the high potential, the -18 iInsi

sPEPE s elzh%s %lfgﬁgpgrg orlngél]lfr?idsf tﬁ €, Tge paper a§ g%:ehat is

recorded with the image by the image forming part 2 is ejected
onto the paper eject tray 6 via the paper eject roller 387

In the ink-jet recording apparatus having the
structure described above, the transport belt 33 which
circulates in the direction of the arrow in FIG. 1 is charged
to a positive polarity by making contact with the charging
roller 34 that is applied with a voltage {(AC bias voltage)
having a high potential. 1In this case, the polarity of the
voltage applied to the charging roller 34 is switched at
predetermined time intervals, so that the transport belt 33 is
charged with a polarity that is alternatively switched between
positive and negative polarities at a predetermined charging
pitch.

When the paper 3 is supplied onto the transport

belt 33 that has been charged to the high potential, the
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having a polarity opposite to that on the transport
belt 33 is induced on the surface of the paper 3 in
contact with the transport belt 33. As a result, the
charge on the transport 5 belt 33 and the charge
i nduced on the surface of the paper 3 are
el ectrostatically attractegigto each other, and the
paper 3 is electrostatically adhered on the transport
imgide 3¢ thenpapert heaswmmsesnid pelevéapdsstatet mndapeharge
3 are corrected by being strongly adhered on the
hdvians pordolbelity33ppodiere o fubiat pg ahéOthargdport katlt 33 is
surface of the paper 3 on the transport belt 33. The

iddhanRsP I thel buBBakd et e papRrrMmVent BenPaRewitdh tRad
the recording head 14 is driven in response to an

tfé}?s%galrts 4qgl 39hi | £ tahere“s‘?{lht'ya%ﬁeléﬁg}?gg r?”&esccar%%sbﬁrt

rection”™ (or down one- Wa

rec di n in tw 15 direction th an
S ot e, Bl Rat 2% it FoCBPal AT AER f&?
|n FIG. 5, ink drops 14i are ejected (or spra
axg @%W%@é&ﬁ@?%@y hdddrart-egn §of 6RRM deEReD; Em‘fy tthe paper 3
stationary paper 3. After formng the dots Di
iamettrogthtital inggditdredaper-thg Esahsposipdreldd 3y aHence,
20 predeterm ned anount, and the next line is then

tHeecRirge dnanunthenpane (013 tHEh apegoBdhRg @pefetitedn b§NBeing
in response to a recording end signal or a signa

st A gtb@ﬂekgétoﬁ-Eﬁgﬂtfﬁﬂépo&QrbEié'angt RQ%Gleng a

recording region on the paper 3 is reached. I"ower

.hf ﬁé)%ﬂP%fFﬁkg%cg équ %%%erog §g_g§% C%%%%) %el% 33.

'S surr oun

an _19 u r portion of FIG. 5.
: - p%%e @ransport belt 33 circulates to move the paper

3, and the recording head 14 is driven in response to an image
signal while the carriage 13 moves and scans in one direction
(or down-path) to make a one-way recording or in two
directions (or down-path and up-path) to make a two-way
recording. Hence, as shown in FIG. 5, ink drops 14i are
ejected (or sprayed) from the recording head 14 and form dots
Di on the statiocnary paper 3. After forming the dots Di
amounting to 1 line, the paper 3 is transported by a
predetermined amount, and the next line is then recorded on
the paper 3. The recording operation ends in response to a
recording end signal or a signal indicating that a rear end
(or trailing end) of a recording region on the paper 3 is
reached. A lower portion of FIG. 5 indicates, on an enlarged

scale, a part that is surrounded by a two-dot chain line in an




10

15

20

25

The paper 3 having the image recorded thereon in the
above described nmanner is ejected onto the paper eject
tray 6 by the paper eject roller 38. 5 1In this
enbodi nent, the ink-jet recording apparatus uses the
recordi ng head 14 that uses four colors, that is, the
i nk-jet heads 14y, 14m 14g¢gand 14k. However, the
recording head 14 is not Iimted to the 4-col or head
uppemgante.onFof Feédanpl e, the recording head 14 may
have a 6-col or head 10 structure shown in FIG 6 or 7
or, a 7-caher papad Sthaminy eheshigagel Bebbtded tHerdorOfin
course, the colors and the order in which the colors

tﬁé SERIVARREE ri Be§ Atk tl@%égé&%@é ShtyCiid eﬁal__piég %g'éi%g:

|n1ted to those shown in FI 6 through 9
ramfor _ex Ialnln hea structure 15 having

trac}'zz % ;Ph Fe E%R?jeCtk &ebl %g (B) ink in addition

to the nozzl es for the yell ow ( i nk ent a

i nk, cyan fC % 15 n R ok t(hﬁ) 1P|1$R3€13n %Ml%@@?aratus

t he recordlng head 14 shown in FIG 6 includes
ugek-het recagsingrhead ui-Hedr usespéenrvediongediiafgis, the

the red (R) ink and the blue (B) ink, in 20 addition
irle-jdte hieakls) étyhebdts, 14y abdimlak4c Hodeﬁéak, fidre recording

respectively ejecting the yellow (Y), magenta (M,
héan 4 @k naid]lbhaedd (49 tH¥K 4-Gb16RURSET $theudiea®r.di pgr

head 14 may be formed by one or a plurality of

o pASREN ISR LBk i IGATP 1 They| 980635 61% 0 B

ral’ity o rows of nozzles a e provi

ShERLL 080 ol 3 ot e g prent colors oot

in FIGS. 7 through 9.
shown in FIG. 8 or 9. O0Of course, the colors and the order in

which the colors are arranged in each of these head structures
are not limited to those shown in FIGS. 6 through 9.

FIG. 6 is a diagram for explaining a head structure
having nozzles for red (R} ink and blue (B) ink in addition to
the nozzles for the yellow (Y) ink, magenta (M) ink, cyan (C)
ink and black (K) ink. In other words, the recording head 14
shown in FIG. & includes ink-jet heads 14r and 14b for
respectively ejecting the red (R} ink and the blue (B) ink, in
addition to the ink-jet heads 14y, 14m, l4c and 14k for

respectively ejecting the yellow (Y), magenta (M), cyan (C)

and black (K) ink. Of course, the recording head 14 may be

formed by one or a plurality of independent ink-jet heads, as
long as one or a plurality of rows of nozzles are provided for

ejecting the ink of each of the different colors, and the same
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FIG 7 is a diagramfor explaining a head structure

havi ng nozzles for light cyan (LC) ink and nozzles for

light magenta (LM ink in addition to the nozzles for

yellow (Y) ink, 5 magenta (M ink, cyan (C) ink and

black (K) ink. In other words, the recording head 14

shown in FIG 7 includes ipk-jet heads 141lc and 141im

for respectively ejecting the Iight cyan (LC) ink and
halus ltmpet foegeheah¢dd)stimicturesadtibwnointBIGHhe 7 through 9.

I nk-j et heads 14y, 14m 14c and 14k for respectively

ej ecting ¥@clhe yeliom {gham Fege_kplbMingYRhddd sAtbhcture

black (K) ink. FIG 8 is a diagramfor explaining a

hiﬁgﬁ HIZHGEEr §or NV, éggsa&?z'(%%) hx! 88g (B ks | r light

ion to the nozz thé head structure s

wighse % A erlRes ¢ g HOTER £ ¥§ﬁ8\v ink,

eJectln%Athe red (R) ink, in addition to the ink-je

lnﬂn?yalac(c)wwk eRecbAngk 1 4 k- In other
respectlvely ejecting the yellow (Y), magenta (M,

vwangen t8p, reraciinK)head gt sepan i(lLB}G ant irglwdes ink-jet
magenta (IM ink. FIG 9 is a diagramfor explaining a

hdwehd 1dfleuahdr 241R20fhavicipeatizkeds &9ectidk tiel 1dwhED¥)an
ink in addition to the nozzles of the head structure

(sEhowm anfl gle7ll% HRpmreords) ihRe {eciHiignheadihe
14 shown in FIG i ncl'udes an 1 nk- Jet head 14r for

L, A0L0%1 99, 11 0, 600 34 peqht AL G
SR LRG0 Kt e S

magent a (IN% gk is a diagram for explaining a head structure
having nozzles for red (R) ink in addition to the nozzles of
the head structure shown in FIG. 7. 1In cother words, the
recording head 14 shown in FIG. 8 includes an ink-jet head 1l4r
for ejecting the red (R) ink, in addition to the ink-jet heads
l4y, 14m, 1l4c, 14k, 1l4lc and 14Im for respectively ejecting
the yellow (Y), magenta (M), cyan (C), black (K), light cyan
(ILC) and light magenta (ILM) ink.

FIG. 9 is a diagram for explaining a head structure
having nozzles for dark yellow (DY) ink in addition to the
nozzles of the head structure shown in FIG. 7. In other words,
the ;ecording head 14 shown in FIG. 9 includes an ink-jet head
14r for ejecting the dark vyellow (DY) ink, in addition to the

ink-jet heads 14y, 14m, 1l4c, 14k, 14lc and 141im for

respectively ejecting the yellow (Y), magenta (M), cyan (C),
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Next, a description will be given of the ink that my
be used in the ink-jet recording apparatus. The
pignents, that is, the coloring materials for 5 the
ink used in the ink-jet recording apparatus are not
limted to particular materials in the present
i nvention, and for exanplLej-the follow ng pignents
may be used to suit the needs. Furthernore, it is of
blank s&lpoddigbrecyanuseCh andtldobt seganpaufBM) tinkof
ki nds of such pignments. 10 Organic pignents that may
be used i Nektideaadescpiginbmt vilihbal giyani 68 phe ek $hat
ant hraqui none pi gments, quinacridon pignents,

mé& B RhINBAL Snki el G QRir@BGt Sppatit@s ndi go
pi gnents, perylene pignents, |30|ndr|none pi gment s,

ani | i ne b'ﬁ%kﬁghggﬁcar 1?5@ 'Egt e BBQH?E}@ raaR{‘%dlaﬂé”efor

B | ake 15 pig ck pi gnen
| i ke. 1norgani nent s that be used incl ude iron
i e REfens toF) PR L GR8 P gnERPSE LT ot
carbonate pignments, bariumsulfate pignments, alum num
Liyidiask it@e PBEGAERLAT MaeRTiahsy dni 5hepPEResRE, invesr isnye and
pi gnments, cadmumred 20 pignments, chrome yell ow
foi grrampd e, nehel fpbiwteingpimgeendsandy baeusedkeo Thet the
grain dianeter of the pignent is preferably in a

néange @hr@h8imbee). 80 thwf IdoutrBe goasib Ik at@tiede of mixture
the pignment is 0.01 pmor |less, the grain dianeter

oPRPHARGRES N3k RPn&d J@Qﬂﬂﬂﬁplgﬁgnﬁg? l'i ght
resi'stance and the feathering 5

Organic pigments that may be used include azo
pigments, phtalocyanine pigments, anthraquinone pigments,
quinacridon pigments, dioxazine pigments, indigo pigments,
thicindigo pigments, perylene pigments, isoindrinone pigments,
aniline black pigments, azo metine pigments, Rhodamine B lake
pigments, carbon black pigments and the like.

Inorganic pigments that may be used include iron
oxide pigments, titanium oxide pigments, calcium carbonate
pigments, barium sulfate pigments, aluminum hydroxide pigments,
barium yellow pigments, iron blue pigments, cadmium red
pigments, chrome yellow pigments, metal powder pigments and
the like.

The grain diameter of the pigment is preferably in
a range of 0.01 to 0.30 pym. If the grain diameter of the

pigment is 0.0l pm or less, the grain diameter approaches that

of the dye, and the light resistance and the feathering
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deteriorate. In addition, if the grain diameter of the
pignent is 0.30 pmor greater, clogging of the nozzles
and clogging of the filter within the ink-jet
recordi ng apparatus occur, to prevent a stable

i nk-j et operation. The carbon bl ack usable for the

bl ack pignent ink may be -preduced by the furnace

met hod or the channel nethod, and preferably has a
dBERREPYAER ai TIHiRsRetePnef 11 5the) wrmimp digmesgachf the
surface area by the BET nethod of 50 to 300 nR/g, a
pbBRent | ialdsadhimoerofrddten, 1Sgdint00d, thevobatié® and
matter of 10 0.5 to 10% and a pH value of 2 to 9. For
ces8dPhe, ofNa 23 F0,1 teNowdERin Mite 88 kNet32ecbRd4lg apparatus
No. 45, No.52, MA7, MA8, MA100O and No.2200B

f h ﬁ%&gg yen 700,
oaaggna%%g% §§§e§‘§§§§ié§gn %%%§E§§gn 3500 and

Raven 125 ed, b 400
Regal 330&1h ega%°86§Eﬁc§§X gﬁ?qﬁ E@ﬁag@ﬁc%oalgment ink
arch 800, N%E arch 880 Monar ch 900, _ Monarch 1000,

m%ﬁ%‘? AFoPHsES R SPEnTYBeRrR P iskareh thgoghannel method,

manuf act ured by Cabot, carbon black FW., carbon bl ack
apggprefenaidy bRSCR PYENATY giim ldiacketPW el tarbori0 my, a

bl ack FW200, carbon black S150, carbon bl ack S160,
spachbit Huadlecs] Z@ea2By pthatERC 3ethpdi bfes0 Uo p:Bd)mtnéxg, a

V, printex 140U, printex 140V, special black 6,

Dﬁpe@iﬁ|aﬂﬂcﬁgﬁlén speghato biBIP'ﬁll‘y&O@Gq §p€§1é‘tll@|n§’§éﬁe§‘ of

manuf act u by Degussa, and the like nay be used

otﬂi‘etd&%@o”a lkagk Hb%l&%‘%faz"g t Qn gbl a%ﬁ %%54’3@?%( @‘5 2300,

used i's 6f ~ course not Timite 0 suc

n$X0B) GRrssl "RoC950 NE! AU 451k BY, "Ry, mas, malo0
and No.2200B manufactured by Mitsubishi Chemicals, Raven 700,
Raven 5750, Raven 5250, Raven 5000, Raven 3500 and Raven 1255
manufactured by Columbia, Regal 1400R, Regal 330R, Regal 660R,
Mogul L, Monarch 700, Monarch 800, Monarch 880, Monarch 900,
Menarch 1000, Monarch 1100, Monarch 1300 and Monarch 1400
manufactured by Cabot, carbon black FWl, carbon black FW2,
carbon black FW2V, carbon black FW18, carbon black FW200,
carbon black S150, carbon black $160, carbon black S$170,
printex 35, printex U, printex V, printex 140U, printex 140V,
special black 6, special black 5, special black 4A and special
black 4 manufactured by Degussa, and the like may be used as
the carbon black, but the carbon black that may be used is of
course not limited to such.

Particular examples of the color pigments that may
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be used include the follow ng. O ganic pignents

i ncl ude azo pignents, anthracyani ne pignents,

ant hraqui none pi gnments, qui nacridon pignents,

di oxazi ne pignents, indigo pignents, thioindigo 5

pi gnents, perylene pignments, isoindridnone pignents,

aniline black pignents, azg_netine pignents,

Rhodam ne B | ake pignents, carbon black pignents and
bd hesdd Reclhder gani foliamient.s i ncl ude iron oxide

pi gments, titani um oxide pignents, calcium carbonate

pi gnent s, oRghh UM Sidrhedites Rin@TRAbSazal pikdiem <10
hydr oxi de pignents, barium yellow pignents, iron blue

l kR
AT oy MR e R Qi recron

De endln on_the color, .the.c
oL "85 018 0l GhargL 1o 6890 B GMENS, T 01 natico
pignents that may be used for the yellow ink include
pigmentsi gAY 9Re | BiEmEntS 1539-@%55@0%1?3&»@1:5@ aniline
pi gnent yellow 3, C.I. pignent yellow 12, C 1.
bl agmeritgmeaitsowa g, m6iineppgmmﬂﬂtsyeMM@ﬁam4HeCBllake pigments,
pi gmrent yellow 16, C. 1. pignent yellow 17, C 1.
cHHE B ayel bounddrs Grid 22 piigﬁentIxy@h_i;micﬁpicﬁlelnts
pi gnent yellow 75, CI. pignent yellow 83, C 1.

1 L IGRRNY rﬁﬁlbﬁﬂﬁggp é%énté“ F1eahive! beved 1dﬁénts, calcium
pigment yell pi gnment yel | ow 98,

TR YN il T il e

t yellow 154 and th ke, but 25 th
nfhehiate ERgotky. pBanCuD TRl A SigREs TRet HECk PAGE. paaments,

cadmium red pigments, chrome yellow pigments, metal powder

pigments and the like.

Depending on the color, the coler pigments may
include the following.

Examples of the yellow pigments that may be used
for the yellow ink include C.I. pigment yellow 1, C.I. pigment
yellow 2, C.I. pigment yellow 3, C.I. pigment yellow 12, C.I.
pigment yellow 13, C.I. pigment yellow 14, C.I. pigment yellow
16, C.I. pigment yelliow 17, C.I. pigment yellow 73, C.I.
pigment vyellow 74, C.I. pigment yellow 75, C.I. pigment yellow
83, C.I. pigment yellow 93, C.I. pigment yellow 95, C.I.
pigment yellow 97, C.I. pigment yellbw 98, C.I. pigment yellow
114, C.I. pigment yellow 128, C.I. pigment yellow 129, C.I.
pigment yellow 151, C.I. pigment yellow 154 and the like, but

the yellow pigment that may be used is of course not limited
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to such. Exanpl es of the magenta pignments that may be

used for the magenta ink include C. 1. pignment red 5,
C. I. pigment red 7, C |I. pignment red 12, C |
pigment red 48 (Ca), C. I. 5 pignent red 48 (M1) , C
|. pigment red 57 (Ca) , C. |I. pigment red 57:1, C
. pigment red 112, C 1. _piugnent red 123, C |
pignment red 168, C. |. pignment red 184, C |. pignent

teestd@d®2 and the |ike, but the magenta pignent that
may be used is of course not limted to such. 10
Exanpl es @xanipeesyat ﬁhgm@@ﬂ&@gmymbethaﬁohniprbe used

the cyan ink include C. |I. pignent blue 1, C
£0+ oPRAt éﬁ%a 2nxCintludd Qt'fferlt g.l %ﬁleﬁt Ledls, RtgnPntplgment
bl ue 15: C. I. pi gment blue 1 [. pignent

l%:‘f ’f L BB g"ﬁg&c{’*q”ecxﬁ‘f- ea?&@e%pf%%e el o T
Pt Het 4 Mibod Bo Cudhiomiit Rerm e Cohe o gherioment

included in the ink used may be a newy produced

refl gbenits. CPhé -pPgeaes wedckibed -aBoveignent oredliht & I.
the 20 ink for the ink-jet recording by being

pilimerer s U6BhiI 0. al. waigremedierinlity, uSe df @iqodnytmered 202
di spersing agent or a surface active agent. The
afldl Spes Siing ,agent ther mshsmes hignerte tBEgaRh ¢ bdi GH@RNis of
powder may ‘be a normal water sol ubl e di spersi ng agent

c&ﬁrébW@h?ﬁfiﬁkgﬁlEoSHﬁéﬁce active agent. 25 Particul ar

exanpl es he water sol uble resin -25

Examples of the cyan pigments that may be used for
the cyan ink include C. I. pigment blue 1, C. I. pigment blue
2, C. I. pigment blue 3, C. I. pigment blue 15:3, C. I.
pigment blue 15:34, C. I. pigment blue 16, C. I. pigment blue
22, C. 1. pigment blue 60, C. I. wvat blue 4, C. I. vat blue 60
and the like, but the cyan pigment that may be used is of
course not limited to such.

Furthermore, the pigmenf included in the ink used
may be a newly produced pigment.

The pigments described above are formed into the
ink for the ink-jet recording by being dispersed within a
water medium by use of a polymer dispersing agent or a surface
active agent. The dispersing agent for dispersing the organic
pigment powder may be a normal water soluble dispersing agent
or a water soluble surface active agent.

Particular examples of the water soluble resin
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i nclude styrene, styrene derivatives, vinyl
napht hal ene derivatives, aliphatic al cohol ester of
a, p-ethylene wunsaturated carbonic acid and the I|ike,
bl ock copolynmers made up of at |east two or nore
nmononers selected froma group 5 consisting of acrylic
acid, acrylic acid derivatpges, maleic acid, nmaleic
acid derivatives, itaconic acid, itaconic acid
idelvdatgtwaenes by renacier bRk iMavar vénéi Bephthalene
derivatives, random copolyners of such or, salts of
dent*atﬂﬁ&sAmaﬂéphabiubahcmhmﬂreahm; bé& ap &+kﬁhy1mne
soluble 10 resin that is soluble within a water

uAESH WA thay idaghanbaseci di sl tied 1tilker, ebhockhedpd dners made
wat er soluble resin used for the ink has a

ﬁﬁbﬁrﬁt s%g%wgnquﬂﬁfé i G O §Q99e8°?3&£qg »gidup

S pOSSI e to € VI SCOosSI ty or coefficl ent of

Vi SCOs. di s sant utlo l.ow. and. a
cPhRFFeig bl sckRE:§i S5 e Rir i ab0d, pePL AL ee% aBﬁ‘a eic

to use such a water, soluble resin for the | nk-j
a?%@cw%ﬂ%ﬁjc Prédsabivahbtry ddeconis ﬁ%??ne+tac nlc acid

di spersing agent and a self-dispersion type pignent
desivetpivwsfsor dbmartondtiditanh funanigapcad séexbnh el grei,
di aneter can be obtained. Although the 20 nmechanismis

randomp erdpeityingrel ear sutch oy ded trsegdr dedht hat t he
sui tabl e dot diameter is obtained for the foll ow ng

reasons. 1By LAekudspgubhe R MRHaydbsPehShNka BieAtsd hible
the ink, the perneability of the ink with respect to

~EESTAN0, SR YELR 4 WP R RencRl I, g oo
dfésgf“%d‘ﬁﬁéggaﬁlngwﬁgﬁ thér%éég% EgEhble resin used for the
ink has a weight-average molecular weight of 3000 to 20000, it
is possible to make the viscosity (or coefficient of
viscosity) of the dispersant solution low and also facilitate
the dispersion. Hence, it is preferable to use such a water
soluble resin for the ink-jet recording.

The simultaneous use of a polymer dispersing agent
and a self-dispersion type pigment is a preferable combination
in that a suitable dot diameter can be obtained. Although the
mechanism is not perfectly clear, it may be regarded that the
suitable dot diameter is obtained for the following reasons.

By including the polymer dispersing agent in the
ink, the permeability of the ink with respect to recording
medium, such as the paper 3, can be suppressed. On the other

hand, by including the polymer dispersing agent in the ink,
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the agglutination of the self-dispersion type pignment
is suppressed, and the self-dispersion type pignent
can spread snoothly in the lateral direction. For
these reasons, it may be regarded that the dot is
formed by the ink which spreads 5 with a snal
t hi ckness, and the ideal defg-is forned on the
recordi ng medium Particul ar exanpl es of the water
thel apybitsinaftdon odctheesaberdisparsti.onayybe psguenls ihe
di spersing agent include anionic surface active

sapehéssal)d pal ithsi eetfrdibepemsidveybe pyenest déwe spread
ani onic surface active agents include higher fatty

sﬂ&bﬁhfﬁﬂfn ﬁﬂekXE§HEB§t§1r@&KMh?th@brsﬁhg§éereasons, it may
alky ester sulfate, alkylallylether sulfate,

aIk fonic.a LNk
o) i ditst a5, Bk he ool R ik e preacs
alkylphos hori,c_aci d sal p th
whER yﬁie%r@?elrpl PRGSEREFFC AR dtl'é%tjéi%a)s{laé{%% 23! £85nea on the
al kyl al I 'yl et her phosphoric acid salt and the Iike. On
reperdiiharedigiid, the cationic surface active agents
i ncl ude alkylanlne salt, di-alkylamne salt,

t et r a- al kyHaarmienilam saatpledbenz dlHeomatigrsabinble surface
al kyl pyridiniumsalt, imdazoliniumsalt 20 and the

attkge duerdthermBtenapabé i esbdraexdpbespets anphedsit Cinclude
surface active agents include al kyl |auryl dlnethyl

agféﬁ&ém%urfa y%&kXGénﬁgeﬁ%5YAﬂH cataghna §ﬁPfé%eﬁact1ve

gl yci ne, azoliniu betaline and the |1 ke
oGEOhA L e PR RUSC SEAD! 5. 0 2R O0L U e
fatty acid salt, alkylsulfate, alkylether sulfate, alkylester
sulfate, alkylallylether sulfate, alkylsulfonic acid salt,
sulfon succinic acid salt, alkylallyl and alkylnaphthalene
sulfonic acid salts, alkylphosphoric acid.salt,
polyoxyethylene alkylether phosphoric acid ester salt,
alkylallylether phosphoric acid salt and the like. On the
other hand, the caticnic surface active agents include
alkylamine salt, di-alkylamine salt, tetra-alkylammonium salt,
benzalkonium salt, alkylpyridinium salt, imidazolinium salt
and the like.

Furthermore, particular examples of amphoteric
surface active agents include alkyl lauryl dimethyl betaine,
alkylglycine, alkyldi- (amino ethyl) glycine, imidazolinium
betaine and the like. 1In addition, particular examples of’

nonicnic surface active agents include polyoxyethylene
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al kyl et her, pol yoxyet hyl ene al kyl al | yl et her,

pol yoxyet hyl ene pol yoxypropyl ene gl ycol, glycerin

ester, sorbitane ester, sucrose ester,

pol yoxyet hyl ene ether of glycerin ester,

pol yoxyet hyl ene ether of sorbitol ester, fatty-acid 5

al knol am de, polyoxyethylgEq_fatty-acid am de, am ne

oxi de, pol yoxyet hyl ene al kyl am ne and the |ike. The
aPDkglefHeraypolgogoeeheliely lkydsiliyhlavhay, apolyoxyethylene

hydr ophi |l i ¢ base and encapsul ated wthin m crocapsul es

pSPyGSypriddARnal §POES Pl @1 ¢ Ml stel) bbrbstPessedidr,
to enpl oy "any known nethods to cover a water

) ubl i g ' capsyl ate
SeRE gy A R R B B e P et
net hods . i_ncl ude chenpcal .net hods hysi cal et hods,
PO YRS R HERRC BF RS Ret houRED NN RCEAr  REERSTECHA t he
| i ke. Mre particular%i, 15 such known net hods, i ncl ude
aikeoamideoe PeaREFTREL e Faltthodcidi andfey amine oxide,
pol yneri zati on net hod, subnmerged hardeni ng and coati ng

pokydrogk thgdzner vaky damipdased sdparldkieon) net hod,
subnmerged drying nmethod, nelting dispersion and

cool i ng netHwoei gmahBDaERREhE CcduaReNdyoR eefinhngaving a
nmet hod, spray drying nethod, 20 oxydi zi ng separation

h?&tét%jil]hi@ 338 AHAr 8hORp &M adhi ANm: BBLBOGs @KL thE as
I ke. e surface polynerization nethod separately

di ssolves t ki nds nononmers or two ki nds of
t?e%%t R?ﬁ%gﬁ%e agsggi%%'phase and a continuous phase,

and forns a wall layer 25 by reacting. the two, _nononers
or reactaﬁ?élétPPﬁélPi?eF?d%Eﬂiﬂé§ny known methods to cover

a water insoluble pigment by an organic pclymer to encapsulate
the pigment within the microcapsules. . Such known methods
include chemical methods, physical methods, physico-chemical
methods, mechanical methods and the like. More particularly,
such known methods include the surface polymerization method,
in-situ polymerization method, submerged hardening and coating
method, cocacervation (phase séparation) method, submerged
drying method, melting dispersion and cooling method,
atmospheric suspension coating method, spray drying method,
oxydizing separation method, phase inversion emulsification
method and the like.

The surface polymerization method separately
dissolves two kinds of monomers or two kinds of reactants in a
disperse phase and a continuous phase, and forms a wall layer

by reacting the two monomers or reactants at the interface.
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The in-situ polynmerization nethod generates'a reaction
by supplying a liquid or gas nononer and a catal yst
or, two kinds of reactants fromone of the continuous

phase nucleus grain sides to formthe wall |ayer. The
subner ged hardeni ng and 5 coating net hod nmakes the
drops of the polymer solutbgn, including the core

material grains, insoluble within the solution by use
Tiod in-hditadepbhgmnagenit {en mssfitddngeageatys oa tdmctiarkdy
to formthe wall |ayer. The coacervation (phase

s?FﬁE?i | @n) i gRiAOgr seRniresntihe eotyIEst or, two kinds
ispe?%%ng aggnt in %éﬁch the core material grains

o%{):ieeadét%%%rss%gomi 849 @fgggggfogﬁ}igu?ggsgheg A% Di@hin

yner concentration phase to
formthe wall.|laye The subnerged. drvi ng .oet hod.
st TN thpaer Lo Atrin | ane sonreacd B diiing and
material of the wall layer 15 material is digﬁfrsed,
ceafding metipdpBrkes skheitdenps o the Belvebre i vifiteh

the continuous phase of the disperse solution does
imotudiecprobeadnar g emltenialk gmifng, miasebapbsivithin the
ermul sion, and fornms the wall |ayer by gradually

s6BIOMM Gy hee 8EdR UmaTdenttic hdehe ekl s¢ayitg regeart)alor the
is dissolved. 20 The nelting dispersion and cooli ng

1B hod Alsestae WRI1 1&yer. material which melts to
I quid formwhen heated and hardens at room

tenperat ur o) ggg&ér@%ﬁlé:ﬂ q a{s%s ste.:ﬂglr%!i.gn) llﬁ‘é(t_eﬁo%e

mat eri al, "di'sper ses e core nmater grains int

wal |  layer material Jiquid as fin rains d forns
SERRF A BPLé%e’éyd TGO STkt ABSPESR ¢he core

suspension coating nethod i ,
material grains are dispersed, into a coacervate phase having

a high polymer concentration and a thin (or weak) phase to
form the wall layer. The submerged drying method adjusts the
disperse solution in which the core material of the wall layer
material is dispersed, adds the disperse sclution into a
solution to which the continuous phase of the disperse
solution does not become admixed, so as to form a composite
emulsion, and forms the wall layer by gradually removing the
medium in which the wall layer material is dissolved.

The melting dispersion and cooling method uses a
wall layer material which melts to liquid form when heated and
hardens at room temperature, heats and liquefies the wall
léyer material, disperses the core material grains in the wall
layer material liquid as fine grains, and forms the wall layer

by cooling. The atmospheric suspension coating method
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-29 suspends the core material grains of the powder
within the atnosphere by use of a fluid bed,

spray-m xes a coating liquid of the wall |ayer
material while floating the core material grains
within the air current, so as to formthe wall |ayer

5 The spray drying nethod_?ggays an encapsul ati ng

stock solution to nake contact with hot air, and forns
stbSend@lthd ayee RytevagDI@tding afdtHeypowdehewisctiat ithe

matter. The oxydizing separation nethod neutralizes

Fﬁ?é_l i f |, oRbeabanexof & heoFOanilGquid

apo?énﬁre%g> gﬁ%de?hgtf%%gfdggé 189?Ee ani oni ¢ base by .

se of basi c_sal , . ke i :
o oI E dna kel eERIT MR te Se2ELhd o B Cokl e

with a coloring material, thereafter Eakes it acjdic
gBR LR L N s 81 6f CURE SR d S0 AFolifd ?BmsE%%r‘ﬁ?Jel er.

adhere the organic conpound to the coloring material,

whi ch is Thef spirewedrping meithadhispzaypoAnafgcapsulating

di spersion. The phase inversion enulsification nethod
stakesd utixnute makeudbmgacianiidhi bobr gani capdl foens the

havi ng di spersivity with respect to water, and a -
w& Pl o d g 1Rt @kvbpbrafsngnad GaniieigS ehuenbl gtase, matik. The

suppl i‘es the organic solvent phase into water or
o%gﬁf%%ﬁﬁséé%awgkgﬁntﬁe#ﬂ?%qgéﬁﬂyéii§ggvget1@Q§§ea portion of

ar exanples o e organi c polyners (resins)

hat may, be used _f the material formng t [ .
chay @ B BESH £FoChpstl SRS B ol VoS YL includes
ol yur et hane, ol yester, polyurea, epoxy resin,
tggl@feﬂa?%&aé? g’ﬁ’eﬁs?e@,frﬁ‘ a5 iGe S3A NEOFREFRI/ phRrft to
resin, polysaccharide, gelatin, gum
make it water soluble and mixes it within a water medium

together with a coloring material, thereafter makes it acidic
or neutral by use of an acid compound to separate and adhere
the organic dompound to the coloring material, which is
followed by a neutralization and dispersion. The phase

inversion emulsification method makes a mixture including

'~ anionic organic polymer having dispersivity with respect to

water, and a coloring material, as aﬁ organic solvent phase,
and supplies the organic solvent phase into water or, supplies
water to the organic solvent phase. |

Particular examples of the organic polymers
(resins) that may be used for the material forming the wall
layer of the microcapsules include polyamide, polyurethane,
polyester, polyurea, epoxy resin, polycarbonate, urea resin,

melamine resin, phenol resin, polysaccharide, gelatin, gum
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-30 Arabic, dextran, casein, protein, natural rubber

car boxypol ynet hyl ene, pol yvi nyl al cohol, polyvinyl

pyrrolidone, polyvinyl acetate, polyvinyl chloride,

pol yvi nyl vinylidene, cellulose, ethyl cellul ose,

met hyl cellulose, nitro cellul ose, 5 hydroxyethyl

cel lul ose, acetic cell ul osgy-pol yet hyl ene,

pol ystyrene, polymer or copolymer of (neta-) acrylic
Arzdiic, dpskyapr oasebpolpnadelod pabteral zdAs.c ester,

(meta-) acrylic acid- (neta-) acrylic ester
cOMAYREmeshyl ene, pakjatnyl acriodhod ,agod ywdpglly pyrrolidone,

styrene-nmal ei ¢ acid copolyner, alginic 10 acid soda,

AkiihvAChHet BRE af $d NyvSWIURKIBY G d¥At 861 Yedayl Rardanidade,
PJb efl t}gl I osv, car n%u%/%v V\SI—}ES{( al bum n alﬁcgl t he y[i ke.r@q()‘

418 &%;I%ge‘,’ee?f)}gg?é%ﬂﬂé’ﬁr Srethbal éefgggéé% ,ﬁcr?]i%gsbst%heé_lulose,

PO avi ng an anroni c

car boni cid base and the sulfonic acid base. .In
hRsRY L 75 D e e EeR Rt SFE . R leRe,
pol yners i nclude pol yvinyl alcohol, ) )
pypaisaTRpEeneglyeer o rsRelypey| af e(meta-) acrylic acid,
pol ypr opyl enegl ycol nononetacryl ate,

poisirzax ppobypohyeéenst gisteol) pronphit aestdnt elmgial-ynecsylic
or copolynmers thereof, cationic ring-opening polyner

adifd-2-@%azo) i aeryend ddieed idepolfleThes vt @ie-s ofmera-)t y
of pol yvinyl al cohol obtained through conplete

| icat LoBol Sndar td L , | 0
a%ﬁyﬁfy ag?g Fﬁﬁ?%gwéﬁi dtGHlRELha PODE sl débolymer,eslglnlc

efera It 1S easily soluble to hot wat

o A =S RO B S T PR o
héggéﬂfﬁgrggggsgéffo$f géfggu%gtwz%?rafggﬁggwand the like.

Of the above organic polymers, it is possible to
use organic polymers having an anionic base such as the
carbonic acid base and the sulfonic acid base. In addition,
examples of the nonionic organic polymers include polyvinyl
alcohol, polyethyleneglycol monometacrylate,
polypropyleneglycol monometacrylate, methoxypolyethyelene-
glycol monometacrylate, polymers or copolymers thereof,
cationic ring-opening polymer of 2-oxazoline, and the like.
The water solubility of polyvinyl alcohol obtained through
complete saponification is particularly poor, and is
preferable in that it is easily soluble to hot water but not
easily soluble to cold water.

The amount of organic polymer forming the wall

]

layer material of the microcapsules is 1 weight % or greater
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-31 and 20 weight %or less with respect to the water
i nsoluble coloring material such as carbon bl ack or
the organic pignent. By setting the anmount of the
organic polyner to this range, the organic polymer
content within the m crocapsul es becones 5 relatively
| ow, thereby making it posgible to suppress the
deterioration of the coloring (or coupling) of the

amsl gieneigbiudedr byeshevdity aeiseeps| faethe Haatenviarsp iupde
pi gnent surface. Wen the anmount of organic pol yner

coBoniess naheniilweughtafqcadtbon dldickf beuthe targdiiial pigment.
the effects of encapsulating the 10 pignents by the

By £4tQG 8RS hes am&hint her ailelorandc phepméhero afitrolge,

organi c polyner Is greater than 20 MEIght % the

tlgeet néfna?ﬁ%t E rt gc?ntg%@ r‘v{?%%gllglo ER% ?ﬁ{g%%é]%%pgﬁlééq $ecomes

S no eristics
d th | ike a so taken.,into co |derat|on
%r | ASEnatheFED St toPOSE GRTF ct T gRRedss th
a rqnge of 5to 10 weight % wth respect to the water
detryglargitaogoPér FRg FRtEring (ornceuRinGbres, the pigment
possi bl e to suppress the deterioration of the
caudegt biyg ther orgapi ¢ e limers thetanbivats ytheqrigerdr isngface.
and hence exposing a portion of the coloring 20
wWHEt ehealamoand 8f bthgasampdliyier ib lesposisable Weight &, it
obtain the effects of covering the pignment by

i Subsartial by seﬂﬁﬁ n&@r@ffet:@eso@%n@mig&r@; the

portion of the coloring nmateri al nunber dverage

I | a f.grab
o BB B, B SIFE ?%cn%%%l%r%?ﬂtbﬁo?ﬁé.yg?vﬂ%# e ke

the capsul es. ubst ntlaII exposed;
anput gp organic pofymerzis greater Qhan 20 weléE% %, the

deterioration of the coloring {or coupling) of the pigment
becomes notable. When other characteristics and the like are
also taken into consideration, it is preferable that the
amount of organic polymer is in a range of 5 to 10 weight %
with respect to the water insoluble coloring material.

In other words, it is possible to suppress the
deterioration of the coloring (or coupling) by substantially
not covering and hence exposing a portion of the coloring
material, and at the same time, it is possible to obtain the
effects of covering the pigment by substantially covering and
thus not exposing a portion of the coloring material. The
number average molecular weight of the organic polymer is

preferably 2000 or greater from the point of view of producing

the capsules. By “substantially exposed”, it means that a
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-32 portion of the coloring material is intentionally

exposed, and does not refer to a partial exposure

caused by a pinhole, crack, defect and the Iike. Wen

a self-dispersion type organic pignent or 5

sel f-di spersion type carbon black is used as the

coloring material, it is-pgssible to inprove the

di spersion of the pigment even if the organic pol ymer
pevHtantofnithlel Rot peing matrwiptulies insepeienally yexmged, and

Hence, such pignents are suitable for use in the
dpzegert refeentboa partiwml axpasmréOcpuossdbbe 4 gpinhole,

mai ntain sufficient stability of the ink during

cSA O agRreld: hagperéerable to select a suitable organic
pol ymer dependi ng on the nethod of encapsul ating the

pi gment s Wﬁéhhénséng&%%ﬁpo Ryl 595 F@C?ﬂé%ent or

polyester pol yam yur e ane
|done resin he Iike are sui t ed for

s e g PO bR #ZD%?%& 361 et AT ©

Pol ymer or copolyner_of (nmeta-) acrylic ester, (neta-
mét%ﬁﬂﬁﬂrlétaéﬁdPOFﬁﬁ?%ﬁ)thﬂﬁﬂrQ¥ee§F§rdk%ﬁ@ﬁ%&ﬁﬁ of the

styrene- (neta-) acrylic acid copolyner, polyvinyl
pmeﬂﬁi@@ﬁnpdEyVhﬂybrqﬁniﬂrgﬂﬂymemeQOpbeyanWﬂ@rhndﬂthe

like are suited for use when enploying the in-situ
niotodmisudaki 08 relaoive A Jicw.C Hehde, SOGh MAmEHIY lare

al cohol, gelatin, albumn, epoxy resin and the |ike

s &Y tf%Q' 8sb0oin Ugige Vﬁ@be@ffpll%(rbﬂgléﬂ elﬁulg{@tf ged is
hardening and coating ‘nethod. Gelatin, cellulose,

d I
é%%&g%iﬁg F%?n%ﬁfn é&fﬁfﬁf@n u%%391£9£yu§§ gﬁgﬂknk during

€ coacerva

storage.

It is preferable to select a suitable organic
polymer depending on the method of encapsulating the pigments
within the microcapsules. For example, polyester, polyamide,
polyurethane, polyvinyl pyrrolidone, epoxy resin and the like
are suited for use whgn employing the surface polymerization
method. Polymer or copolymer of (meta-}) acrvlic ester, (meta-
) acrylic acid- (meta-) acrylic ester copolymer, styrene-
(meta-) acrylic acid copolymer, polyvinyl chloride, polyvinyl
vinylidene, polyamide and the like are suited for use when
employing the in-situ polymerization method. Alginic acid
soda, polyvinyl alcohol, gelatin, albumin, epoxy resin and the
like are suitable for use when employing the submerged
hardening and coating method. Gelatin, cellulose, casein and

the like are suited for use when employing the coacervatiocn
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-33 (phase separation) nethod. In order to obtain

pi gnents that are encapsulated within fine and

uni form m crocapsules, it is of course possible to

use ot her known encapsul ati ng net hods. Anionic organic
pol yners are suited for use as the 5 organic polyner
formng the wall |ayer matggial of the m crocapsules
when enpl oyi ng the oxidi zi ng separation nmethod or the
{preese sepaension) emetlsidi cdin ordeet hodobTden gphibgeents that
i nversion enul sification nethod nakes a conpound or

afOgcRpseflatadi WRtEivrgaN anfowiiEsrfari dfocapsules, it is
sel f-dispersivity or solubility 10 with respect to

%fﬁdﬂts%ngoésﬁeiéftﬁ9u£8“6¥ﬂé¥ KBHER 8ScAPsu AR Gethods.

oloring material having self- dlsperS|V|ty or carbon

bl ack having self-di spersi fure of a
ol ori ng. APBEFaP eTREE RelahesRoantc Tl bR S hatings e
sel f-di spersivity . or carbon bl ack havin
ORGATHL.PORYPST VI PIRT Helk&ffig 1a§@ﬁtm%e’?ﬁl <% ﬁhﬁ-‘g
agent) and ani oni ¢ organi c polyner, as an organic
migpiogapsupRgswhen nemp kel gy diiec o8y eing phepasatbnp method
supplies the organic solvent phase into water or,
ol Ul phaseatavetoi shesmorgdidicatsohveathgdhaselhes q:b@set 0
encapsul ate the coloring material by the

i QCAPSHLES i phEL €1 s kidthddhRa kel a dbSRSE PR Gomplex of
(phase inversion enuIS|f|cat|on) V%en carrylng out

af iR %%ganigvgéﬁ%ﬁ?& 94 5% of Ef' 8fs tof $Qlbility
course "possi nto t e or ent an
ditive h as. a vehicle for

TESBECY £ BECpt o |%§°&OEF§BeIF‘§1L'%ﬁlaf | ?h“?}‘ fac°'r %Fhe

direct recording ink, it is preferable to mx a 25
o¥qafi¢ FedPEANEIIRFRr Ik dading pRkI-dispersivity or carbon

black having self-dispersivity or, a mixture of a coloring
material such as an organic pigment having self-dispersivity
or carbon black having self-dispersivity, a hardening agent
(or setting agent) and anionic organic polymer, as an organic
solvent phase, into an organic solvent phase, and supplies the
organic solvent phase into water or, supplies water to the
organic solvent phase, so as to encapsulate the coloring
material by the microcapsules.while making the self-dispersion
{(phase inversion emulsification). When carrying out the phase
inversion emulsification method, if is of course possible to
mix into the organic solvent an additive such as a wehicle for
the ink. From the point of view of producing a dispersion
fluid for the direct recording ink, it is preferable to mix a

fluid medium of the recording ink.
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-34 On the other hand, the oxydizing separation nethod

neutralizes at least a portion (that is, neutralizes a

portion or all) of the anionic base of the organic

pol ynmer that includes the anionic base by use of a

basic salt conpound, so 5 as to nake it water sol uble

and mxes it within a wategg.nedi um together with a

coloring material such as an organi c pignent having

sel f - di sp@&nsitbel ptevrhamgh bdhebbayklFavy ngeRrfgtion method

di spersibility, thereafter nmakes it acidic or pH
ndifitandlzesnabylease afpcrtiaci dthatpbapdnéwtsepisrest @ ppdtion

adhere the organic 10 pol ynmer that includes the

oxa%!lqr)' erbase hRibhfc G iTYthBBbeFARl ¢ pOL JrirMidhat
hydrous cake. The hydrous cake is then subjected to a

i f@%dfe%' LR L gmom %ggew alskZ8% a BOLE L ofy co?rlplfauﬂri 50

e ani oni cC ase usli ng basic sa Corrpoun
the mcrog | e re SR bl e
aprculiEsen L aEHET srO TS PO P e L RAE P h tge® medium

pi gnent s that are encapsulated by fine anionic
tagethecapitihesd FRtPTHIh G SrirdeSuahodht ABfORHATHEN P4 gment

Exanpl es of a solvent that nmay be used when making
havhimgrisei dedpspeesikliekidny lved cabber bhetkdealrg/ Iself-

al cohol s such 20 as nethanol, ethanol, propanol and
diipearabi 1at et hér SyflenC aialkels i s UeBiasc benzsH @eutirol én by

and xylole; esters such as nethyl acetate, ethyl

| udel %%a%ﬁ aéfﬂg buiybuae %@ts%parﬁme o5 hAad @cky drRCrBans ¢

such as chloroformand ethylene dichloride; ketones

P BUBR SRR E5PRY R b IEAA 28 8 ot S
material, to form a bydrous cake. The hydrous cake is then
subjected to a neutralizatian which neutralizes a portion or
ail of the anionic base using a basic salt compound, to form
the microcapsules. &As a result, it is possible to produce a
water dispersion fluid that includes pigments that are
encapsulated by fine anionic microcapsules including a large
amount of pigments.

Examples of a solvent that may be used when making
the microcapsules described above include alkyl alcchols such
as methanol, ethanol, propancl and butanol; aromatic
hydrocarbons such as benzole, triole and xylole; esters such
as methyl acetate, ethyl acetate, and butyl acetate;
chlorinated hydrocarbons such as chloroform and ethylene

dichloride; ketones such as acetone and methyl isobutyl

ketone; ethers such as tetrahydrofuran and dioxane; and
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-35 cel l osol ves such as nethyl cell osolve and butyl
cell osol ve. The m crocapsul es nay be separated from
the solvent by centrifugation, filtering or the like,
agitated and redispersed together with water and the
necessary solvent, so 5 as to obtain the desired
recording ink. Preferably,3@an average grain dianeter
of the encapsul ated pignent is 50 to 180 nm By
calncmpdvest snght e peignehtcegyloshévei erddapaid exsllasdve.
pi gnent nore positively adheres on the recording
Thee diitrot@psutas asay e paperaledafdonhehs ca@piart by
resi stance of the recorded inmage on the recording
c i¥igat ibAPT BYBEeridy Vrdehet 9iRBKeadNELE QYA NY i Nk
have a"desired property or, to prevent clogging of
t l.e i.ng a 4 ryi
e SRR R g A0 3L Ut el A g p R R Hne, <o
sal ve i,n dition tp the colorin terial. The
Ao PPt o B e SHEORHE Bt e L AL Atk &0
agent and_a penetrating agent. The_wetting agent is
avddes PERrinhéipueire olbfthsr 6PEAPPRYR IR RIBYGItngSoP0 to
the nozzles of the recording head 14 due to drying.
1O nmarti cul ar exanples of the wetting agent include
pol yhydri c al cohols such as ethyl ene glycol,
di et hyl engygbie@bsuldtimf hneepegpbitoby tied mieidyHagR@les,
gl ycol, polyethylene glycol, propylene glycol, 1,
tﬁ%‘%ﬂbﬁ@ﬁg'ﬁbrel oé&ﬂﬁ%ﬁ%@n%ﬁbgkesZéﬂﬁﬁﬁédfeébrding medium
3- pr opanedi ol , %, 4-pbut anediol, 1, 5-pentandiol,” 1, 6

s Z%EE%§%B§?L§£ergéy9§{§'%helsc§ap§ﬁ86%é%E%{Aﬁ¥e of the

recorded image on the recording medium is improved.

In order to make the recording ink have a desired
property or, to prevent clogging of the nozzles of the
recording head 14 due to drying, it is preferable to use a
water scluble organic solvent in addition to the coloring
material. The water soluble organic solvent includes a
wetting agent and a penetrating agent. The wetting agent is
added for the purpose cf preventing the clogging of the
nozzles of the recording head 14 due to drying.

Particular examples of the wetting agent include
polyhydric alcohols such as ethylene glycol, diethylene glycol,
triethylene glycol, tetraethylene glycol, polyethylene glycol,
propylene glycol, 1, 3-butanediol, 1, 3-propanediol, 2-methyl-
1, 3-propanediol, 1, 4-butanediol, 1, 5-pentandiol, 1, 6-

hexanediol, glycerin, 1, 2, 6-hexanetriol, 2-ethyl-1, 3-
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-36 hexanediol, 1, 2, 4-butanetriol, 1, 2,
3-butanetriol and petriol; polyhydric al coho
al kyl ethers such as ethylene glycol nonoethyl ether,
et hyl ene gl ycol nonobutyl ether, diethylene glyco
nononet hyl ether, diethylene glycol 5 nonoethyl ether,
di et hyl ene gl ycol nonobut ykgether, triethylene glyco
nonobutyl ether, tetraethyl ene glycol nononethyl
hexdgdigdd propy| éneugkyeiticiondet Ryl 3ebhbanetriol and
pol yhydri c al cohol aryl ethers such as ethylene glyco
peonioglhe polyavhel casticeidly | &g/ lgthees soohbaszytheidier ;

10 nitrogen-contai ning heterocyclic conpounds such as

goseet MHmedthRy ! é@héﬁ'on@thﬂéﬂéd g&sn hybnebRY$1 olirdane,

2-pyrrolidone, 1, |nethyI|n1 azol i di none and

Tl Sy e w2 o &'%wf%iné; W e
, 15
e e A e BEnabibRl Sroes oo
am ne; sul fur- contalnln%tconpounds such as di net hyl

txigthodicne, 9lyepd| BARORIHEY } IftdGitet hahBRethY beRs enlycol

carbonate; ethylene carbonate; y-butyrol actone and
métemdtilkd. eCherofnd uptospl arentgs. ycolt, manoeikhyl eettHes
plurality of such solvents, are used in 20 conbi nation

pdil fHydMaice bl cdhel pehel redhdigs a@ent abSeangeshd oyl yayilove
the wetting characteristic between the recording ink

néMpHNS1 EeRRFALAG S 1HRe %’1%59 RhYSEntPE ether;

penetration rate (or “speed). "The penetrating agent is

oAbl Lep ssonled. by 25 ong 0L Lbe Lo bbkny -
pyrrolidone, N-hydroxyethyl-2-pyrrolidone, 2-pyrrolidone, 1,
3—dimethylimidazolidinone and eg-caprolactam; amides such as
formamide, N-methyl formamide and N, N-dimethyl formamide;
amines such as monoethanol amine, diethanol amine, triethanol
amine, monoethyl amine, diethyl amine and triethyl amine;
sulfur-containing compounds such as dimethyl sulfoxide,
sofolane and thiodiethanol; propylene carbonate; ethylene
carbonate; y-butyrolactone and the like. One of such solvents
or, a mixture of a plurality of such solvents, are used in
combination with water.

The penetrating agent is added to improve the
wetting characteristic between the recording ink and the
recording medium, and to adjust the penetration rate (or
speed). The penetrating agent is preferably represented by

one of the formulas (1) through (4) respectively shown in FIGS.
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-37 10 through 13. The pol yoxyet hyl ene al kyl phenyl
et her surface active agent represented by the fornul a
(1) where Ris a hydrocarbon chain of carbon nunbers
6 to 14 that may branch 5 and k: 5 to 20, the
acetyl ene glycol surface active agent represented by
the formula (2) where m n370 to 40, the
pol yoxyet hyl ene al kyl ether surface active agent

10 epireseht @d. by the fornmula (3) where Ris a
hydr ocar bon chain of carbon nunbers 6 to 14 that may
branch angnk: pélp@xi@ah@r&aet ae x{:QphehyDxyEthdy | AanfFace
pol yoxypr opyl ene al et her represented by the

ad Q5 g% @ggé lgtéa% i3y b hydr ecankon @i‘?'vﬁhé?ée cRarleoa

nunber l'ess than or equa to
the s

RS b8, 207 55 SURRRACE HI0e| a e brancn

characteristic between the recording 15 i nk and t he
andbdor §i %9 ABdi B¢ aEREY e gLEgsd FHEf%%%e&E‘F%’t‘{eoﬁgent

rate (or speed). O course, it is possible to use
ran&ﬂamﬂeﬁngyaghﬁtEOImHIEH(ajhaherhemconpd@ﬁﬁ% 40, the

represented by the fornulas (1) through (4). Exanples

pdlfyexieithglibae peRel retliag sageate 20tivel agentaldegresehted
pol yhydri c al cohol and aryl ethers such as diethylene

bl e lsFRReRNeBY | wed herr i&f Ry h?ﬁ%o@hiz‘ﬁ@ﬂl RPN Warbon
ether et hyl ene gl ycol nonoaryl ether, diethylene

L ySal ¢ Epnophepyl r?{iiﬁ{ran@heégﬁl es%a% JuelTale A

er, propylene utyl " et her and

gt et s emient S ete oo,

the formula (4) where R is a hydrocarbon chain of carbon
numbers 6 to 14 and m, n: less than or equal to 20, can reduce
the surface teﬁsion of the ink. As a result, it is possible
to improve the wetting characteristic between the recording
ink and the fecording medium, and to increase the penetration
rate {or speed}.

Of course, it is possible to use penetrating agents
cother than the compounds represented by the formulas (1)
through (4). Examples of such other penetrating agents
include alkyls of polyhydric alcohol and aryl ethers such as
diethylene glycol monophenyl ether, ethylene glycol monophenyl
ether, ethylene glycol monocaryl ether, diethylene glycol
monophenyl ether, diethylene glycol monobutyl ether, propylene
glycol monobutyl ether and tetraethlyene glycol chlorophenyl

ether; nonionic surface active agents such as polyoxyethylene
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- 38 pol yoxypropyl ene bl ock copolynmer; fluoric surface
active agents; |ower alcohols such as ethanol and
2-propanol; and the like. O the above, diethylene
gl ycol nonobutyl ether is particularly preferable for
use as the penetrating agent. 5 The surface tension of
the recording ink is prefgegably in a range of 20 to
60 miJ/nm2. Fromthe point of view of sinmultaneously
Palghizapnepyaesat bieak t arpelvaeri; nfluehar aznefacs iastive
between the recording ink and the recording nedium
agdrtt ssatlioskac bbeyghol Al Nisclofast kehenkl dangs?-ptopamol; and the
further 10 preferable for the surface tension of the

141807 difNG hien Ebb@e beqidthyd endNgeyebl %Qoﬁ@o@@lmléﬂﬁ’er The
viscosity of the recordrng ink is preferably in

pgxfaﬂg:%l%frl%f Bre eggbipe rr'?o%s te gtgcth@ng?né{ ro a%%'n[&t

Vi ew |eV|ng stab € I'nk I on
nozzl es, is 15 further, refer bIe t ha
Vi scosi tyTE?F ?HEQ?%%&%H 8 FRCQE Hﬁ%e”H? %0

to 10 nPas at 25C. The pH of the regording ink is
praferabdll y0i A Bangarkfe 7?9 ty ©8 !Eif./mér orhtFe thei Reint of
view of preventing corrosion of netal nmenbers that
vimkefceitattanethsihe@lavengr di sgtinkaciary svdturiniger
preferable that the pH of the recording ink is in a
cHz12398 e0fi 561 tobd Bwedh & Hee GRICAirAgng NknRBYNd NEHdId@ @ rding
preservative and fungus repellant. By including the
md1GRE WAl 481 8RL-f MRAIUS-a 8PS @Hé ihk dJ.SOI:FéOSS:Ltbl:L% ¥Qrther

prevent germ reproduction, and 25 inprove t

pref%ra yf8£ £Hg é&%féggwﬂgﬁsiggrgg ﬁQQréég}dlng ink to be

in a range of 30 to 50 mJ/m’.

The viscosity of the recording ink is preferably in
a range of 1.0 to 20.0 mPa*s at 25°C. And, from the point of
view of achieving stable ink ejection from the nozzles, it is
further preferable that the viscosity of the recording ink is
in a range of 3.0 to 10 mPaes at 25°C.

The pH of the recording ink is preferably in a
range of 3 to 11. ¥From the point of view of preventing
corrosion of metal members that make contact with the
recording ink, it is further preferable that the pH of the
recording ink is in a range of 6 to 10.

The recording ink may include a preservative and
fungus repellant. By including the preservative and fungus
repellant, it is possible to prevent germ reproduction, and

improve the stability of the ink during storage and the
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-39 picture quality of the image that is recorded on

the recording nedium Exanples of the preservative

and fungus repellant include benzotriazol,

dehydr osodi um acetate, sodium sorbic acid,

2- pyredi net hi ol -1 -sodi um oxi de, isothi azol ene

conpound, 5 sodi um benzoicz@ci d, sodi um

pent achl orophenol and the like. The recording ink nay
piaicinedgualibgt ofreventnags thgenis Bycoydediditnghehaecording

rust preventive agent, it is possible to forma film
mediddhe ERbBAbleSIdACEhd hdeseakasicontadt fmidus ddpellant

recording ink, such as the recording head 14, so as to

10 RICYRR ot D82 FBL al gy draeedh RN EsEg. scﬁi@@lﬂ@'s%‘ib@f:
t e rust preventive agent include acid sulfite,

st %Hgéﬁlglﬁl—%%u&agéo%gé}%% Gtk compound,

sop anmoni um peht
tetranltrate di ¢ycl oh,

sqdiym DPBZoRE REh ro‘?‘?fbl"l’%?eﬁﬁ?c ‘?icﬁﬂ‘gzﬁ'ﬁ Hrlke

i nhibitor. By including the OX|dat|on i nhibitor, the
oxi dat i onThRhrBEeEding | Ink Mayi AREEURE R CHRSE GOy SIdRe
the radical seeds that cause the corrosion is

adggaiter aBgd intitndeng the imusgopsebbrtive prgarent it is possible
corrosion. 20 Exanples of the oxidation inhibitor

td Hride phenobn €REmRMdS sstghcasthyermgkesangitact with
conmpounds of garates and hi ndered phenol conpounds

ugeug&c%%d%ngu% 1( %&hb&gx:lhepr‘éESﬁeim SeERM F?so( 3s to

tert ydrozypheny ) propionate, 2,

P ﬁé’r%ﬁ%t%% SHEEG R OB - GRS fhegrust
41-thio bis (3-nethyl

preventive agent include acid sulfite, sodium thiosulfate,

ammonium thioglycolic acid, diisopropyl ammonium nitrite,

pentaerythrotol tetranitrate, dicyclchexyl ammonium nitrite

and the like.

The recording ink may include an oxidation
inhibitor. By including the oxidation inhibitor, the
oxidation inhibitor will eliminate radical seeds when the
radical seeds that cause the corrosion is generated. Hence,
it is possible to prevent corrosion.

Examples of the oxidation inhibitor include phenol
compounds such as hydroquinone; compounds of garates; and
hindered phenol compounds such as 2, 6-di-tert-butyl-p-cresocl,
stearyl-p—(3, 5-di-tert-butyl-4-hydrozyphenyl) propicnate, 2,
2’ -methylene bis(4-ethyl-6-tert-butyl phenol), 2, 2'-methylene

bis (4-methyl-6-tert-butyl phenol), 4, 4’-thio bis (3-methyl-
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| -40 6-tert-butyl phenol), 1, 1, 3-tris
(2- et hyl - 4- hydr oxy-5-tert- butyl phenyl) butane, 1,
3, 5-trinmethyl-2, 4, 6-tris (3, 5-di- tert-4-hydroxy
benzyl) benzene, tris (3, 5-di-tert-butyl-4- hydroxy
benzyl) isocyanrate and tetrakis [nethylene-3 (3, 51
5 di-tert-butyl -4-hydroxy_penyl) propionatel nethane;
and the |Iike. Exanples of the oxidation inhibitor

6-alesr -batlylidphenol he LorpouwndsisudA-msthyl-4-hydroxy-5-tert-
N -di phenyl - p- phenyl ne di am ne,

bheEnyhepynapBtbyham ne, 3 pliemytimethaph? hyd and-AepisN, (3, 5-di-
NI'- P 10 napht hyl - p- phenyl ene di am ne, N, N -di phenyl

t%éﬁ%—%gr%:@k?”beﬁzﬁi\' bé}‘izéﬂe - see1butyl - p-phanvhensityl-4-

etranet hyl - dlan1nod|phenyl nathane

ik | es .of 0 )~ &l=$0 £/
o aBE =S 01 f bF CCOHBTRS S SR harhr | Lo Gyt AFC o
t hi odi pi onat e, distear 15 thi odj nat e,
A3 2hFTH- %élf-éfﬂ-yfl Pﬁ%%sbr%pﬁwadﬁaPéopam %@? ane; and the
t hi odi propi onate, distearyl P, P -thiodibutylate, 2
likg capt obenzo inmidazole, dilauryl sulfide and the
i ke. Furthernore, exanples of the oxidation

i nhi bi t or Eaxksplencbfidegse @hasthonusnhbpbondsl secndside
tri phenyl phosphite, trioctadecyl 20 phosphite,

arhried oRRasPBLER, ad M) aumdiphhophesphénEine diiphame,
di odecyl phosphite, trinonyl phenyl phosphite,

AL Gl Al S0 4 -
nq§ﬁ£ﬂ¥'t%LQhEX§Tg£gsdfgmfgg% %H keng enyiru%ﬁ§¥%ne diamine,
N, N’-di-sec-butyl-p-phenylene diamine, 4, 4’'-tetramethyl-
diaminodiphenyl mathane and the like.

Examples of the oxidation inhibitor also includes
sulfur compounds such as dilauryl thiodipropionate, distearyl
thiodipropionate, lauryl steryl thiodiproprionate, dimyristyl
thiodipropionate, distearyl B, B’-thiodibutylate, 2-
mercaptobenzo imidazole, dilauryl sulfide and the like.
Furthermore, examples of the oxidation inhibitor also includes
phosphorus compounds such as triphenyl phosphite, trioctadecyl
phosphite, tridecyl phosphite, trilauryl thiophosphite,
diphenyl diodecyl phosphite, trinonyl phenyl phosphite,
distearyl pentaerythrythol phosphite and the like.

| Furthermore, the recording ink may include a pH

reqgulator. Examples of the pH regulator include hydroxides of

alkaline metal elements such as lithium hydroxide, sodium
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25 al kaline netal elenents such as |ithium hydroxide,
sodi um -41 hydroxi de and potassi um hydroxi de; anmoni um
hydr oxi de; quat ernary ammoni um hydr oxi des; quaternary
phosphoni um hydroxi des; carbonates of al kaline netal
el ements such as |ithium carbonate, sodium carbonate
and potassiunmcarbonate; 54am nes such as di et hano

am ne and triethanol amne; boric acid; hydrochloric
hyererids gt Potassdmakedrexias d ammenite hygkexidext

a description will be given of a control part of the
quakerreiry egmoding hppgacatdss; uatefrearynghtsphdtiun 4.
10 FIG 14 is a system bl ock di agram show ng the
he@pdtefardarBbnatbBe bhkal kel IrRC eledtaNge2BRKREE USucH as
control part 100 shown in FIG 14 includes a CPU 101
he ' 0

%%uaﬁw%b@w%g% sféééérﬁpr%%ﬁog*ﬁ?% SRRchd g A tates

Lo 5 FPEaaT Q%Eﬁ%%j i, £ av?ie?mwe: boric

non- volatlle nmenory 104 that hold data even
aGHdn REasbherief th ; |$1‘P<l WG e68Fdi Agehpparatdnd the
OFF, and an ASIC 105 that carries out various Kkinds
lbkesignal processing, inage processing such as
rearrangenment, and other 20 processing including
processi n@ead, i apdésantpolbputildi peabsvehotf a control part
controlling the entire ink-jet recordi ng apparat us.

off NehL GHK-Gle tPBEEC Q0N d Wb hera RG] HYeSe 80t 1 & ré@%ﬁm 14.

(I/F) 106, a driving maveforn1generator 107,” a head

%ﬁ'\@%' 08 o Qt@ﬁ'ﬂlé&@ﬂdi&&fﬁﬁ @E %&H@ Qﬁétcgﬁérol part of

i Ving a mar n

the ink-jet recording apparatus.

A contrel part 100 shown in FIG. 14 includes a CPU
101 that controls the entire ink-jet recording apparatus, a
ROM 102 that stores programs to be executed by the CPU 101 and
other fixed data, a RAM 103 that temporarily stores image data
and the like, a non-volatile memory (NVRAM) 104 that hold data
even when the power of the_ink—jet recording apparatus is OFF,
and an ASIC 105 that carries out various kinds of signal
processing, image processing such as rearrangement, and other
processing including processing of input and output signals
for controlling the entire ink-jet recording apparatus.

The control part 100 further includes an interface

. (I/F) 106, a driving waveform generator 107, a head driver 108,

a main scan motor driving part 111 for driving a main scan

motor 110, a sub scan motor driving part 113 for driving a sub
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25 notor 110, a sub scan notor driving part 113 for
driving a sub -42 scan notor 112, an AC bi as suppl yi ng
part 114 for supplying an AC bias to the charging
roller 34, an environnment sensor (or sensor unit)
118, and an input/output (1/0O part 116. The
interface 106 exchanges daga-and signals between the
control 5 part 100 and a host unit 90, such as a
span suralr ddapuier AC bhes iy wimg paugelpd ofesssyrplying an
apparatus according to the present invention. The
adrbid hgovahef ehargengredbred B2, genenat esnmenlt | sémgpr (or
wavef orm for driving and controlling the recording
sdeask lﬂni\tga 1tke BRadadrivsit AR puthe1goyi paneenis 10 the
sensor 118 detects the environnent tenperature and/or
: Vil 1. di Is Lo
SRR R bR T e A BB S e B e o
sensor.s ot shown _iq&iudin the environnent sensor
Pagtg 104 Pa?’PBE {iﬁh‘él 1 PUGs 38oAnBEFBA T 0 THEPULCL,
~control part 100, so as to input and 15 display
ingheting ithe R3PS Broreesiyr Prperekes| aRcPeiingder dihsy
apparatus. The control part 100 receives print data
prexkrtthe nvienkeé pni. ncThe i dngl virgay evadattarmf genetdrieohoki”’
unit 90, at the interface 106, via a cable or a
géedviids aTheikeal wavdfOon My 4R ibengrded Upofrdlling the
personal conputer or the like, and fornms an i mage

rOEOCESR] MEaBPRAr B4 StRY UL AP 319812108 0CO88d ehvi ronment

apparat'us, an inage readi ng apparatus such as an

s Rrgina Cebrerd SRR A BRRRLE, I R

control part 100 is generated by a
environmen% hum%dgty. g&he input/é%tput part 116 inputs

detection signals from various kinds of sensors (not shown)
including the environment sensor 118. 2An operation panel 117
is connected to the control part 100, so as to input and
display information that is necessary to the ink-jet recording
apparatus.

The control part 100 receives print data and the
like, including image data, from the host unit 90, at the
interface 106, via a cable or a network. The host unit 90 may
be made up of a personal computer or the like, and forms an
image processing apparatus such as a data processing apparatus,
an image reaQing apparatus such as an image scanner, and an
image pickup appaﬁatus such as a digital camera. The print
data with respect to the control part 100 is generated by a

printer driver 91 according to the present invention of the
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25 printer driver 91 according to the present
i nvention of the -43 host unit 90. The CPU 101 reads
and anal yzes the print data wthin a reception buffer
that is included in the interface 106, and after
carrying out a data rearranging process and the 5 |like
in the ASIC 105, transferssthe imager data to a head
driving control part that is forned by the driving
howiv efditm®Ogener at or 107 and the head driver 108. The
conversion of the print data to the bit-map data for
t he purpoSheoCPoul Puttearts ainlde anphygeesstioarprio adtaby
the printer driver 91 which 10 devel ops the print data

witHi® bheebbbtiBR Watfeanthadtr agsfigesudédeiPring daled face
it-map data) fromthe host unit 90 to the contro

(b I Lhe .
1#’%&%:%‘2?525%“?%%%# 5 %f g‘rj@éigﬁ%?ﬁiﬁérﬁ? l(#f.*’vﬁgn%r " the
) 07 i .15 di gi -1o-
Lo toP RDRG) LT or AU g e nETRATE SPLE it £ BPaC

t he driving Eulses to a_di%jtal-to-analo conver si on
drvd nGU CRDEEP hgPHF § hthads déc L orpetingY hehe FFividl reyedorm
driving waveformthat is nmade up of a single driving
gendrsofrdiDVi agd sherwadd criaepl UPAl i t Thefcarvatdsign of the
pul ses (driving signals). 20 The head driver 108
pdiritvemthheor exerish tmdreaththd fby thel petposd omppitpunging
the driving pulses formng the driving waveformthat

tieS inReel Yedchrpred r@uﬁ"@}fﬁft@l%m?g@ﬁ@éﬁt @F i 310 wHike

pressure generating neans of the recordi ng head 14,
adjighs e’ e SE" AR YA the! BROSIR! Gt Und Ueeblors

ata) amount 1 ng
the print data (bit-map data) from the host unit 80 to the
control part 100. However, it is of course possible to store
font data in the ROM 102, for example.

The driving waveform generator 107 includes a

digital-to-analog converter (DAC) for subjecting the pattern

data of the driving pulses to a digital-to-analcg conversion

and outputting with respect to the head driver 108 a driving

- waveform that is made up of a single driving pulse (driving

signal) or a plurality of driving pulses (driving signals).
The head driver 108 drives the recording head 14 by
selectively applying the driving pulses forming the driving
waveform that is received from the waveform generator 107 to
the pressure generating means of the recording head 14, based
on the serially input ilmage data {(dot pattern data) amounting

to 1 line of the recording head 14. For example, the head
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25 to 1 line of the recording head 14. For exanpl e,
the head -44 driver 108 includes a shift register for
inputting a clock signal and the serial data, a |atch
circuit for latching the register value of the shift
register in response to a latch signal, a |evel
converting circuit (or |evek-shifter) for 5 converting
a level of the output value qof the latch circuit, _an
dpieTod 0SwirchudrEay Tttt liaadstay ARENsIPRHEinG & clock
controlled to turn ONVOFF by the | evel converting
signzduiand &he sheibl kdata, i tleitshcasecuihefoecmidiigg the
head 14 can be driven by selectively applying a
r¢yeaeire mailned ofir tMé ngh ey efcgrimtiercl idedspdflse ned ke latch
driving waveform from the driving wavef orm generat or

sﬂ&%ﬂ 0 4t ﬁ%v@&eééﬂ’(rértgﬁﬂf r(.ﬁtﬂdﬁgt"%:gsl@rrei hﬁn{fﬁé&r}dif‘%&

head ‘14, ~ by contr ol Ilng the OV OFF state of

cé%é% mntgh ir8¥ t é]édy urg? ﬁe ftEﬁérEaégﬂ\“f¥%ult

Waver |s ma I VIing pul'ses
and Iurallt of drl 15 pul ses are

afa;?m%@a tSEYlFFr PFERBUIY Faiter g‘t’Lngm gls ttat hie controlled
recording head 14 so that the recording head 14

to s SN{OFFabyethaklaitedp coavastiine ¢hkcetop, and $ihgl Like.
ink drop or no ink drop, in order to reproduce 4

IKithds chsgy, athei oacdwsliels hele l1dmage boradrinersyst em
according to the present 20 invention is fornmed by

sdiRethest yBpp190ng | ABHIRARERS BbAJdr 8PPEG Abdisdfdriidtincluded
executes the inage processing method accordlng to the

Kk
rﬂ;cgfee Elkr[l}ﬁﬁn&é{?é‘foﬁﬁ‘%foli’rﬁ thi d!rﬂuﬁﬁs el %%%re@alﬂér

of B I rage form ng appar at

16%“%0 %B%SSQE ¥§néeﬁg}atlng means of the recording head 14,

by controlling the ON/OFF state of the analog switch array.

Iﬁ this embodiment, the driving waveform is made up of a
plurality of driving pulses, and one or a plurality of driving
pulses are applied to the pressure generating means of the
recording head 14 so that the recording head 14 outputs a
large ink drop, a medium ink drop, a small ink drop or no ink
drop, in order to reproduce 4 kinds of gradation levels.

The image forming system according to the present
invention is formed by the host unit 920 (image processing
apparatus) that executes the image processing method according
to the present invention, and the ink-jet recording apparatus
that forms the image forming apparatus according to the
present invention.

A description will now be given of the two-way
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25 A description will now be given of the two-way -45

color difference that occurs in the inmage form ng

apparatus. The "two-way color difference" refers to

the color difference that occurs due to a slight

di fference between the color tones for the recording

in the forward path (or doym-path path) and 5 the

return path (or up-path) of the recording head scan in
callme didiferepaantimgt digmutsi an tbe ihege woomming apparatus.

recordi ng, because the order in which the recording
THeh KRS war-@aQVeol appeif feraticki’'erefiersf bo tie dalrosad fiarbnce

and the return path. For exanple, when the two-way

tHRC YL RE hieChbrdedhich? eykrrBYeHEE BErhdis: t9ROGNBY tones
head 14 shown in FIG ™15 having a row of nozzles

arranged in.t c ' dj ti Al .S,

e BRAERsORe LA B TS B ol LS 4T Pk pkfS an
order YMCK, the two-way . color_ difference qQccurs at .

the FS5HFR RAERe (97 1 RPH §Eof PPeESTOF T MEETDeERPapn the
on the paper 3. FIG 15 15 is a diagram for explaining

maie skeasisgr derepelahforhé&henwbvaayay corerr Hirfd ebegaase the
generated thereby. When the yellow (Y) ink and the

omdean iCphiink bhertamrdimg doker arenevéretappsl disf Heféarent
bet ween the case where the recording is nmade using the

fotehewroir-tkrangathearty ahel flktiibnt pashorder and the
case where the 20 recording is nmade using the cyan ink

and the yehLlow Lnkid N it $h@r 86b-wkeNE&eo I8ty GRe carried

two-way recording 1s carried out wusing the recording

o9, Ao B gt e Gt LR SO Sy 9S HBhEt -
r ! o;q\%arn%zg%teg g];:rctalnqgecrl eicrg rgiiien gs&beasdca%%%.?lgaré(g.rggi:ggnt Ieghat is,
the recording direction) for each of the colors, in the order
YMCK, the two-way color difference occurs at the part where a
plurality of recording inks overlap on the paper 3. FIG. 15
is a diagram for explaining the head structure and the two-way
color difference generated thereby. When the yellow (Y) ink
and the cyan (C) ink overlap, the color tone becomes different
between the case where the recording is made using the yellow
ink and the cyan ink in this order and the case where the
recording is made using the cyan ink and the yellow ink in
this order. Hence, when the two-way recording is carried out
using the recording head 14 shown in FIG. 15, the recording is
made using the yellow ink and the cyan ink in this order in

the forward path of the reccrding head scan and using the cyan

ink and the yelliow ink in this order in the return path in the
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25 ink and the yellowink in this order in the return

path in the -46 return path of the recordi ng head

scan, and a band-shaped blur (uneven color), that is,

the two-way color difference, is generated because of

the different color tones for the forward and return

paths. 5 In order to elim-paate the two-way col or

difference, a head structure nmay be designed to
refErudeth pfuthei rgecHdinhheast Srapz| asd a2 rkaifbhaped blur

the main scanning direction, where each rowis made
(wpwsn goglom al £hyt ofsnodE dva-way eréor adifregeshden tilse

sub scanning direction, two or nore rows of 10 nozzles
geticrgifeaV bdedube €f etie tdif feamtCeblbri tkne @bttt Hee Folrward

one row of nozzles for ejecting a different color ink
and redhfangednhet ween two rows of nozzles for ejecting

the sane "color ink. I FIG 16 is a diagramfor

expl aining a h 5 structure.taor elinpatj t
t Wo- way cgpoﬁrgggfé?é%%%ﬁgﬁé§e § %wﬁanW?¥C§°%§% 4¥%§erence’
rows of nozzles for ejecting the ¢yan .ink and the

2 REGeh L Tk VSR e™PY A &?&L@@%\ﬁeéﬁ thelvdee dtlunadifive st
for ejecting the yellowink, so that the recording is

rovsd @ fusioag leReatyanrgechknatdiet FReipebreanpink diradiisn, where
order or, 20 using the yellow ink and the cyan ink in

eddh soer der maflerupodh a tHierkaiwsgr df padhz beal tiHae metsur n
path of the recording head scan. Further, the

areeRicdl 18 €A8 WS RMABEL diskRlibAS tHRIANER HeNkoaRdof
the yellowink in this order or, using the

nozzles are provided to eject the same color ink, and at least

one row of nozzles for ejecting a different color ink is

arranged between two rows of nozzles for ejecting the same

color ink.

FIG. 16 is a diagram for explaininé a head
structure for eliminating the two-way color difference. BAs
shown in FIG. 16, the rows of nozzles for ejecting the cyan
ink and the magenta ink are provided between the rows of
nozzles for ejecting the yellow ink, so that the recording is
made using the cyan ink and the yellow ink in this order or,
using the yellow ink and the cyan ink in this order, for both
the forward path and the return path of the recording head
scan. Further, the recording can also be made using the
magenfa ink and the yellow ink in this order or, using the

yellow ink and the magenta ink in this order, for both the

forward path and the return path of the recording head scan.
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yellow i nk and the magenta ink in this order, for both
the 25 forward path and the return path of the
recordi ng head scan. -47 As a result, the two-way
recording can be carried out while enlarging the
col or reproduci bl e region, and a col or recording
having a | arge col or repraodyci bl e regi on can be
carried out at a high speed. 5 In order to elimnate
As he tes:liay thel brodidy ereanysling dasablescanried eoutmyliide
designed to include a plurality of rows of nozzles
el Bgesl the theofardpsadntiblg: diegdohi, oand Wet®l o asdtording
row is made up of a plurality of nozzles that are
h&F1A09ed et BE1SHPrSSANIAIH1d R bANcak Woe Ua MBI&S out at
rows” of 10 "'nozzles are provided t0 eject the sane
a ol rsgngﬁ_at | east one row of nozzles for ejecting a
HYerdnt color ink is arranged between two rows of

nozzles faor ejecting the same color ink, and the rows
of nozzl est™¥ GFd%FeEgi?ﬂg“i‘H@%ea o er WFHk"%E%r difference,
arranged symetrically to the right and | eft about a

a cegndrstmcrs Way dee i depannshdiccdngluds @ Helwga ity of
scanning direction. FIG 17 is a diagramfor

rexplai moxglasobheandmadin dthreuatatime stennehg ndinatamigpri,herhere
two-way color difference. As shown in FIG 17, the

ed @& IROHELESUHObT & g8l itthe cFanBzz Lo Ofhdthkardd €
arranged symetrically to the right and | eft 20 about

alg% a £ rhe @%C&ﬁﬂﬁ m&@&%ﬁ{, tRothe fmid rows of

Ing direction. e particularly, the rows o
DOEELE % Brohath 00 IO JRCTERENS Mo one
about the center axis . ) ) ,

row of nozzles for ejecting a different color ink is arranged
between two rows of nozzles for ejecting the same color ink,
and the rows of nozzles for ejecting the same color ink are
arranged symmetrically té the right and left about a center
axis which is perpendicular to the main scanning direction.

FIG. 17 is a diagram for explaining another head
structure for eliminating the two-way color difference. As
shown in FIG. 17, the rows of nozzles for ejecting the same
color ink are arranged symmetrically to the right and left
about a center axis which is perpendicular to the main
scanning direction. More particularly, the rows of nozzles
for ejecting the cyan, magenta and yellow inks are arranged
symmetrically to the right and left about the center axis

which is perpendicular to the main scanning direction, that is,

symmetrically to the right and left of the row of nozzles for
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whi ch is perpendicular to the main scanning direction,

that is, 25 symetrically to the right and left of

the row of nozzles for -48 ejecting the black ink in

this particular case. Hence, two or nore different

color inks may be overlapped in an arbitrary order

that is desired, for both-tlge forward path and the

return path of t he recording head scan, with respect
ejeching |Hrydlaginbek & EQ&%NEﬁr§%§Wia¢e§aﬁP tence, two or

two-way recording can be carried out while further
mend al i ey drite codbor inks pnay s biverlegped, ianghn saxol tarary

recordi ng having a larger color reproducible region

ofA8r benhcarid ersaubdat £or bEth spredorkhed d8thsSard the
di agram for explaining still another 10 head

ré{l?#‘(r;tégﬁl fy ,Eglle's Eéﬂi{nllg%tl{@acf V&a\f’ﬁngghofﬁs?]ec% to, a

rence. own | e recor ead

ta and that hav
l‘F’a CE G B S ioREa B ® RS e FPBuErPVIAY ik ding
enta (PM . and photo cyan (PC) .inks, in additionto
C%% ?uﬁ%ﬁﬂl?WePPBMW?%é heaefdifa ﬁﬂ%ﬁrgéygnt?%DCQEaﬁnd
bl ack (B) inks. The symmetrical arrangenment of the
repyedugiblt regéonf oanedj 2 ctdivy thesodidiher bavinel vrldnges
in FIG 18 is simlar to that shown in FIG 17. O
cehor Sespridducibpessédien ¢an agdidaranabl yutset aa Hiaito speed.
gray (PG ink. Accordingly, by wuse of the inks having

the | ower el on gt 95es, diA@rdmoriaexg9ak 8EAE Ak ] CathRer
carried out while further enlarging the color

héaﬁﬁ’r b8 EEYl ?fupﬁ?%ae 11f (A [Egj Al RS '&{h(e%rence.

I Npressi on recorde e on
As éﬁé%éuin %pr gs dhe recording head 14 may use yellow,

magenta and cyan inks that have lower color tones, namely,
photo yellow (PY), photo magenta (PM) and photo cyan (PC) inks,
in addition to the normal yellow (Y), magenta (M), cyan (C)
and black (B} inks. The symmetrical arrangement of the rows
of nozzles for ejecting the different color inks in FIG. 18 is
similar to that shown in FIG. 17. Of course, it is possible
to additicnally use a photo gray (PG) ink. Accordingly, by
use of the inks having the lower color tones, the two-way
recording can be carried out while further enlarging the color
reproducible region, and the granular impression (or rough
impression) of the recorded image on the paper 3 can be
suppressed.

Next, a description will be given of an embodiment

of the image processing apparatus (data processing apparatus)
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Next, a description wll be given of an enbodi nent 25
of the imge processing apparatus (data processing
apparatus) -49 according to the present invention
whi ch includes the enbodinent of the printer driver
91 according to the present invention in the host
unit 90 which transfers thad-mage data (print data)
to the enbodi ment of the inage form ng apparatus 5
ageebdEnfgta d-hehrgreseninyenehen oichh arICEgeieﬁ hehe
ink-jet recording apparatus, so as to record (or
efbodiméme omdde pyintae dnkvgetSt ecmedidiggappatd usresent
(or image form ng apparatus), by referring to FIG

idfenfién P dhe aockunghienad ek trdinagean £8& image data
explaining a structure of this enbodi nent of the 1

int e [ ' t ot Nk | t
P e Sl e R0 8 78, BRESETEoHIA] Sithratus
according tq.the resent inventiqn. The printer. .
AP P TS LD ENE RO C LI Yo 00 Giirc MdEs T oparbe. 13E-jet
t hrough 137 shown in FIG 19, and processes image 15
PR D ARRAFASUEPUEC| RARGES RPIBACTTRETEY| Bre image by
managenment nodul e (CMM processing part 131 transforns
thaelnhyrt decarddog aspparaius f famimageppbivéng ompparatus),
software or the Iike froma color space for the

byponefartitg dicspligy 1t o BICOl 19 ispac€uhotidhe®]l block
recordi ng apparatus, to nmake a transformation from an

dRBraf £ TR hil g Sy STl fCMKiSOLAKOEBREME of the
system The black Qeneration/under col or renoval

P ELHER M s 0Ll 102 oBLLSB-UnBHLISE i cnss
eé%@éiﬁgn‘lofTQ%eyiﬁgééeﬁ%&é@éé?ﬁé 5§%§r8%££i§§cé%ﬁing to the
present invention.

| The printer driver 91 of the host unit 90 includes
parts 131 through 137 shown in FIG. 18, and processes image
data 130 into butput image data 137. The color management
module (CMM) processing part 131 transforms the image data 130
obtained from an application software or the like from a color
space for the monitoring display into a color space for the
recording apparatus, to make a transformation from an RGB
colorimetric system into a CMY colorimetric system. The black
generation/under color removal (BG/UCR) processing part 132
carries out a black generation and an under color removal
based on the CMY value. The y-correction part 133 carries out

an input and output correction which refiects the

characteristics of the recording apparatus and the preferences
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an input and output correction which reflects the 25
characteristics of the recordi ng apparatus and the
preferences -50 of the user. The quantity restricting
part 134 restricts the total quantity of data. A
hal ft one processing part 135 includes a dither matrix
and repl aces the image datapby a dot pattern
arrangement that is to be output and recorded by the 5
of eEbf diFRF apPRCafiidnNtThE FosterGizingg PpaEt 1386Tabtrielss the
(or segnents) the dot pattern data into data for
teval yaspdnityard ddéwel opshahEtatat proependnggpant t hed
positions of each of the nozzles that are to eject
ihBBudéek andlvmekembBeix eand didlglacds tOut Prbgef ddbe by a dot
rasterizing part 136 is supplied to the inE-jet 10

pAEEOFAl NG ARRALALUSHEE igetd; YR et %ga r&Eo£OYESS the

a portion or all of the functions 0 printer

Lver 91 pr oyi de ithin the ink:Let recordi
EoHEIng PR ErE | e ot iR B hopab st hEER o8k
enbodi nent of the i nmage form ng apparatus according to
SERESTUE PESERt PRVERER ofF Tiyi 06 POAREOBySFRBY| By and
the functions of the halftone processing part 135
develers tihe idakaj deperdirdi oy theppasatiens i ahgeadhraf rge
apparatus). Next, a description will be given of a
nétonleoftHdte arembageepeoc estsd nplofantheake i therretdd@ingl An
in the host unit 90, 20 up to the hal ftone process,

obyptef e iHhag rbetEL{zirk®. pdtG1320 1isS SQ?FY:%@H%@' 9K ink-jet

diagram for explaining in detail the ow of the

~APRRRT REREACN A IUA, Ly e s v o1 Wnen o

Of course, a portion or all of the functions of the
printer driver 91 may be provided within the ink-jet recording
apparatus, that is, the image forming apparatus. The
embodiment of the image forming apparatus according to the
present invention may be formed by providing the functions of
the halftone processing part 135 within the ink-jet recording
apparatus (image forming apparatus).

Next, a description will be given of a flow of the
image processing of the printer driver 91 in the host unit 90,
up to the halftone process, by referring to FIG. 20. FIG. 20
is a system block diagram for explaining in detail the flow of
the image processing within the printer driver 91.

When a “print” instruction is issued from an

application software that operates in the data processing

apparatus such as the personal computer, an object judging
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application software that operates in the data
processing 25 apparatus such as the persona
conmputer, an object judging | -51 part 201 of the
printer driver 91 judges the kind of object wth
respect to an input 200, and the data are processed
through correspondi ng routéd-f or each judged object.

In other words, based on the kind of object j.udged by
PERE 6B} 2t g &H&Pﬁ&rpﬁ6&8§§ oF Judlgeshtbet k }Béng object
part 201, character inage data herelnafter referred

Wtiéhasewtacttoelandémptza 0, ndhdharslgéadare processed
(hereinafter referred to as line data) 203, graphic
thirageh dadma (dpeneiinaf tentesf Bsr eshdho jasiggdaphijectat ajn other
204 and picture inmage data (hereinafter referred to as

whPB8e BHds&ialn) tA@Skah8 BEO jﬂ&@éﬁgﬁytﬁﬁe object
correspondlng routes descri her éunder. More

388%.1141%%&! ks %fC‘Eh%roBié&étiu}(}ﬂ;rﬁ? gacf%@ ar&h&%aé’*yér

USti'ng process

character data.20 the Line ta 203 and ra
1ag% S R ABGE T e ERT IS D ERs EP o »ad%a Bl S0z,
process, quantity restricting process,

1?3@0P$%Qﬁ|Q§¥apﬁ8@é§énéﬁﬁeﬁ ehETedeto éﬁthéﬁep@@E@b5203
(hal ftone process) are respectively carried out by a

geabic maiagdd dgtpanhe28ina bt BGtdfRpedcessapagragihc data)
quantity restricting part 211, a y-correction part 213

2andard 3 haeasinagedibber tpémlefait(ehakéfeﬁge@r 066588 )image
part 215, with respect to the character data 202. In

t , t S
dgggjt 22% ard ggggtélstsga ehiBsPaHe 208re8pBRALCR PLOGES

described hereunder.

More particularly, a color adjusting part 206
carries out a coior adjusting process with respect to the
character data 202, the line data 203 and the graphic data 204.
A color matching process, a BG/UCR process, a quantity
restricting process, a y—correction process and a character
dither process (halftone process) are respectively carried out
by a color matching part 207, a BG/UCR process part 209, a
quantity restricting part 211, a y-correction part 213 and a
character dither process (halftone process) part 215, with

respect to the character data 202. 1In addition, a color

matching part 208, a BG/UCR process part 210, a quantity

restricting part 212, a y-correction part 214 and a graphic
dither process (halftone process) part 216 respectively carry

out a color matching process, a BG/UCR process, a quantity
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restricting part 212, a y-correction part 214 and a
graphic dither process (hal ftone process) part 216
respectively carry 25 out a col or matchi ng process, a
B& UCR process, a quantity -52 restricting process, a
y-correction process and a graphic dither process
(hal ftone process) with regpect to the line data 203
and the graphic data 204. On the other hand, a col or

¢St oty ren $TeSRpFes8i BTCOBra S Ioni e@@cFﬁagam@ pa¥rapiprc
carries out a color judging and conpression technique

di ticksy g quesceghaliftbne egspemdss)owtilie reapget dad atl20S ine
Normal |y, a col or adjusting process and a col or

A58 U NGRY @GeS§rapRicadit£Poaut by a col or adjusting
part 222 and a color matching part 223, and a GB/ UCR

process, H) @pQuanhbiynifs!rd di18¢ E&&%ﬁ % @bmpress1on

y correction process are respectlv Iy ca

ereafter rocess par nI
codiiia DG aaR D355 b SARES PRk ?oﬁ%%ﬂf‘u‘i'%g e
then an error _diffusion process (hal ftone process)
cerp e Ed cBut-eppaAuer VRIS MISCERSpFoERSECTRRFT tfcfh&he
process) 15 part 227. In addition, in the case of the
imapordiiteg 208i. ngNbwwaltpl ox @ edgushing npgecess and a
decimating (or thinning) process, a color adjusting

cPLOE &R cithgapedbess Nat€ hiayg ipidooassb33acelor addjusting
i ndexl ess (or no-index) process (process that does not

&f%erZNthaaC%BQBrnﬁ£€£%IKqFﬁé%%EQQB 2888 ArEB/UCR process,
respectlve y 20 carried out by an image deci mating (or

2 QNN BAL 231003 SOLE A UoL g, PEE; 232 AN, are

or an rocess part

2 he BG UCR pr h [
reégg%tffe Y ggrrle gggst egeg%e%uagt tyBG/UCR process part

224, a quantity restricting part 225 and a y-correction part
226, and then an error diffusion process {(halftone process) is
carried out by an error diffusion process (halftone process)
part 227. In addition, in the case of the recording using two
colors or less, an image decimating {or thinning) process, a
color adjusting process and a color matching process 233a or
an indexless (or no-index) process (process that does not
carry out a color matching process) 233b are respectively
carried out by an image decimating (or thinning) part 231, a
color adjusting part 232 and a color matching part 233a or an
indexless process éart 233b, the BG/UCR process, the quantity
restricting process and the y-correction process are
respectively carried out thereafter by the BG/UCR process part

224, the quantity restricting part 225 and the y-correction
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restricting process and the y-correction process are
respectively carried out thereafter by the BG UCR
process part 25 224, the quantity restricting part
225 and the y-correction -53 part 226, and then the
error diffusion process (halftone process) is carried
out by the error diffusionsprocess (halftone process)
part 227. In the case of the |ine data 203 and the .
paptagiditc aBddbhan20de enwomBddssippyPheranth (rldiorep
process of an ROP process part 241 prior to reaching
pidtesz)| ds adpnitdnouprimcasse eafrorhdifbhsioradpurstdasy
part 206, and then continue to the color nmatching

(I 10eR%% PlrobBSsFObOFL MBI Nng part 232. The inmage data
that are processed for each of the 10 objects are

finally cqabipedobackof o.nde okl 6hea! 2hFBGR A& graiitc

hal ft one process carried out 1n the one proces
art, descri be_above corresponds to t enbodi nent. of
ot A0l oy BEQRETn e T o 681 APECE PO Aot RO
invention. _This enbodi nent of the inage processi ng
PRI PRE 134 hBF bRk &Y 28 By nd Bhenerlfasid 4 Hiridshergeess
matrix) that is used when the dither nmethod is
ofemileoyed ofrordfi het bad foarte 206epradehbean i opnkigwes to the
First, a description will be given of the

cEIY eitichial grbbess s kheAzodeschabelding gdwr DRPanese
Lai d- 20 Open Patent Application No.2004-166163

referred aghavemabBegsonvanid aral pPBEKss8d base i Fe the
i nclined 45-degree |line- group keytone, and has a
ogyégy%a%§efEh£§£l§h§5ﬂ%5§ki%%E% PX the original image data.

The halftone process carried out in the halftone
process part describe above corresponds to the embodiment of
the image processing method according to the present invention.
This embodiment of the image processing methoed is
characterized by a dither mask (threshold matrix) that is used
when the dither method is employed for the halftone
representation means.

First, a description will be given of the
conventicnal dither mask. As described in the Japanese Laid-
Open Patent Application No.2004-166163 referred above, the
conventional mask is based on the inclined 45-degree line-
group keytone, and has a highpass filter characteristic by
taking into consideration the characteristics of the human

vision while maintaining the keytone continuity in all

gradation levels.
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taking into consideration the characteristics of the
human vision while maintaining the keytone continuity
inall 25 gradation levels. i | -54 FIG 21 is a

di agram showi ng an exanple of a mninumunit pattern

of the inclined |ine-group keytone. A 45-degree

inclined |ine-group keytorg4dither mask will be

described by referring to a mask (unit mask) shown in

FIG 21 5E5%-wRAilchASt edk@GFBhSHIETappedraPe ehvety

5 dots for the 5 x 5 size. O course, the unit mask
mbmimiraveid paktdrgi¢d, the 3inclided 2énergrouhekewices. A
The gradation representation is nade by gradually
A5-add@riend nichenkayl ome-didiep devithpeudi thanskasiasyi Shasn

in (a) through (i) in FIG 22. FIG 22 is a diagram 10
dSHOM G e r@kafdal hent & ePresant@hl @NRa 8k) (eouICid 8%, 21

I ne- grodp keytone? In this particular case, 1t Is

.assuned .for.th ake of__convenienc hat-t he dot i
S R ke St i R B B D o TS o e 5 x

nanely, a large ink drop, a dium _ink drop and a
SsheAg- i e &Pl-}g.setnt %é‘“%cﬁ Inéﬂr/%?‘n&‘aéfegéif?p?i M 4543 2 3 ¥

dot arrangenent that enphasi zes the keytone as shown
3igizq Dt ptbaghsiegs of Thesgragafiiph bepyesentaliqmn igs made

a "reference pattern”. In FIG 22, a reference
bypaitaiualAys iethening ajhddseytemel 0idet sf arthanged: alewky as
one diagonal line, a reference 20 pattern B shown in

sidn has @pdeHpbdeh s 2y ranged along ene. 22 is a diagram
showing the gradation representations of the inclined line-
group keytone. In this particular case, it is assumed for the
sake of convenience that the dot is formed by one of three
kinds of ink drop sizes, namely, a large ink drop, a medium
ink drop and a small ink drop. In the following description,
the dot arrangement that emphasizes the keytone as shown in
(a) through (i) of FIG. 22 will be referred to as a “reference
pattern”.

In FIG. 22, a reference pattern A shown in (a) has
small dots arranged along one diagonal line, a reference
pattern B shown in (b} has medium dots arranged along one
diagonal line, a reference pattern C shown in (c) has small
dots arranged on the right and left of the reference pattern B.
In addition, in FIG. 22, a reference pattern D shown in (d)
has small dots arranged in all blank portions of the reference

pattern C, a reference pattern E shown in {(e) has medium dots
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di agonal line, a reference pattern C shown in (c) has
small dots arranged on the right and left of the
reference pattern B. In addition, in FIG 22, a
reference pattern D shown in (d) has snmall dots
arranged in all blank portions of the reference 25
pattern C, a reference patt®#n E shown in (e) has
medi um dots -55 arranged on the right _and left of the
aypgngeshea phet s1ahb, andleld odf éhéné%f%%rfféﬁ P tSIewWy, and
in (f) has large dots in place of the nediumdots
atiwter@mnecaprihgen Bl simym Her difagbaal large @&fts tite place of
reference pattern E. Furthernore, in FIG 22, a
themiEnee dbtpathet nafe showmged GUpndasheedi amorekdt S ine of
pl ace of all of the small dots of the reference

t tr.te%rege’ﬁce phetergnee pﬁlﬂt%%&rnb'reShﬂx‘i\mFI@ (dn, rlsa%eference
ar ge ts arranged on the right and left of the

f th f f
psi e ¥ PPebbtt (ST RARRE LEER o SV (6 R ene
portions. 10 The ny nber of radatlon | evel s that can

sl dgbse9intBe B ??@%)P CaRft e kEOFe R PATRSED B

of asimlar size is Iimted. For exanple, in order
shayry dipr dbénhagbbarge adrfis Grreagersopythe bﬂﬁﬂy argl deft of
(with or without dots), it 1is necessary to use at

thedsirge odesk efzthefrdferert® phhterne®, 14nd o repreasece
256 gradation | evels by a quaternary value (wthout

p&eterrs Malshotat inMgd) URLEOl aagdl deiPadeinged tatl 211 portions.
necessary to use at |least a mask size of 8 x 8. For

this reasqge BE{EbQEa?f‘t ARHCIEPLALT PRt Scaidial |y

made by di'stributive etermning the dot 20
r?#%%%nﬁngyugthS XSQ um_5c tmlglrs h0| d 1}1/1%[.’9 9 ma]g, of %o%nmllar
size is limited. For example, in order to represent 256
gradation levels by a binary value (with or without dots}, it
is necessary to use at least a mask size of 16 x 16. 1In order
to represent 256 gradation levels by a quaternaxry value
{(without dot, small doﬁ, medium dot and large dot), it is
necessary. to use at least a mask size of 8 x 8.

For this reason, the gradation representation is
actually made by distributively determining the dot
arrangement using a 5n x 5 threshold value mask shown in FIG.
23 that is obtained by spreading the 5 x 5 unit mask which is
used as the minimum unit, where n is an arbitrary integer.
FIG. 23 is a diagram for explaining an example of the dither

mask size, and FIG. 24 is a diagram showing an example of the

conventional dither matrix (threshold value matrix). FIG. 24
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23 that is obtained by spreading the 5 x 5 unit mask
which is wused as the mninmumunit, where n is an
arbitrary integer. FIG 23 is a diagramfor
expl ai ni ng an exanple of the dither mask size, and
FIG 24 is a diagramshow ng an exanple of the 25
conventional dither matrix56threshold value matrix).
FIG 24 -56 shows the dot generating order for a 15

3

X
sheyg)j thee dafa gRNEEARING | @rdery for @a&g #heyp edithen mask, that

Actual Iy, however, an even large mask size is used in
igy dBrr tao camepwbsset hem tdxt Wk uald vy hbowager ofan leven large

dither nmask (or matrix) shown in 5 FIG 24, the
mAkSWtone pgat beed s dhdegriadahippresevehet battise. nost

enphasi zed, of all of the gradation |evels that can be

represent ed, Byet BEsk Nkr] @le IBGHA REsRPRSE dhdier 8f) tdHSm in
enbodi ment. For the halftone gradation levels, the
[

<21 e KRYElnk SRR LR Yoret e 1

T ncredsi ng ey I ne.

case of the reference tterns and B, shown in (a)

mefd PG PG 052?]?4‘ d?fae‘a%ﬂrééattﬁenk%w%& thedt 1@ be
i's enphasized by preferentially arrangi ng the smal

repiesaidiadnbdotbeatnkhiety e gi APPRAREND oRE thildies
within the 5 x 5 mnimumunit mask. In the case of

el inefrar.enFerpahe enanl fitfore radation(tevels Flthe 2Badation
the keytone line that is already fornmed by the nmedi um

1685 i rdpredentsd By egiRNiONS patkesBihg tHatdanedbythe
preferentially arranging the snmall dots on both sides

k%tré‘ﬁ Kyt ongyl Lpe. Jhe csﬂptalearr%f@&éﬂe&egaé&é%sg@l ¥ind B

( e ot her re_erence patterns to represent
sﬁév%‘!?eirn 2(%)921%861&%9%% elyﬂ.s'ZZ, for example, the keytone

pattern is emphasized by preferentially arranging the small
and medium dots at the 45-degree inclined positions within the
5 x 5 minimum unit mask. In the case of the reference pattern
C shown in (c) of FIG. 22, the keytone line that is already
formed by the medium dots is fixed, and the keytone pattern is
fattened by preferentially arranging the small dots on both
sides of the keytone line. The dots are arranged similarly
for the other reference patterns to represent the higher
gradation levels.

When making the gradation representation, it is
necessary to determine the dot arrangement order to
interpolate (or compensate) between the reference patterns.

In making this determination, measures are taken so that the

dot arrangement has a highpass filter characteristic which
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When maki ng the gradation representation, it is
necessary to determ ne the dot arrangenent order to
i nterpol ate (or conpensate) between the reference
patterns. In making this determ nation, nmeasures are
taken so that the 25 dot arrangenent has a hi ghpass
filter characteristic whiett7-57 takes into
consi deration the characteristic of the human vi sion
tekae) TRHoWwPNSideral 198 the chatrGterd s ggPLntaf oy
the characteristic of the human vision. In FIG 25,
vigeon of WRatshovwndiipal €s- t A2 | UMBGoSt \si A didgTamrghowing
units, and the 5 abscissa indicates the spatia
the eg@reytemisarili bfatye uminhsn viHiGn. 26A BEDE. 288, the
respectively are diagrans for explaining dot

o R8I RReE it atkshahtt DRG] Gb< 10 dreNek8ry et WeeN and the
patterns havi ng enphasi zed inclined |ine-group

B L e T A R e
f B ' b),.of .FIG 22.to th
o1 acat | on 10! PR BUcAPRG BRI Verndt BF B thh gatTe fPr
C shown in_ (c) of FIG 22. FIG_. 26A shows the dot
PRIV S0t RETRBEFTORES P diliidPreegERdaREn t lrvels

change is nmade fromthe reference pattern B to the
begfesreat e npatiearingCenphdsazddt ipatirrdy hima-grceap keytone,
hi ghpass characteristic shown in FIG 26B is obtained

fohen ddre kalrenehki gesdat ton reledhbngss t heoflothe
pattern shown in FIG 26A. FIG 27 is a diagram

g SA9NE 16h A& Gfadabheasptd ey QR aitedeHst NGatherglig @‘{own

mask descri bed above, that s, by 20 the conventiona
;n9r8¥P'$é'?%Ghe%EOES-the gradation level represented by the
reference pattern C shown in (c) of FIG. 22. FIG. 26A shows
the dot pattern for the halftone gradation level when the
change is made from the reference pattern B to the reference
pattern C, and a dot pattern having a highpass characteristic
shown in FIG. 26B is obtainéd when the keytone lines are
removed from the dot pattern shown in FIG. 26A.

FIG. 27 is a diagram showing a gradation pattern
obtained using the dither mask described above, that is, by
the conventional group-line keytone.

The continuity of the inclined line-group keytone
is maintained for all gradation levels of the dither pattern
described above, thereby making the banding and the like

inconspicucus. Therefore, by using the dither mask that is

formed by the patterns (reference patterns) having the
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The continuity of the inclined |line-group keytone is
mai ntai ned for all gradation |levels of the dither
pattern described above, thereby making the bandi ng
and the like inconspicuous. Therefore, by using the
dither mask that is 25 formed by the patterns
(reference patterns) havingsthe -58 plurality of

di fferent gradation val ues dependi ng on the dot

PEOFD} Hat iddn difhsrerhro s tecsy fid2egSasdepprding | othddre dot
i ne-group keytone pattern, and the patterns that

comivingiicatse thiaé caefle ermegEtest as $beasnebimdd diime-group
| i near gradation values, 5 the continuity of the

kéyiodrien gthtitete;, gpadptke Watteirs thaicniatagso Btk tie
bandi ng and the |ike becone inconspicuous. However, a

rOF ORLEE QeEHESNWNES d1d16d WstiaY, il&ﬁé%%egf{mgétﬂﬁ? GdiRgd;,

above i s generated. In other words, e lmge IS

tforégﬁ%ﬂﬂﬁi%n SQVL%%rEggEiA%E ﬂn%h EQS tﬁg-%ﬁ%@ijgpact

error oceurs, e granular i mpresst on F ough

i pressi on) of the recorded, i nrage ,on the paper 3
m%ﬁ‘tpfcﬁﬂégew& &Bﬁgb?%%dt% ik thep LiKke BeFYRe | ingasRiGuous.
position relative to the target position, and it may
becone i nple¥eVBre 2oP¥riAn MEduEy vhen theetweoray impact
thereby deteriorate the picture quality of the 15
erseordietribageabéoe Bxayplexateden iTh dtieexdotoniht,t ehan the
shown in FIG 26A should be obtained ideally, the dot

iR tisOFceear iAByn Q6EWorhRhteYar Whothefnd iR -afky impact
shown in FIG 28, and the keytone may change to

oS e L SPIOE, EecRich (3T Wi o
the recorded image on the paper 3 becomes more conspicuous due
to the error in the dot position relative to the target
position, and it may become impossible to form the keytone
line, to thereby deteriorate the picture quality of the
recorded image.

For example, even if the dot pattern shown in FIG.
26A should be obtained ideally, the dot position error may
occur for every other line as shown in FIG. 28, and the
keytone may change to another type of keytone. FIG. 28 is a
diagram for explaining the dot arrangement for a case where a
two-way impact error occurs even though the dot arrangement
shown in FIG. 26A should ideally be obtained. ¥FIG. 28 is a
diagram for explaining the dot arrangement for the case where

the two-way impact error occurs even though the dot

arrangement shown in FIG. 26A should ideally be obtained.
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two-way inpact error occurs even though the dot
arrangenent shown in FIG 26A should ideally be
obtained. FIG 28 is a diagramfor explaining the dot
arrangenent for the case where the two-way inpact
error occurs even though the dot 25 arrangenent shown
in FIG 26A shoul d ideall y5lge obtained. -59 Wen

di fferent keytones coexist, it no |onger becones

WheRr Fhfleerany deviPRPR FRRXEdM idfuindy lengeRebregronossible
FIG 28 shows a case where an error of 1 dot (1-dot

tghndintaim tihe cophinaitly of ridot ikmytooeur sSFEGr 28 eshows a
other line for the forward path of 5 the recording

chisadvlsars am erite rmaf nl séenini Ngict seaificoninf e rightward
exanple. It may be seen fromFIG 28 that another

akeyiong oMieh EBE%§@:§§ Sotiis aning rak Eﬁ¥t98ﬁug§?% }p‘aﬂh of

is generated. Hence, the inmage processing net

' i on. i.th k th .
cASPLER, KLBMCOLLEH 8Pyl AR Bllceion, o

recarding.in the forwar ath of the recording head
KT B8R, ReobtRr TWTLANS G ChebaPReOREE frotans

t hat generates a conspi cuous keytone at the stage when
whieh rdEgisgichg thet peldiadarkeysane phttaenribe oyetianpted.

head scan is made. A description wll now be given of

the dot aHesmwgenmehe dbage derodemsingembahbtion® the present

gradation level that interpolates between the

iR ienc @ seat belANshSh oM’k tHatGeoddl et MG kORI at a
the dot arrangenent order is determ ned by the 'entire

e e R N L
hég&né%g% qgsﬁgdg?pfgcgggéfn%gIy%r%§aggto£ ﬁgf%tone process
that generates a conspicuous keytone at the stage when the
recording in the forward path of the recording head scan is
made. A description will now be given of the dot arrangement
order for the halftone gradation level that interpolates
between the reference patterns shown in FIG. 22.
Conventionally, the dot arrangement order is
determined by the entire mask as shown in FIG. 24. On the
other hand, in the present invention, the dither mask is
divided into divided masks depending on the state of the
impact error, and the dot arrangement order is determined for
each divided mask. Hence, when the two-way impact error
occurs, the dither mask is divided into a divided mask of the

odd lines (recording in the forward path) and a divided mask

of the even lines (recording in the return path), and a
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.inmpact error, and the dot arrangenent order is
determ ned for each divided nmask. Hence, when the
two-way inpact error occurs, the dither mask is
divided into a divided mask of the odd |ines
(recording in the forward path) and a divided mask 25
of the, even lines (recordcfg in the return path), and
a -60 conblned di t her mask of the two divided masks is

cerRired EHtheraRBrE, oF Fih&tasd drieanBagks nkt g x
(threshold value matrix) shown in FIG 24, the dither
mask i s dor ggdmbheo i dilg dwbaredk tbﬁodiﬂah@r peettrix
mask) MO of the odd 5 lines (recording in the forward

{(tfatdphaind va ldevindedixasshdwretior IFIGat B4 paskg dMEhefr thesk is
even lines (recording in the return path) shown in
ﬂﬁeaﬁ%m@ﬂ@ ai¢oabh nedidi thawaraskaMe k) M 10 the odd

divid masks MO and ME is used. FIG 29 is a diagram

LB L il BT AR LLDEERNg! ool U Bl oy O

used esen I nvent 1 on er ol§

arran that .the dots are first
G B ﬁl@sgﬁ&’# it SRS LoPRar FESpaRdit hahe
recordi ng head scan, and after conpleting the

rRE MEEN) | BBOHR ol Bt G @NOh ar 6sBltRed Hlittliey mask MC
recording in 15 the forward path, the dot

off rithey pgoilcadionded wasks 0 aud ME tibeusedcoriithg 49 itshe
return path of the recording head scan to interpolate

diegirame sHohe ngotBe f @ iRg: Batihia reaeedhdd ivalRe matrix)
forward path. In FIG 29, the forward path mask MO is

udsdd @hef ?EEB&H@ Padrief the dots for the
gradation levels "0" to 20 "9", and the return path

mask ME '%nu8%9e£ wéfﬁs tﬁ? Qﬁ}t% Qangement order is such

that the dots are first formed by the recording in the forward
path of the recording head scan, and after completing the
inclined line-group keytone with respect to this recording in
the forward path, the dot interpolation is carried out by the
recording in the return path of the recording head scan to
interpolate between the dots formed by the recording in the
forward path. In FIG. 29, the forward path mask MO is used to
form the pattern of the dots for the gradation levels “0” to
“9”, and the return path mask ME is used to form the pattern
of the dots for the gradation levels “107 to “19~”.

When forming the image, after one keytone line is
formed, the already formed keytone line is gradually fattened
as described in the Japanese Laid-Open Patent Application

No.2004-166163, to represent higher gradation levels. Hence,
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of the dots for the gradation levels "10" to "19".

When form ng the inage, after one keytone line is

formed, the already fornmed keytone line is gradually
fattened as described in the Japanese Lai d- Open

Pat ent Application 25 No.2004-166163, to represent

hi gher gradation |evels. H@iee, -61 when the change is
made fromthe reference pattern B shown in (b) of
wherg the ghangge Isemapenéeopatherrricrgen patteynok sham in
22, for exanple, all of the already conplete keytone

(b} ne§ BI®. 22cor dbd fefebende tirttreegoCdishgwi int ke) of FIG.
forward and return 5 paths of the recordi ng head scan

285 Eodi eaimgd d)y abhack sHYasEScadERIRpaBLENGeBENd0t Snes are
in FIG 30, and only the dots on the keytone |ines

rbBatags g,fa;yf] i, RRACESSoR ilg(%idﬂ? R rf%s‘!wa}gg %{ﬁfﬁéeﬁﬁdn

separ at t he forwar eturn pat

recor dj head scan i ndicated h uares, Wt
pREEEFhoh Hhes Blfa Fand Hetats ThAHEEESEY pleck symares
is a diagramfor, explaining the dot pattern when the
FEREFTR T N TadE APEm tRef1Fef 2t e pRIVeFReBlebS toR the
reference pattern C shown in FIG 22. \Wen three kinds
keytoee kinass thes ssedibythsimepdess mfebekhadEouhed nkre
drop sizes, nanely, the large ink drop, the nedium
réokrded segrtateé ysfat | thakfstveiy,d ands ageurat@afios of the
recorded rate) of the dots for each of the gradation

rb8YEH fng NRENTREAAS 28 NOMB ddtdd By JtualkS wBih i Bafching

diagram for explaining the usage rate (or recorded

réBtEdenl 1 RATRABb: Oty 2@l | 30r 2486 080! £Yh Saf Bhrddor
explaining the dot pattern when the change is made from the
reference pattern B to the reference pattern C shown in FIG.
22.

When three kinds of dot sizes are used by using
three kinds of ink drop sizes, namely, the large ink drop, the
medium ink drop and the small ink drop, a usage rate (or
recorded rate) of the dots for each of the gradation levels
becomes as shown in FIG. 31. FIG. 31 is a diagram for
explaining the usage rate (or recorded rate) of each dot for
all gradation levels for the case where three kinds of dot
sizes are used. In FIG. 31, the ordinate indicates the dot
recorded rate (%), and the abscissa indicates the gradation
value (reference pattern symbol). In addition, in FIG. 31,

the reference pattern symbols A through I corresponding to the

reference patterns A through I shown in (a) through (i) of FIG.
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sizes are used. In FIG 31, the ordinate indicates the

dot recorded rate (%, and the abscissa indicates the
gradation value (reference pattern synbol). In
addition, in FIG 31, the reference pattern synbols A
through | corresponding to the 25 reference patterns A
through I shown in (a) thraegh (i) of FIG -62 22.
Furthernore, a solid_line indicates the dot recorded

22 ot eFUFEheFres nRl FOodbsl iRpatndiGatedr 6p§) doh @BEPEed rate
line indicates the dot recorded rate for the medi um

fdot sh¢ neiumdatle dewps}), inhndreponeaddiotthdi hihengndicates
i ndicates the dot recorded rate for 5 the |arge dots

théadge tedorieapshteFEGr BRe imedimh agram(hediaxpiak ndrsps),
in nore detail the usage rate (or recorded rate) of

aRach St édﬂ'dﬁﬁgh'gﬂﬁe iﬁéﬁ%é&é&‘%ﬂé H%Et§é80£8ﬁ&hféte for
reference pattern C In FIG

dié%g§5d6¥¥ éggatggkd§£ % corded rate (%9, 10 and

cissa in test radatlon val ue (reference

pattern synbol )... Further id line.indicates the

dot recoridét bgtésfﬁrgfﬁ%r ¢r 2BiRe| LppRore detail

drops) during recording in the forward path, a dotted
the nesagrli kdted orhsegerded eearele @ fr s86hf @pt( For seettions

dots (small ink drops) during the 15 recording in the
frah v rolgatih pasdtens- dot thharefdriaree pditatesC iherIdt 27.

recorded rate for the nediumdots (nmediumink drops)

Iduriog 3d)e thecordingté niddicdtdvand pathredbedéd rate (%),
two-dot chain line indicates the dot recorded rate

S USRI Sl en OB DSl 08e  E Tbince
pcall:é%rrlszsyn%r rl‘?SpoBu.%tltié)r,t he solid line indicates the dot
recorded rate for the small dots (small ink drops) during
recording in the forward path, a dotted line indicates the dot
recorded rate for the small dots (small ink drops) during the
recording in the return path, a one-dot chain line indicates
the dot recorded rate for the medium dots (medium ink drops)
during the recording in the forward path, and a two-dot chain
line indicates the dot recorded rate for the medium dots
(medium ink drops) during the recording in the return path.

A section S1 shown in FIG. 32 corresponds to the
gradation levels from the blank pattern to the reference
pattern A shown in FIG. 31. A gradation level Ga shown in FIG.
32 is located at the midpoint of the blank pattern and the

reference pattern A. In this case, the dot recorded rate of

the small dots recorded during the recording in the forward
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gradation levels fromthe blank pattern to the
reference pattern A shown in FIG 31. A gradation
|l evel Ga shown in FIG 32 is |located at the m dpoint
of the blank pattern and the reference pattern A In
this case, the dot recorded rate of 25 the small dots
recorded during the recordggg in the forward -63 path
reaches 10% This means that only the a forward path
paidh tierrhsts (188 - r eTlot & ieeaatiheytn oORLYc bR 3 phrivar! (Rth
the forward path, is conpleted. Thereafter, the small
polot Sorareef  thec aefledevice | prg tdm Poc codiragpdmdimg tethlren
path in a section 5 fromthe gradation level Ga to the
F&FRetad i H, evel cmpd@ted he THRfIreBee pHEtERAN A dfs are
conpl eted at the gradation |level A A section S2 shown

rddbFddy i i00r LASPPOAS- A ih HadatLP boUE! M 1 Yhotion
e reference€ pattern Ato the reference " pattern B
sho in FIG .31..A atjon.l evel . sho. i I
£5 he Srseritd MV Theahanin SPoEhaSPelerehd Gnd the
pattern A and the reference pattern B. In this case,
refRrente MEtSFFBIAdhE COMLTIRI StalthedgT3daet R diyel A-
during the recording in the forward path changes from
10% to 0%A sedtibe P2cereen dotFiGt 82oforhespomds uim the
dots recorded during the recording in the forward path

gi&dehaig Qe vl enE0dmt thd 06 fdtiarsie, phheesnuh | taolotlse areeference
repl aced by the mediumdots during the recording in

patEefetBIrdhRR An FiBereaften, ghgdsrBdd KGkS &L shown in FIG.
replaced by the nedi um dots gurlng the recording in

S LRI D BSOS 100 Lo PEOI LA Y
t g t gee enre%cies p%%ggl:gt gd afn ttr}%_sgrcaads%t,i gﬂel ggte | rg’c':orded date
of the small dots recorded during the recording in the forward
path changes from 10% to 0%, and the recorded dot rate of the
medium dots recorded during the recording in the forward path
changes from 0% to 10%. First, the small dots are replaced by
the medium dots during the recording in the return path.
Thereafter, he small dots aré replaced by the medium dots
during the recording in the return path in a section from the
gradation level Gb to the gradation level B, and the reference
pattern B is completed at the gradation level B.

A section S3 shown in FIG. 32 corresponds to the
gradation levels from the reference pattern B to the reference
pattern C shown in FIG. 31. A gradation level Gc shown in FIG.
32 is located at the midpoint of the reference pattern B and

the reference pattern C. In this case, the keytone lines that
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A section S3 shown in FIG 32 corresponds to the
gradation levels fromthe reference pattern B to the
reference pattern C shown in FIG 31. A gradation

|l evel Gc shown in FIG 32 is |located at the m dpoint
of the reference pattern B and 25 the reference
pattern C. In this case, tied-keytone |ines that -64

are_already conpl etied are,fixed for,.all gradation .
2Pl EE R T BB SrecELErd Tt A n gratatann pgveke in

recording in both the forward and return paths. Then,
thaesaetion ot @84 aater6Fordpd dWHINg dbes reeesdied bh both

bot h sides of the keytone Iines 5 reaches 20% duri ng

tbal yoriwerd egor dietigrinnpéhles{ orTeard pgaehdot Theceafié@rdate of
the smal|l dots are recorded during the recording in

th8eshel UrdvtRatlcordadsent berh fanmd e gradatiosnt eVahes
Gc to the gradation level C and the reference

rPALLES TR &3 icﬁlriﬁgen’ﬁ#@?egh@_t rélt@mg{r%d%i Phe! YR #lél%r%.

The dot arrange hat interp es between eac

he referenge patterns,is_fornmed sjml.arly thereafter,.
et B ot PRatEonial &t 2t KER e FHsL g HGEe afeeording
.conpleted prior . to reaching the reference pattern
TRUFr AR T 86Pd AR FEPBPR fHel toendFadahior eteyel Ge to

pat hs, and selectively recording in the 15 forward or
thetgradayfzion develf 6r and o2 srafeaengeepabtéon ewl sy

added to increase the gradation value (or dots that
canelétedat theogdedabijom laraerc.i nk dot). According to

the dither nmask used in the present invention, the

dots are reroudedapRhgaHEh N HAte inReehEl Bfet NhedfedNCach

forward path until the keytone line recorded in the
of the reference patterns is formed similarly thereafter, by
recording the completed keytone lines that are completed prior
to reaching the reference pattern during the recording in both
the forward and return paths, and selectively recording in the
forward or return path only for the dots that are to be newly
added to increase the gradation value (or dots that are to be
recorded by a larger ink dot).

According to the dither mask used in the present
invention, the dots are recorded only during the recording in
the forward path until the keytone line recorded in the
forward path is completed. For this reason, no two-way impact
error is generéted. In other words, it is possible to record
the keytone lines of every other line at ideal positions. In

addition, since the keytone line is recorded during the

recording in the forward path at an early stage where the
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forward path is conpleted. For this reason, no two-way
inpact error is generated. In other words, it is
possible to record the keytone lines of every other
line at ideal positions. In addition, since the
keytone line is recorded during the 25 recording in
the forward path at an earby-stage where the _65
dati on alue is | ow, ible to i ove t he
SHETH IR T 0P R IREyt bhets IFPBIRLE: b, LORECTor £4 hat
are recorded during the recording in the return pat h,
comEM iy chetheckede@n®at 5 positions deviated fromthe
target positions due to the two- way inpact error, are
arranged so asdfibient etlpeldatss tthat heytneeordmésdmﬂing the
every other |line after the keytone lines recorded by
réd®rdeOnal Rei Rethen o war d«tﬁaﬂuhma? Be&deted Ftor
this reason, the positional error o the dots recorded
a%@ltgﬂy@ewstéscﬂ&h Nhd e leer BHUERI B Nale e two-
relatively 1nconspicuous r's so ef ective Trom
Wthe Qi nt of ¥|eM/ of tn MRS % desi gn, netPothhat
Pl R s SRR £ oRT T Nt 1371 e 5k yt FAESTR A Frh e
wor ds, _hy preferentlally allocating the 15 dots
k%ﬁ(ﬁ?"r?g ]{lﬁ@sr BEOPURPRY P4 M6 RAFET pal® KRYERe lines
two-way recordi ng head scan for the keytone |ine that
re¢cpided by theotessrdindaimgheofpsdard npatie et lsfted.
t he Japanese Laid- Open Patent Application
Fdvo . 12004 r266363, the pecomemglossirblreof othes uppre sseddieied
effects of the two-way inpact error to a m ni num 20
a@ithd @h@ 2BcbPageg hayYinik adthah KeYhHOBEcGRdY iFllidtively

even 1 n an
inconspicuous. This is also effective from the point of view

of the mask design method that maintains the continuity of the

_keytone.

In other words, by preferentially allocating the
dots during the recording in the forward path of the two-way
recording head scan for the keytone line that is in the
process of being formed, in the method of the Japanese Laid-
Open Patent Application No.2004-166163, it becomes possible to
suppress the effects of the two-way impact error to a minimum
and form an image having a high keytone continuity, even in an
environment in which the two-way impact error occurs.

When carrying out the halftone process based on the
inclined line-group keytone by maintaining‘the keytone

continuity, the previously formed keytone becomes dominant by

carrying out the halftone process in which the inclined line-
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envi ronnent in which the two-way inpact error occurs.

When carrying out the hal ftone process based on the
inclined |ine-group keytone by naintaining the keytone
continuity, the previously formed keytone becones

dom nant by 25 carrying out the hal ftone process in

which the inclined |ine -66&egroup keytone appears at

the stage where the recording in the forward path of
TEREP t iRy PEPSRIFNET el ade MoexgdEherspcor@ing in the
reason, even if the two-way inpact error occurs, it is
fpoeard|mnutp dinfphevéweheapi ceaomliggaheay byanedachade. For
the 5 deterioration of the forned keytone. According
thbst headdit,hevemmsk tRedtud-wdie ippesentrropvesties, ithes
threshol d values at the dot positions forned by the

pb&sOs A NG ijng&Beef ehves d-patd fi-8 1$abl I:@Ja@éiﬂ&dérgey

the threshold values at the dot poSitions forne

d%{@}{f%ﬁﬁ_kﬁ flghgnfg¥ﬁéé M path, in the section

rom gradation value radat’i on val ue of the
reference pattern) which e asi zes. the .incliped
Iine-grouﬁ“%@?%&ﬁ pat tee itiPeth MasknbiFRd: 1Bntlhf present
.specific dots, to the gradation value (gradation val ue
ipyertHen néde threshpte yatuss @t FhecHobnphattkens thurmed by
inclined Iine 15 group keytone pattern by the
tonxzaratdiog ah specférwaxibirmth Gersegadhttylative o the
possible to carry out a halftone process in which the

thigaidled viall 0esgh o UPh& e¥d 10 ARBBAES F8imed ShR0Uehe WRId ding
the recording in the forward direction is nmade, using

iR tHe RVl YaBhPl g Sid UGtd;@n %Qoﬁcfﬂédéfgﬂéfﬁon value

experinments conducted by the presen

{(gradation value of the reference pattern) which emphasizes
the inclined line-group keytone pattern by the combination of
specific dots, to the-gradation value (gradation value of the
next reference pattern) which emphasizes the inclined line-
group keytone pattern by the combination of specific dots.
Consequently, it is possible to carry out a halftone process
in which the inclined line-group keytone appears at a stage
where the recording in the forward direction is made, using a
relatively simple structure.

According to experiments conducted by the present
inventors, it was found that visually, it is possible to carry
out a halftone process in which the inclined line—group
keytone appears at a stage where the recording in the forward
path is made, by setting at least 70% of the threshold values

at the dot positions that are recorded during the recording in
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inventors, it was found that visually, it is possible
to carry out a halftone process in which the inclined
| ine-group keytone appears at a stage where the
recording in the forward path is made, by setting at

| east 70% of the threshold values 25 at the dot
positions that are recordeg7during the recording in
-67 the forward path smaller than the threshold val ues

the fapvaRd P3dsiadAsTt hhanaklke (ldudshod ddypingst pg the dot

recording in the return path. Although the effects of

- prhétpems itati mrentrieoprded derdes diichegcalrdiegwiinhthe return

respect to the two-way inpact error, the present
peBMention is also effective with respect to an inpact
error that is caused by the nounting accuracy or the

like of tAwe HREH %cgeagégty@f 413s ¢ % FaceZiln%énti%n are
ht "an e

arranged synnetrlca y to the eft for t

rig

tin h 10 wa ol.

BUEPEIG R, P rioeREE s MRl wibert apror. the
recordin the pres i nventjon is_effective not

PBﬁF9n?o% QR¥%QPp&§taiéPr%F SFtHS edpberefBerhetfuph impact
scanning direction but also with respect to the sub
esganniRf dis eetised. bybEbe paewitcinamelopuracy ehethet hidke of
mask may be nade to maintain the keytone continuity

thy setdrdignd heatihtishohds vidhaleszad edeserrehgddabomectmiical 1y
each dot group that is recorded in the nmulti-path. In

tbhenenbgitrenty deser fbedtRbayarpddee off bNiRinadihyfhe two-
causes the conputer to execute the inmage processing

%g 35&%?“5f¥¥8¥€$c@9 to the present invention so as to
rm t he

Moreover, when employing the multi-path recording,
the present invention is effective not only for the impact
error with respect to the main scanning direction but also
with respect to the sub scanning direction. More particularly,
the dither mask may be made to maintain the keytone continuity
by setting the threshold values as described above for each
dot group that is recorded in the multi-path.

In the embodiment described above, the printer
driver causes the computer to execute the image processing
method according to the present invention so as to form the
image processing apparatus. However, the image forming
apparatus itself may be provided with a means for executing
the image processing method according to the present invention.

This application claims the benefit of a Japanese

Patent Application No.2004-344602 filed November 2%, 2004, in




i mage processing apparatus. However, the inmage form ng
apparatus itself may be provided with a neans for
executing the i mage processi ng nethod according to the
present invention. This application clains the

benefit of a Japanese 25 Patent Application

No. 2004- 344602 fil ed Noverd&s®- 29, 2004, in -68 the
Japanese Patent O fice, the disclasure of which
ther dBpane iR diad6idt O4 1 Eﬁ}er efRe etk Losrenef, whigh s hereby
present invention is not limted to these

ipAbopbretrrd bybrelfeaencgs vari ati ons and nodifications

5 may be nade wi t hout departing fromthe scope of the
present iRhwettsrgn thd0ptbs2it 2bnveaf iCnAliNSnd: Admitageto
processi ng nethod for processing imge data to be

tHéIs@ Uit Bierit 380 But O A 0eu 8 PRAF BitiSnsNahdl Rodi 8PP Shs
maki ng a two-way recording to forman i mage on a

c b far a n
o et A, ORGSR L
| sing: a halftone process that is based on an
lPﬁ%F{ﬁ@H l'i ne- group keytone and mai ntains keytone
continuity, 10 wherein the halftone process includes a

di ther process in
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which the inclined |ine-group keytone appears at a
stage where the recording in the forward path is
made. 2. The imge processing nmethod as clained in
claim 15 1, wherein the dither process uses a dither
mask that is fornmed by first patterns and second
patterns, the first patteess have a plurality of
different threshold values b conbi nati ons of dots
recogni zabl e as inclined Ipﬁélﬁﬁoup tone patterns,
and the second patterns interpol ate between the 20
first patterns to obtain |inear gradation val ues. 3.
The image processing nethod as claimed in claim 2,
wherei n the danhhémage osesSesisasy actiholeForbskotds ¢ Nimage
threshol d val ues at dot positions recorded during the

d2®a re&qréildme LR %Beaxﬁ omgg@ RAR R SppHRhud E&J?édﬁu rfs to

t hreshol d 7 val ues at dot p05|t|ons record |ng

r n_t urn in ac sectlon betme
‘%Ir%eb]t éj%%?gggﬁd tEr es"ﬁao‘f drec a%ue CPRECTT Yy image on
thre ol d value e hasi zes t he |ncI|ned | i ne-group

Fectumnb )5 %#Hrqqalﬂ Gn tGFVEpE PRt 38t & wpturn

and t he second threshold val ue is higher than the
Path Af a HCashby dan ol e 1aid egshradngebeade Gompyimsihg:
i ne-group keytone pattern by a conbination of
spechaf helfiotrse procEse ithayeiprbsesdiorg ametihediasd line-
claimed in claim 10 3, wherein at |east 70% of the

gdure gidneakH@Smat ntdith S ote Iet censifecey ded during
the recording in the forward path are sna Ter than

the {Reeshold, Zﬂ&‘i%oﬁ[e %ESCQQ% B?él&dﬁ%n% d&%ﬁ&[:dﬁgocess in

during the recor I'n e return

which the inclined line-group keytone appears at a stage where

the recording in the forward path is made.

2. The image processing method as claimed in claim
1, wherein the dither process uses a dither mask that is
formed by first patterns and second patterns, the first
patterns have a plurality of different threshold values by
combinations of dots recognizable as inclined line-group tone
patterns, and the second patterns interpolate between the

first patterns to obtain linear gradation wvalues.

3. The image processing method as claimed in claim
2, wherein the dither process uses a dither mask in which
threshold values at dot positions recorded during the

recording in the forward path are small relative to threshold
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15 20 5. The imge processing nethod as clained in any
of clains 1 to 4, wherein the dither process uses a
dither mask that copes with a two-way interl ace
recording or a multi- path recording of the imge
form ng apparatus. 6. A printer driver for causing a
conputer to execute a hatfbene process according to
the image processing nethod recited in any of clains
valyes Rt @ty RPFAT PR FSRRFEeENE1iRg the TasREding dinghe
apparatus. 25 7. An inmage processing apparatus
refrwvi dedhwilnhat Bectan drdtwesn dilingér andcésechd nthofeghmld
6, to carry out a halftone process with respect to
vaheesatthet dibetothpedhdlial tvad vemegehak O as Nigha plasiatngs.
5 8. An image form ng apparatus capable of making a

1ive-ghayiy ®eQEehB0psrdQf ByAR IHRGEnARI SN EEUHNG i dots,
medium by recording in aforward path and a return

arﬂf%eOfs.e%oﬁﬁgEHg%(?%hd i%‘ﬁ.—deetj_sr ﬁg?{‘g%‘gﬁ?gg alg'le %id:st

conmprising: tone process pa i gured

carr ut 10 hal ftone process,that i ased on an
B velHe GO PR o LB AT HES e REGHE Keytone

continuity, wherein the hal ftone process part includes
PHtHIhEY apresbiRapinn afombegifées detearry out a

di ther process in which the inclined |ine-group

keyt one appears at a stage where the 15 recording in

the forward path is nade.

4. The image processing method as claimed in claim

3, wherein at least 70% of the ﬁhreshold values at the dot
positions recorded during the recording in the forward path
are smaller than the threshold values at the dot positions

recorded during the recording in the return path.

5. The image processing method as claimed in any
of claims 1 to 4, wherein the dither process uses a dither
mask that copes with a two-way interlace recording or a multi-

path recording of the image forming apparatus.

6. A printer driver for causing a computer to
execute a halftone process according to the image processing
method recited in any of claims 1 to 5, to output the image

data to the image forming apparatus.

7. An image processing apparatus provided with the
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9. The image form ng apparatus as-clainmed in claim 8,
wherein the dither process part uses a dither mask
that is formed by first patterns and second patterns,
the first 20 patterns have a plurality of different
t hreshol d val ues by conbinations of dots recogni zabl e
as inclined line-group torgil-patterns, and the second
patterns jinterpolate between the first patterns to
PBE@%#?\¢4%ﬁ9ﬁ'%ﬁﬂ&&§9lbﬂ Ghrted, 15 ferryhevfnagealftone
formng apparatus as clainmed in -72 claim9, wherein
Proecsh thidh pespest par thesdsta tdi beepurpsk to théiiege
t hreshol d val ues at dot positions recorded during the
foeaiidgliapgparatidse forward path are snall relative to
threshold values at dot positions recorded during the
recording in the 5 return path in a section between
first and second threshold values the first
t hreshol d vaI has Lin d__line-greup. .
keyt one patte?k’gl g{gg 8 lfé‘%%l éjl‘?a% téf%egia aﬁf ?g thaking a
and the second thre hol d value i s higher than t he
LYOPRY TPESRBOdt0af M 4R BHATa STz Bs TRRRI RS | rifum by
| i ne-group keytone 10 pattern by a conbi nation of
repridinge igoes forvardhpatheayel formithgnapphh aefisa a3can by an
claimed in claim10, wherein at |east 70% of the
imkwjﬁﬂuﬁa¢owdﬁugshaadtheomphﬁsﬂm@sitions recorded during
the recording in the forward 15 path are snaller than

t he thrgshedse MdiessApatriecdntigRasd o rrgcended
during the recording in the return path. 12. The i nmge

héf%ﬂBﬂéJ JRALAL HRa 851 &1 B Jnn aﬁnincﬁing&aifﬁézﬁfdﬁp

wherein the dlther process part use

keytone and maintains keytone continuity,

wherein the halftone process part includes a dither
process part configured to carry out a dither process in which
the inclined line-group keytone appears at a stage where the

recording in the forward path is made.

9. The image forming apparatus as claimed in claim
8, wherein the dither process part uses a dither mask that is
formed by first patterns and second patterns, the first
patterns have a plurality of different threshold values by
combinations of dots recognizable as inclined line-group tone
patterns, and the second patterns interpolate between the

first patterns to obtain linear gradation values.

10. The image forming apparatus as claimed in
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20 dither mask that copes with a two-way interl ace
recording or a nulti-path recording of the inage
form ng apparatus. 13. An image form ng system

conpri sing: an i nmage processing apparatus recited in
claim7; and 25 an image formng apparatus recited in
any of clains 8 to -73 5 025 20 12. 25

claim 9, wherein the dither process part uses a dither mask in
which threshold values at dot positions recorded during the
recording in the forward path are small relative to threshold
values at dot positions recorded during the recording in the
return path in a section between first and second threshold
values, the first threshold value emphasizes the inclined
line-group keytone pattern by a combination of specific dots,
and the second threshold value is higher than the first
threshold value and emphasizes the inclined line-group keytone

pattern by a combination of specific dots.

11. The image forming apparatus as claimed in
claim 10, wherein at least 70% of the threshold values at the
dot positions recorded during the recording in the forward
path are smaller than the threshold values at the dot

positions recorded during the recording in the return path.

12. The image forming apparatus as claimed in any
of claims 8 to 11, wherein the dither process part uses a
dither mask that copes with a two-way interlace recording or a

multi-path recording of the image forming apparatus.

13. An image forming system comprising:
an image processing apparatus recited in claim 7; and

an image forming apparatus recited in any of claims 8 to
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