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

DEVI CE, | NK-JET PRI NTING DEVI CE, PRI NTER DRI VER,

| MAGE PROCESSI NG APPARATUS, 5 | MAGE FORM NG SYSTEM
AND | MAGE FORM NG METHOD TECHNI CAL FI ELD The present
invention relates to the imge- processing nmethod, the
printing device, the ink-jet printing 10 device, the
printer driver, the i mgeRyRaesIONg apparatus, the

i mge formng system and the inage form ng nethod.
More particularly, the present invention relates to
the i mage- processing nmethod which can correct the

o . . . . h

R e o R

AP PREH oPRehE=RoBR S, Sk mydhaad NbnapeARATUS,
rinting device, the ink-jet printing device, the

ﬁﬂ%‘ﬁ eFPq’éﬁNfﬁeﬁff STRY, | Al el W EORMGIGa pPBAHADUS, t he

i mge formng system and the image form ng method.
20 BACKGROUND ART The printing nethod in which the
printing el ements in the recording head in which the
TRAHNIGATY FafEIpri nting el enents are provided are
driven based on the nulti-level image data so that an
mage s | ehBeErObed fos {RGANUNG JBANM Oche KROYD. as
the ink-jet printing nethod, the thermal printing”-2

ﬂggdggéin%tﬁethod, the printing device, the ink-jet printing

device, the printer driver, the image processing apparatus,
the image forming system, and the image forming method. More
particularly, the present invention relates to the image-
processing method which can correct the variation in each
recording head without changing the driving conditions of the
recording head in which gradation printing is possible as in
the ink-jet recording head or the thermal recording head, the
printing device, the ink-jet printing device, the printer
driver, the image processing apparatus, the image forming
system, and the image forming method.

BACKGROUND ART

The printing method in which the printing elements
in the recording head in which the plurality of printing
elements are provided are driven based on the muliti-level
image data so that an image is formed on the recording medium

is known as the ink-jet printing method, the thermal printing
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The ink-jet printing nmethod attracts the attention as
the office use or others for the reasons that it
enabl es high-speed printing, it can record the inage
having the 5 gradation | evels w thout requiring any
special fixing processing to_the plain paper, and the
noi se occurring at the ti me~ ot printing is al nost
88ldi Rke. Conventionally, various ink-jet printing
nmet hods have been proposed and the products have been

duced d pract.ical | i s ink: .
o inting miiRol “tTEL M e MEERP AGCRRGES | o Eipntion

the ink _liquid chanmber. and the nozzle open to the ink

i, !
4% diied O&fafBelsar @F fOrHIP iFeTuddE T8AGOPRethpE ekl pRADLes
is applied to the ink in the ink |liquid chamber 15
gerg PELREHRS. | HE cramtiesiprds dhehamageshayingrope
of the ink is discharged fromthe nozzle and nade to

cgdlderté ono leel sretthaiingrerpdinimg sughsaecthe papesig or
the film and the image is forned on the recording

prRdicd@inlyb e OYRE , p1A1Eh igdpdEl drRCendi Rgibead- 88y Dgy 20 the
classified by the conposition into the serial ink jet

ﬁyﬂenb?rprﬁME?néngstiﬁhééﬂ“ﬁéqﬂ%gigﬁeprinter type. In

the serial ink jet printer, I nk-jet recording

head forns e..scann l'ine.whi|l e scanping.the paper
' the w dehe s SREbn Yot YBRe S n PR T pal e SEBR gy Hhods
IS conv %ﬁg?after one_or npre scans are

the 25
hf‘é’%p%’&egg, : rﬂas‘? IFRRAGNG tSc BANPNEe PR N pduced and

f or med.
used practically.

In this ink-jet printing method, the ink-jet
recording head in which the ink liquid chamber and the nozzle
open to the ink liguid chamber are formed is used, and the
pressure is applied to the ink in the ink liquid chamber
according to image information, so that a small drop of the
ink is discharged from the nozzle and made to adhere to the
recording medium, such as the paper or the film, and the image
is formed on the recording medium.

Moreover, the ink-jet recording head may be
classified by the composition into the serial ink jet printer
type and the line ink jet printer type.

In the serial ink jet printer, the ink-jet
recording head forms the scanning line while scanning the
paper in the width direction of the paper (main scanning), the

paper 1s conveyed after one or more scans are completed, and
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On the other hand, in the line serial printer, the
nozzles are forned in the width direction of the paper
to cover the whole width of the paper, and the
printing is 5 performed by conveying the paper w thout
scanning it in the wdth direction. The line ink jet
printer is advantageous in that it forms one scanning

’&ﬂé‘efdlrlomﬁg"visgéﬂn%{;ﬁffﬂﬁrhsatfo%ngdne and the

printing spéed is high. wever, there are the

roblens 1Q ip that. since fhe recording head jtse]f
gecones Iagae?h?h%th%ﬁﬁh%§ rﬁﬁtzﬁeng§Pgb5eFé?£ép?+Pter' the
size, and, when the printin with a high resolution
TEESIEFE CREMSY r BvgEeMtihh Heechdon e BgtPaReer to
made to a high density and the manufacture cost of
qFver s @hog@c@i@tmgof]eﬁde treewres apdglihelBrinting is
contrast, the serial ink-jet printer is advantageous
rar fidratedt bg comgeyisg fdrergehresi g thbet eoapaiadi ¥€liyn the
smal | recording head, and the device cost is low. For
Wit easemichn recent years, many serial ink jet
printers have been put in practical use. 20 The

met hod of @Hglyi@tj%rh@_j €L 105 hSdbﬁ%t' eoyé‘gierl Wat it

liquid chanber o e i'nk-j et recordi ng head” ma

|assified into the method.,usin he.pi ezoel ectric, .
RS bl b b Pya ELIE LI AR h0 8 BRRE RS o7t 4 Ceime ana
aﬁéansducer, and the nmethod using the heat produced in

e PRSI RY PREFSLHT 1HiXe ISWeNervhéPREP #RR Fle problems

printer. -4 The ink-jet recording head is the
imttdgitaséacdetheerecording head itself becomes large, the

whole printer must be large in size, and, when the printing
with a high resolution is needed, the arrangement of the
nozzles must be made to a high density and the manufacture
cost of the ink-jet recording head becomes high.

In contrast, the serial ink-jet printer is

advantageous in that the image is formed using the

comparatively small recording head, and the device cost is low.

For this reason, in recent years, many serial ink jet printers
have been put in practical use.

The method of applying the pressure to the ink in
the ink liquid chamber of the ink-jet recording head may be
classified into the method using the piezoelectric element
(PZT) which is the electro-mechanical transducer, and the
method using the heat produced in the heating resistor like

the thermal ink jet printer.
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whi ch has the nozzle density in the range of 150 -
600dpi and has the nunber of the nozzles in the order
of several 100 nozzles. For this reason, it is
difficult to produce all the 5 ink-jet recording
heads such that they are conpletely identical.

Moreover, there is also the VAriation in the
material s yped; nk0% o XA0R K1 dJ HPG GaSeRAf 14PE devi
i nk-j et print%ﬁg %%vice J?Fh&pghe P%%, t%eléﬁv %?t%g svice

[ S I es_accordi to the material ,
Vg{rloégleg%%to tgr ég%éi‘%fg?lﬁséltlbﬁ $ 43PE8uf EHJ ngggdpl and
unavqi dabl e that the variation arises in the
Rt i GG SEhaf ab PR rPRFFERS ot (e io%dR¥i AGapeveral 100
recording_heads. Conventionally, to obviate the above
MIeem FRrE thisseeasan. et HodslifficuBseiopropdsed @kl the
di scl osed in Japanese Lai d-Qpen Patent Application
iNdsj 200@c0881568, h@ddd- 2638 lithat GRe®88180cofF13285p1,
08-118727, and 11-020204. The proposed net hods of
iotmsitdidang the problemare nmainly to change the
voltage, the drive tine, etc. of the 20 drive
vavef orm andragdiust herd s dhab $REHaRRd: Ik O - tne
However, if the drive waveformis changed, there is

.RrQb t hat, _t he power caonsunption i e PZT or

%%ﬁ%ﬁ%%%% hgghfes?% o?xﬁ§¥ﬁ%eéﬁh%%FaFS§? Rgrt€9e+%% Jet

changi ng the drive waveform nmay nmake the dot

SR SEVARSi PSRN CHArS, 1P S8OKRKeOE hat sal apemen:

dot, occur, or may nake the dust occur, -5 which wll
VEAISE PRECTHARE FRathe ynaterdetlesingr arecess tolerance of the

PZT. As a result, it is unaveoidable that the variation arises
in the discharging characteristics of the individual recerding
heads.

Conventionally, to obviate the above problem, the
several methods have been proposed as discleosed in Japanese
Laid~Open Patent Application Nos. 2000-085158, 2000-263818,
07-089100, 07-323551, 08-118727, and 11-020204.

The proposed methods of obviating the problem are
mainly to change the voltage, the drive time, etc. of the
drive waveform and adjust the ink drop speed and weight.
However, if the drive waveform is changed, there is the
probiem that the power consumption in the PZT or the heating
resistor may become large. Moreover, changing the drive
waveform may make the dot configuration itself change, may

make the satellite dot occur, or may make the dust occur,
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On the other hand, in the case of the thermal
printing nethod, the recording head (the thernal
recording head) in which the nunber of heating
elements are forned is 5 used, and any of the heating
el ements of the recording head is selected based on
the i mage data and driven to~generate heat, so that

 d I S.f 0 r. .Qr pl ain
T oot TS ther marde TP IR AR daRel &' e
image 10 wth.the gradation |evels by drivi t he
heati ng elgﬁbﬁpg 8Fg?ﬁe ?%%bﬁﬂ}ﬁ%“%é@%ebﬁgeaﬂgntgﬁﬁmal
nmul ti-level 1image data and adjusting the heating .
RISty 9 Jiedhd6es thet rReetlite R - (theodbesmagd, regerding
as fixing, but has the features that the device size
hepdpgin whillsh phiecauinker owf hémting sd ementheareméotbed is
of printing is low, the operability is good, and the

yeicht emaheayi sfeaby heapitd cslemelts fcandi Rgcbeadng head is

used for the thermal printing device may be

$d1ansidd efsiedt ent BRe! iMgyPrdadd Rhd ¥REVésl RE ?Eﬁerate heat,
recordi ng head in which a | arge nunber of heafing

£ SR $rAliRagd0; 8" L rdibng tg. .t -

wi dt h ofI}ﬁéa?ec%rd?ﬁgg%gé#ﬂégg%gﬁ%ﬁ%%grgh@?ﬁggfspﬁe plain
rforned the thermal paper which is conveyed

<%§?£%ﬁﬁe%UIarly to the heating element row, and the

seri al prinh%n% tgge using the recording head i n which

a small ndfBefh® %é?ﬂf%lé}geﬁ@ﬁ't@ea@na??‘éﬁﬁédth% image
row and the 25 head is conveyed in the direction

Héipdhe eupdptiont hevedbyily deiwlinedheohestingeelements of
thermal paper to performthe printing to the

the recording head based on the multi-level image data and
adjusting the heating energy, and does not need the post-
processing, such as fixing, but has the features that the
device size is small, the price is low, the noise at the time
of printing is low, the operability is good, and the

maintenance is easy to perform.

The recording head used for the thermal printing

device may be classified into the line printing type using the

recording head in which a large number of heating elements are

arranged in a row according to the width of the recording
medium and the printing is performed the thermal paper which
is conveyed perpendicularly to the heating element row, and

the serial printing type using the recording head in which a

small number of heating elements are arranged in a row and the

head is conveyed in the direction perpendicular to the moving
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thermal paper. Mreover, as for the thermal recording

head, it is difficult to produce all the heating

el enents such that they 5 are conpletely identical,

and there is also the variation in the heat

generating characteristics of the individual recording
heads. DI SCLOSURE OF THE | NVERTI ON 10 A nmi n obj ect of

: .eSe L.avent | ' oV i, praoved, .
SRR (RNCThEPl el KR RD IR BYEfeing to the

bove-nenti oned problens are elim nated. Another
éhﬁ PPfie present invention is to provide a

printing nethod and device in which the variation in

15 the recHPlFPECheat® fr d1e dbweamali rrenrdénangead, it is
the driving conditions of the recordi ng heads, such
chist ftitpar litn ko] prodecer all hgthwedusmdng lkd etketeabuch that they
recordi ng heads. Another object of the present
drey epipdR ted yt Odept Dvd e @ndribdrengsdaviseetnbi ¢hrd9eson in
not have the difference 20 in image quality between
tiHee reag @bﬁ@@htm‘?%mp&{@ﬁ%@s b[fﬁ theMendlvP&hat I ng

e

even if there is the difference in

]ggggﬁﬁ% l.sLl;cSs between the recording head, and which
can o0 gghﬁgg%éirable i mage quality and does not
create the satellite dot, the dust, etc., especially
in the case of the 25 ink-jet recording head. -7

Mor eover, when the ganmma correction paraneter is
Dﬂ%@%@ﬁUﬁﬁrﬁFdfﬂﬁ iNﬁ%ﬁEIQNghtness characteristics of

t he

A main object of the present invention is to
provide an improved printing method and device in which the
above-mentioned problems are eliminated.

Another object of the present invention is to
provide a printing method and device in which the variation in
the recording heads is corrected without changing the driving
conditions of the recording heads, such as the ink-jet
recording heads or the thermal recording heads.

Another object of the present invention is to
provide a printing device which does not have the difference
in image quality between the individual recording heads at the
time of printing even if there is the difference in the
characteristics between the recording head, and which can
obtain desirable image quality and does not create the
satellite dot, the dust, etc., especially in the case of the

ink-jet recording head.
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printed image to the difference in the characteristics

of the individual recording heads, the yellow, for

exanple, has 5 little change of l|ightness for the

gradation levels of 0-255, and the maxi num change of

the yellowis less than ten in the |[|ightness. The

variation in the recording hedds cannot be detected

with suffig c : %%h&jn I e ' .

of the preggﬁgsrﬁgégf$%% Eé?ko pfb%ﬁégegﬁgkﬁag%r§ﬁé€g£ s
SSi od_a rintin evice in which the

B S g o DR 1 S RSB n e =50 rF1 eF ohe

acc Qﬁgy in such a case and the sanme image quality is

%rbleﬂgﬁ' d"REF &0erhe PHTIRERNCY iroridér chérackhFedetipe of the

above-mentioned objects, 15 the present invention

BrBvigeadn repageing oeeads ngthretiedd ofor for prampleg has

devi ce which has a recording head in which a

plubla ichpengk pfi hi ghgned enfnt sthar grpdevidadlandl droves-255,

the printing elenents based on nmulti-Ilevel inmage data

dr@ frilemMmaR imiikBgRa Oie aHf MEGEORAINGWRA UBkst BBan ten in the

i mage- processi ng met hod 20 conprising the steps of:

S8Ry aTHaNPR-£LL{&FH nct%egqre%%% gaﬁggagi anﬁ(gt be

printing characteristics o recordrng head; an

' 1. L on. t he recording dium. based on_ the
AR P B e ity A ATEr o AechaspaL pRocher
%ﬁhi ve the above-nentioned objects, 25 the present

V&Nt Pon *BPORTBRSN G VSRR dévite PRRVAACHAR Hrage-

recording head in which a plurality of printing
ROSPERELEgaPethed ovndictl ririd tdmav dlevilive pri whia the gamma
el enents based on nulti-Ievel
correction parameter is chosen with sufficient accuracy in

such a case and the same image guality is obtained for every
printer.

In order to achieve the above-mentioned objects,
the present invention provide an image~-processing method for a
printing device which has a recording head in which a
plurality of printing elements are provided and drives the
printing elements based on multi-level image data to form an
image on an recording medium, the image-processing method
comprising the steps of: selecting a gamma correction
parameter according to printing characteristics of the
recording head; and forming an image on the recording medium
based on the selected gamma correction parameter.

In order to achieve the above-mentioned objects,

the present invention provides a printing device which has a
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i mage data to forman i mage on an recordi ng nedi um
the printing device conprising: a selection unit
selecting a gamma 5 correction paranmeter according to
printing characteristics of the recording head; and
an image formng unit form ng an i mage on the
recor di ng medi um based on t he8gamma correction

ﬂ%ﬂéﬁ%ﬁﬁfh§85e§£e9hpghRQﬁg%ﬁ%@ﬁg%?gfuB%&nF%Hgoéggﬁe%{E are

achi eve "t he above-nentio e presen

' i.on_prqvides an inage-.processin thod for .

éﬁh n Fﬁgaagvﬁgévﬁﬁi@%eH%%g§”f§£5ﬁﬁ?ﬁ§%ﬁg§85? ﬂﬁiTWi%ﬁ_lEVEI
pluraljty of ?rinting,elenents are provi ded and drives
RS Gaitht FRg eFBndht YRR &P GF mAcerdiaderedigBe e a

to forman inmage on an recording nedium the

R Ngr 8888 SE ngomet thds aepdecsiing thétssepscoing a gamma
selecting a gamm correction paraneter according to
ddmgetoidss phaameter i stcwsiiofyg agppimhedng oRgeaefetherics of
recordi ng head; and form ng an image on the recording

tRdire@okased B8ad heasel actoh faTREaL" 881 L0Forming an image
paranmeter. 20 In order to achieve the above-nenti oned

e R E

devi ce whic recor

lurality o I nt.ing.elenents .are_ _provi ded and
rria\r/neeg:ef:hgeﬁp?lg%? gy oo TR U8R Sl 1 - | evel
I mage data_to forman inmage on_an recordi ng nmedi um
the 25 pri hti MAeeVieetdmyE dhsgabgvesrestieredimiiects,
sel ecting a ganma -9 correction paranmeter according to
fhegRreesstchavertion asidss ag prageedrpoageing rndighod for
recordi ng head; and an inmage formng
a printing device which has a recording head in which a

plurality of printing elements are provided and drives the
printing elements based on multi-level image data to form an
image on an recording medium, the image-processing method
comprising the steps of: selecting a gamma correction
parameter according to lighiness characteristics of a printed
image of the recording head; and forming an image on the
recording medium based on the selected gamma correction
parameter.

In order to achieve the above-mentioned objects,
the present invention provides a printing device which has a
recording head in which a plurality of printing elements are
provided and drives the printing elements based on multi-level
image data to form an image on an recording medium, the

printing device comprising: a selection unit selecting a gamma
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unit formng an image on the recordi ng nedi um based on
the gamma correction paraneter selected by the
selection unit. 5 In order to achieve the
above-nenti oned objects, the present invention
provi des an i nmage-processing nethod for a printing
devi ce which has a recordingfead in which a
QAR bY BhrRRLBLE NG & SIEIY S 18 REAULDC L, ARG ALLYES: o5 of
the printing elenents based on mulFti-Tevel Trnage dat @
to form.an 10 i npge on an recordi ng medi.um the )
A RigE 5o CBESP 3! nERROEEC Berh 1 RBtaphpkigpe forming
sel ecting a ganma correction paranmeter according to
Wttt CRrmdBfs APy BRES R i tiacereing mginkebasadgen ofhe
the recording head; and form ng an i mage on the
gaooer domgentdpunpdeseeion sdlecdeldebvedhgarmbection unit.
correction 15 paraneter. In order to achieve the
above- nent innetdebj Bctachidvhe theeabbtreHA¥RBLHHED objects,
provides a printing device which has a recording head
tHe WhieeBna PhUERLILY ®foRiddY 0 18l68BRL8c858ing method for
provi ded and drives the printing el énents based on
é@ﬂhghﬁéeheggcéw cfgeﬁaas t O.rfe%ro Q04 fBL§ 94 \%Qigh a
recording nedium the ‘printing device conprising: a

el ection unit,selecti a gamma correction, paraneter
PIRCBIA N GOf PEHRT EAF TRy “CRaPAETARFe: FEQ OFiges the
printed i mage of the recording head; and an inage

DFTOHAG BRFPCRES P3RedrPt MigdlonevRé ABREPdfaER neeli tawm an

25 based on the gamma correction paraneter sel ected by
ifage- 00 seal secovBinginedium ortder imegachirevessieg method
above-nenti oned obj ects,
comprising the steps of: selecting a gamma correction
parameter according to optical density characteristics of a
printed image cof the recording head; and forming an image on
the recording medium based on the selected gamma correction
parameter.

In order to achieve the above-mentioned objects,
the present invention provides a printing device which has a
recording head in which a plurality of printing elements are
provided and drives the printing elements based on multi-level
image data to form an image on an recording medium, the
printing device comprising: a selection unit selecting a gamma
correction parameter according to optical density
characteristics of a printed image of the recording head; and

an image forming unit forming an image on the recording medium

based on the gamma correction parameter selected by the
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the present invention provides an inmage-processing

met hod for an ink-jet printing device which has an

ink-jet recording head 5 in which a plurality of

nozzl es are provi ded and di scharges ink drops from

the plurality of nozzles based on nulti-Ilevel inmage

data to forman i mage on an‘ﬂébordlng medi um the

d - o @E8$Si ng method conprising the steps of:

se ectlng a gamma correction paraneter accordlng to

di schargin characterlstlcs 10 . of the ink-

recor di ng %Eaar Shd™? ot Th Ay Sarth QVEanH lo?%@o?%ﬁ?ﬁfs
medi um based on the sel ected gamma correction

e fRssent LRAVERGEP t BrAacHiay et HEeglsowsoreasipaerethod for
objects, the present invention provides an ink-jet

g iimkngtdeviiceing v ide hdsidn hask gnetinkegetdiragohéiny head
in which a plurality of nozzles are provided and

idi setiahges pllokallf epsof reseile qdaipaloviivieal aRgzat €6harges
based on nulti-level inmage data to form an inmage on

@k [ResdicRgnMeds U ut e i ks 4 elo Mt bAGede¥hCRul ti-level
conpriSing: a selection unlt selecting a ganma

‘}%égr e((‘fita'tgn gofB%agRt frﬁa dat n%ec%r%,:.%éhar gl ugan%h% image—

acterlstlcs of the recor
e forn1n it form on the_recordi ng
RREH 4o B TR 'ﬁ%m@a}ﬁfdg%of?}eeaﬁ Sar SRLEEFLRG & gamma

selected by the selection unit. In order to achieve
e S4B P8- RERETBRRE dBfeRdiNg 125 digehpredeat chavestepistics
provi des an i mage-processing nethod for -11 an ink-jet
qfr ithel Agkdaetcecobréinddseaty iakl fetrmiagordi hgateacn the
in which a plurality of nozzles are provided and
mHcealddhgesedium based on the selected gamma correction
parameter.

In order to achieve the above-mentioned objects,
the present invention provides an ink-jet printing device
which has an ink-jet recording head in which a plurality of
nozzles are provided and discharges ink drops from the
plurality of nozzles based on multi-level image data to form
an image on an recording medium, the ink-jet printing device
comprising: a selection unit selecting a gamma correction
parameter according to discharging characteristics of the ink-
jet recording head; and an image forming unit forming an image
on the recording medium based on the gamma correction
parameter selected by the selection unit.

In order to achieve the above-mentioned objects,

the present invention provides an image-processing method for
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ink drops fromthe plurality of nozzles based on
multi-level 1image data to forman i nage on an
recordi ng medium conprising 5 the steps of: selecting
a gamma correction paraneter according to lightness
of a printed inmage of the ink-jet recording head; and
formi ng an i mage on the recorddimg nedi um based on the

l.egt ad.g r ' r r..ln_order to .
AP Ao BT e D A R, ' T5R RS  phBearing neac
i nvention ovides an_ink-jet printing.device_  which
WadTohe T BB L ERer O HP AP FrF oo o) ahdi 115 eamaes
nozzl es are provided and di scharges ink drops fromthe
itucaepey fepmnhe | REubskidy oif mezzlesebapef nagemabt i level
to form an inmage on an recording nmedium the ink-jet
im&ast idagadéei fermbamoimprdesiany ara regbedi.ngnmeditm, comprising
selecting a gamm correction paraneter according to
tHeghite@ss ot acpetdimg 4 rgenOfcdriiectibk- petaheEsF Uidbrding
head; and an image formng unit form ng an inage on
8 iR¢aedsng s Medh HM-RAs eth R (1 (BRMBKCPLECLLLO ding head;
par anmeter selected by the selection unit. 20 In order

' e. e- ' j ec . 1h r esent

E%%bg%?h%ésp%gv%@gggdﬁqﬁﬁgéggﬁgﬁggé in%dﬁg?hgﬁg?groné%he
i nk-j. et grintin devi ce which has an ink-jet recording
ﬁé;ﬁ%teﬁn ARPEnCAT PFUr T (RAGFST6%21 es are provi ded and
di scharges_ ink drops fromthe plurality of nozzles,
based on nmift PrEe% et ZERifyGe that abeyerBent henedrerfel ents .
an recording nedium the nethod -12- conprising the
Weepresentsahuetthop yantesc ey écki-grt paiatbt@rdevice
according to an optical density of a printed inmage
which has an ink-jet recording head in which a plurality of

nozzles are provided and discharges ink drops from the
plurality of nozzles based on multi-level image data to form
an image on an recording medium, the ink-jet printing device
comprising: a selection unit selecting a gamma correction
parameter according to lightness of a printed image of the
ink-jet recording head; and an image forming unit forming an
image on the recording medium based on the gamma correction
parameter selected by the selection unit.

In order to achieve the above-mentioned objects,
the present invention provides an image-processing method for
an ink-jet printing device which has an ink-jet recording head
in which a plurality of nozzles are provided and discharges
ink drops from the plurality of nozzles based on multi-level

image data to form an image on an recording medium, the method
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of the ink-jet recording head; and form ng an i mage on
the recording nedium based on the sel ected gamma
correction 5 paranmeter. In order to achieve the
above-nenti oned objects, the present invention
provides an ink-jet printing device which has an

i nk-jet recording head in whil&r a plurality of

. royided. an i rges | dr om t he
L R T e e
data to form an i e on an recordi ng nedium fthe ,
RS R AP ROF AT o0t G0 U g LoV BF et PBiLee timage
sel ecting a gamma correction parameter according to
% Wt ile&rIgEnEREYTSING hradt edd fegaingf aphemagk-potthe
recordi ng head; and an inmage formng unit an 15 i nage
mrcrdd nge peddimgbared urn basedadredtied gamma correctiom
par aneter selected by the selection unit. In order to
molamestert. he above- mentioned objects, the present
i nvention provides an ink-jet printing device which

has a plurahibyadf tdkadiBledLaNdizRgvheRAESE iR Gy s,
20 plurality of nozzles are provided for each ink-jet

1%1%8 %rrgsggto;ﬂﬁ@gfl@fgn dﬁé&tﬂ.ac{‘%: San: rilﬁkqﬁ %@SBOEHQ in(F %e%jfce

alit colors ftom pl ural nozzte
he pluralit f.ipk-jet recording. heads respectively
EHR RO LPETAT6I TS TR R P PoFALER EobLRE? gl OF
on an recordi ng nmedium each ink-jet recording 25 head
I&HRIESs PRG: PROSefedtarm dirighas@esc infigdgoganfgom the
correction -13 paraneter of a correspondi ng col or
rdcgwlditygofondestearbpsed whanddtiefdieseilcsmafet ieta to form
i nk-j et recording head.
an image on an recording medium, the ink-jet printing device
comprising: a selection unit selecting a gamma correction
parameter according to an optical density of a printed image
of the ink—-jet recording head; and an image forming unit an
image on the recording medium based on the gamma correction
parameter selected by the selection unit.

In order to achieve the above-mentioned objects,
the present invention provides an ink-jet printing device
which has a plurality of ink-jet recording heads in which a
plurality of nozzles are provided for each ink-jet recording
head and discharges ink drops of a plurality of colors from
the plurality of nozzles of the plurality of ink-jet recording
heads respectively based on multi-level image data to form a

color image on an recording medium, each ink-jet recording

head comprising: a selection unit selecting a gamma correction
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In order to achieve the above-nentioned objects, the
present invention provides an ink-jet printing device
5 which has a plurality of ink-jet recording heads in
which a plurality of nozzles are provided for each
i nk-jet recording head and di scharges ink drops of a
plurality of colors from thé3plurallty of nozzl es of
l.ucal. it [ p vel V.
A bl ¥ St S Rle B0 SRR B8 DA i ang
L mage on.an.reco dj dlun] each et .recording
?ﬂﬁﬁ%95§ﬁﬁF|§Fﬁg £ £%% iﬁ%|lﬁ¥lﬁ%qp¥§éP8c FAg-a gamma
correction_ paraneter of a correspondi ng col or
accordi ng B PTERE nes f@fievehdheopbeyponenhicred orbisfcts,
a printed image of the ink-jet recording head. 15 In
Wredgresenschhesrtite phovelarmn dnédielyj pristinghdevice
present invention provides an ink-jet printing device
witiichh haas aapplius Bl t§ Yo Of idkHggtetrecoeai dgngeh@adsn ivhich a
which a plurality of nozzles are provided for each
lrﬁ&’all‘itt?rr 8¢0h8L lles NeAL AN, dH3C ff%&geachnknﬂiﬁ)% PlcFrding

plurality of colors from20' the plurality of” nozzles

ﬁgéleE pég%éﬁ% %egf%ﬁgﬂﬁﬁégs fC r%lﬂgalgggtgf co xS, from

respectl ["evel “I'mage ato form
on_an recordi medi_um eachl
S R KR ok (o il SPERi ok gk 1k el ek (Farprding
a gamma correction paraneter of a correspondi ng col or
1'5‘@63& grPAgerslunl vpeaeed 5 Weidi Vel Emage data to form a

correspondi ng color of a printed inage of the -14

dadlerj emagecondangréeadiing meddem,t eagbhiigkej¢herecording
above-nenti oned obj ects,

head comprising: a selection unit selecting a gamma correction
parameter of a corresponding color according to lightness of
the corresponding color of a printed image of the ink-jet
recording head.

In order to achieve the above-mentioned objects,
the present invention provides an ink-jet printing device
which has a plurality of ink-jet recording heads in which a
plurality of nozzles are provided for each ink-jet recording
head and discharges ink drops of a plurality of coclors from
the plurality of nozzles of the plurality of ink-jet recording
heads respectively based on multi-level image data to form a
color image on an recording medium, each ink-jet recording
head comprising: a selection uniit selecting a gamma correction

parameter of a corresponding color according to an optical

density of the corresponding color of a printed image of the
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the present invention provides an inmage processing
apparatus which conmmunicates with an ink-jet printing
device, 5 conprising: a requesting unit requesting a
gamma correction paranmeter or a kind thereof to the
ink-jet printing device; a receiving unit receiving

t he gamma correction parametdd-or the kind thereof
{demdhe lpiak gf pigting device; and an imge

processing unit-adjusting a gamra correction paraneter
based 10 on_the._ ganmma cqrrection paraneter or the kjind

t her eof regBiQEﬁgrb§°t T EeitHen gBH?TmQ?FlQF%EWOQI?CtSr
achi eve the above-nentioned objects, the present

Ghey BFESER tp L BYRRELCRP TG S Giniliggsy Bremes s hed ualbprratus
an i mage processing apparatus and an ink-jet 15

widiaoht icogmdedceees t heth regenk-deds pirngtapgadatrise,
conprising: a requesting unit requesting a ganmma
opraetingn parafeéetingalgad ireRueatanhoat Bemha@kecdLtection
printing device; a receiving unit receiving the ganma
]_:Qa‘ira&%c&tehcoBrparﬁm@cﬁ%h%cﬁctﬂoo'ih@atiﬁk—ﬁE@”b]:hﬁt%lgé'dle@\;ice; a

printing device; and an inmage processing unit

SEHISE 00,08 8L 0L Sl g SOIS ERLLECh Blyor o o

par anme S ga correction para

sele%ﬁion ga a receixg%se%éthe receiving unit, and

YRE THRTFEE pFPRt HHY 1hlevidte PEIRIRSi AV st ORF P image
unit storing the gamma correction paraneter selection
RRCESSaRE BRLFand T I uiamer SRSHRPEELAR PBrameter based
gamma correction paraneter selection data to the inmge

ocnl Bher genwsi ngrapphiat gmrameterder tbeakhndvehéheof received
above-nenti oned obj ects,

by the receiving unit.

In order to achieve the above-mentiocned objects,
the present invention provides an image forming system
including an image processing apparatus and an ink-jet
printing device, the image processing apparatus comprising: a
reguesting unit requesting a gamma correction parameter
selection data to the ink-jet printing device; a receiving
unit receiving the gamma correction parameter selection data
from the ink-jet printing device; and an image processing unit
selecting one of a plurality of gamma correction parameters
based on the gamma correction parameter selection data
received by the receiving unit, and the ink-jet printing
device comprising: a storing unit storing the gamma correction

parameter selection data; and a transmitting unit transmitting

the gamma correction parameter selection data to the image
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t he present invention provides an imge form ng nethod
of an image formng systemincluding an i mage
processi ng apparatus 5 and an ink-jet printing
device, the image form ng nmethod conprising the steps
of : requesting a ganmma correction paraneter selection
data to the ink-jet printingldevice from the imge
' s; creating the gamma correction

I%%%%%%?égggégggégéﬁ'data by the ink-jet printing
device; 10_transmtting the created the ganm .
correcti ontPaParet ef® &H&EMS &l]i‘edépﬁv?ﬁmgﬁEl?’P%eObJ ects,
processi ng apparatus; receiving the gamma correction
e resentséngentdon darw ¥desmarhdmage- fermipg i methed of an
devi ce by the image processing apparatus; and
isreigec tfiomgiaggapwben oineoidiony gar dmeger phasesds bng tdygparatus
recei ved 15 gamma correction paraneter selection data.
Aerendiing-t ett pei Rt Bse Mev ideentthen imagel 8hrhbey method
printing device which has the recording head in which
dR@riRinGakhbY sefppréat i AGLRIATRIE S BLAMEOLORH-cLi ke
an'ink-jet recording head or a thermal recording

i d ives the 20 printing.el.enents based.on. t he
éﬁﬁgﬁeﬁégvsgﬁﬁégb%ncé%E?t%?f?m%nl K0 el B B pRedevice from
recqording nedium even if there is a varjation in the
W artdE0Er PSPFESsS ofd STRIFA AT di TG 2 aEs EhEngaii | R Fpftion
can be corrected without changing the driving
regiRaietiesnsedectior ¢%@%ﬂdiﬁémhé@g—déﬁcérhéﬁi@gr@ﬁwd¢@:
sel ecting the gamma 25 correction paraneter according
trmanshe tthagather csea ol dfhd lgmmnb6 coecerdiog besaheter
concerned. Mreover, even if there is a variation in
dei@ction data to the image processing apparatus: receiving

the gamma correction parameter selection data from the ink—jet
printing device by the image processing apparatus; and
selecting a gamma correction parameter based on the received
gamma correction parameter selection data.

According to the present invention, as for the
printing device which has the recording head in which the
plurality of printing elements are formed, like an ink-jet
recording head or a thermal recording head, and drives the
printing elements based on the multi-level image data to form
an image on the recording medium, even if there is a variation
in the characteristics of such recording heads, the variation
can be corrected without changing the driving conditions of
the recording head concerned simply by selecting the gamma

correction parameter according to the characteristics of the



10

15

20

25

| i ght ness characteristics or the optical density of
the printed i nage between such printing devices, the
variation can 5 be corrected w thout changing the
driving conditions of the recording head concerned by
sel ecting the gamma correction paraneter through the
preparation of the col or patdib-and the color
4;n %Eagf the col or patch, and thus the imge

ormation T e p%??%?ne and a constant image quality is
10 obtained. Moreover, even if there is a variatjon . in
the di schiPEFAYCENSERR orf SHoEE e VABLABERR dHhgthe
head is the ink-jet recording head, it is possible to
ldettaes st RRargaEeht $okcsi Athdite @mzé:ng:aﬁg deneltyi 9f nghe
conditions of the ink 15 jet recordi ng head by
prEaswd dgatbebdisedargicty prchariact ekeivitees thetheriation can
recordi ng head concerned and sel ecting the ganma
KOG leic@BdPRE BRBE €l chddgirfy ROESIdHi®1he ebhaifidns of the
desirable image quality w thout generating the

RRIRFiHEendak: ¢ ﬂ@@rtﬁ%_? tbe% &b edln tbh %hteo ection

and no matter 20 prln i ng d V|ce per f or ms

e.form the sa t

CSCRITeA. CEaP PRr Ho ST R g SE- ERLOYcPEEEh apa the
of the optiml gamm correctlon araneter for each of
FHe |WFaFEFem?%Eo?ﬁl?EFiﬁﬁﬁﬁ¥(ﬂa BPdr 5Pug ofbf simgie

erformng the image 25 formation, the optical density

gatienhide peripemedrand 4 rmzj@tam AeagEnguathen gesl
no matter what ink-jet printing device perforns the
drmegeetior mati on, and thus a high inmage quality is

Moreover, even 1f there is a wvariation in the
discharging characteristics when the recording head is the
ink~jet recording head, it is possible to correct the
variation without changing the driving conditions of the ink-—
Jjet recording head by measuring the discharging
characteristics of the recording head concerned and selecting
the'gamma correction parameter. It 1s possible to obtain a
desirable image quality without generating the satellite dot,
the dust, etc. in the formed image, and no matter what ink-jet
printing device performs the image formation, the same image
guality is obtained.

Furthermore, by carrying out the selection of the
optimal gamma correction parameter for each of the ink-jet
recording heads of the plural colors and performing the image

formation, the optical density and the hue of the formed image
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obt ai ned. Ot her objects, features and advant ages of
the 5 present invention will be apparent fromthe
followi ng detailed description when reading in
conjunction with the acconpanying draw ngs. BRI EF
DESCRI PTI ON OF THE DRAWNGS 10 FIG 1 is a perspective
di agram showi ng t he nechani-ddk- part of the ink-jet

rinting device of the enbodinent_ 1 in which the .
Badbn P ATHES e 1A o dTT TBRG S5 aBr P B3 g e

FIG 2C are diagrans showing the recording head unit_ )
Berfopms| hRej 2Page i MRS e @@d thufhaer Biah Fenoogyality is
a perspective di agram show ng-the whole recording
dipdadnedi-t, FIG 2B is an enlarged cross-sectiona
view of the nozzle part, and FIG 2C is a diagrans
showi ng t hether ramnpenent fehtilesphidabtiitynddgeozat ese

on the nozzle plate. FIG 3 is a diagramfor

peRkaiNE AgehhEoNaY: 1 NG 2D P06 dicREmNeRd ¥Piiowing detailed
di scharges the ink drops to the paper. FIG 4 is a

L agr how f ' c Sit Lo :

B B Tt Pt althd 1 (RO r TR L e mpanying

dFIG” 5 is a block diagram showi ng the control unit 25
YtRE%i nk-j et printing device of the enbodi nent 1.

-18 5 FIG 6A, FIG 6B, FIG 6C, and FIG 6D are

di agrams showi ng the drive waveform of the recording

head.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective diagram showing the
mechanical part of the ink—-jet printing device of the
embodiment 1 in which the present invention is embodied.

FIG. 2A, FIG. 2B, and FIG. 2C are diagrams showing
the recording head unit in the ink-jet printing device,
wherein FIG. 2A is a perspective diagram showing the whole
recording head unit, FIG. 2B is an enlarged cross—sectional
view of the nozzle part, and FIG. 2C is a diagrams showing the
arrangement of the plurality of nozzles on the nozzle plate.

FIG. 3 1s a diagram for explaining the way the
recording head unit discharges the ink drops to the paper.

FIG. 4 is a block diagram showing the functional
composition of the host computer and the ink—-jet printing
device.

FIG. 5 is a block diagram showing_the control unit

of the ink-jet printing device of the embodiment 1.
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FIG 7 is a diagram show ng the conposition of the
drive circuit of the recording head. FIG 8 is a

di agram showi ng the exanple of the driver IC. FIG 9
is a diagramfor explaining the relation between the
gradation level and the lightness in the recording
head. 10 FIG 10A and FIG 1U0B-are diagrams for

expl ai ni ngFI%heﬁgxagrPé.esgé)f Etﬁw%%“gft%ﬁ&o%%?t 'F]gna&e diagrams

table. FIG "I1 is’a diagram's e resul

asurenent of the relation between the gradation
TEFRHETRY RevPi BATRESE i rioha assttnal Baathe
correction_paraneter is 15 selected and the different
recor di ng ﬁggds7a%% [sEPIIGSheying fhgi agPaasshboe myf the
the relation between the gradation |evel and the
dhigie wdgsuiigr oévehyg reterdirandhedds vari ation thereof .
FIG 13 is a diagram showi ng the relation between 20
the gradat Fog.| eves andhidd@nophicsdngdensi txambi&her the
yellow Y, and the variation. FIG 14 is a diagram

Shawnact he rel ati on between the gradation | evel and
the optical density in the recording head. 25 FIG 15

o) 58 BTSSP S Sy R e o
4%?%@%%9%%ewg%2dé Eogpiéégﬂ éﬁgngté: E% %%ggg Egrgﬂgtggcording
head.

FIG. 10A and FIG. 10B are diagrams for explaining
the examples of the gamma correction table.

FIG. 11 is a diagram showing the results of
measurement of the relation between the gradation lewvel and
the lightness when the optimal gamma correction parameter is
selected and the different recording heads are used.

FIG. 12 is a diagram showing the relation between
the gradation level and the lightness for every color, and the
variation thereof.

FIG. 13 is a diagram showing the relation between
the gradation level and the optical density of the yellow Y,
and the variation.

FIG. 14 is a diagram showing the relation between
the gradation level and the optical density in the recording

head.

FIG. 15 is a diagram showing the results of
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sel ected and the different recordi ng heads are used.
FIG 16 is a diagramshowing the relation between 5
the gradation |l evel and the optical density in the

different head. 10 FIG 17 is a diagram show ng the
rel ati on between the gradation |level and the optica
density for every color, anmd%he variation thereof.

' b k_.di showi n he co sition f
st B A s P AR ERFRS b Lty e ona
I.S a .perspective view of the principal part of the )
W%?Héi%t&eﬁﬁt PRG" dEVT P B h S8 Mo FPRERE TSR RBEpaffer is
MODE FOR CARRYI NG OUT THE | NVENTI ON A description wll
TR Bedgiepenthe ghEfpretierreaprdmgodicndat sTof usad.-
invention with reference to the acconpanying
drawi ngs. WIEh ipef s enchidarasl Ghovinhr ahghr&él&idn bdisveen
ink- 20 jet printing device in the first preferred
Brbediagant caf 16061 presa dpgvienili aenwikl, B8 the different
expl ained. FIG 1 shows the conposition of the
Heghani cal part of the ink-jet printing device as the
serial printer in which the present invention is
enbodi ed. s FILG L. and.Fl G 25 2C are .

di agr ans sﬁgé\} ngﬁtjhé; T SESHREY Sﬁléjgéngn?'?ei ’ﬁei?félon between
i,hk-jet. -20 printin evice, wherein FIG 2Ais a

LSt Q&é@?it&sndﬁa‘@?%n?nfg hoWf (i e WAGPE L EECc 6P Bi REeFeaePLor
unit, FIG 2B is an enl arged

and the variaticon thereof.

FIG. 18 is a block diagram showing the composition
of the image forming system of the embodiment 11.
FIG. 19 is a perspective view of the principal part

of the thermal printing device of the embodiment 13.

BEST MCDE FOR CARRYING OUT THE INVENTION

A description will now be given of the preferred
embodiments of the invention with reference to the
accompanying drawings.

With reference to FIG. 1 through FIG. 5, the ink-
jet printing device in the first preferred embodiment of the
present invention will be explained.

FIG. 1 shows the composition of the mechanical part
of the ink-jet printing device as the serial printer in which
the present invention is embodied. FIG. 2A, FIG. 2B, and FIG.

2C are diagrams showing the recording head unit in the ink-jet
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cross-sectional view of the nozzle part, and FIG 2C
is a diagramshow ng the arrangenent of the plurality
of nozzles on 5 the nozzle plate. FIG 3 is a diagram
for explaining the way the recording head unit

di scharges the ink drops to the paper. The ink-jet
printing device of this enbothGrent conprises the frane

; j ai t carfi .and_.th
Briieieg USAeeE Vst Rt ¥ SO ii¥rten g el dGran
onstructed horizontal Ly across the fr, .. The
%é???%bg%f W:§3ﬁn5gﬁ?§d%ﬁ%ﬁ@%?iduP§”t 3%gu%&elFa?Pseﬁlarged
and 3 so that _the novenment of the carriage 4 in the
HIEcGToRglc ¥t ey By e negFlEvERYTh F1Gj.g2C is a
ossible. The printing head 5 is carried on the
I#graqy s hewinhe thevenemoehientheo L dihel gderdlinyt hé 46zzles on
direction of the arrow Ais driven by the power source
hwhinctz z lies plateshoMny, 3Iuth asiidyratror. ekheapapPRf the way
(recording paper) 7 which is the printing nmediumis

fHaceEeiagt Readuihder hessch HigANd HNE nRARCERE LS the paper.
received by the platen 10. The platen 10 i s equi pped

wth the 2 eedin - ' i_S -0 d r ough

the drive gggrggkaﬂ%%q§ﬁ3%2%¥%@k§?i§%§? Sﬁ%§ ?%%Op%%%?t
source which i.s not, illustrated. .Conyeyance of_ the .
EIEASTCRE ERRRL Ui A Erdd ooy HRE gr /6P BoRRELage 4,
FIG .1 is allowd by the pressure roller 11 while the
ﬁﬁﬂxﬁhe7ﬁr§n56ﬁﬁr€§§%d5betﬁhﬁﬂgqqﬁ? pirddsSureapsg Popfrer

11 and the peripheral surface of the platen 10 under
copptyuedsdr acripovhel Inkagrasprihet ifrgmeeti. ceThé thrsiage 4
enbodi nent

is movably connected to the guide rails 2 and 3 so that the
movement of the carriage 4 in the direction indicated by the
arrow A in FIG. 1 is possible. The printing head 5 is carried
on the carriage 4. The movement of the carriage 4 in the
direction of the arrow A is driven by the power source (which
1s not shown), such as the motor.

The paper (recording paper} 7 which is the printing
medium is placed onto the guide board 6, and the paper 7 is
received by the platen 10. The platen 10 is equipped with the
feeding knob 1l0a which is rotated through the drive gear 8 and
the sprocket gear 9 by the power source which is not
illustrated. Conveyance of the paper 7 in the direction
indicated by the arrow B in FIG. 1 is allowed by the pressure

roller 11 while the paper 7 is compressed between the pressure

roller 11 and the peripheral surface of the platen 10 under
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the novenent or scanning of the printing head 5
(carriage 4) is carried out in the main scanning
direction (the direction 5 of the arrow A) while the
conveyance of the paper 7 is carried out in the
sub-scanning direction (the direction of the arrow B)
so that the ink drop is discHdrged fromthe printing

c.and an image is printed on the paper 7. A
description will be given of the carriage 4, the 10
printing head the ink suppl.y system etc,,in the .
follomﬁng.gnTﬁ€é0%$$i 9 Qfﬁd%%§ u%ﬁﬁéghmf%ht?h% eébOdlment'
t&&Lntin%ﬁhead 5. The printing head 5 conprises the
Yk IPEERBAIST WAT R EA 13F TR Amietdrgchgrgi pgledriirge 4)
ink drop of each of the colors of yellow (Y), cyan
YsCrarpageneat (M el ™t lkeqBR)ingedpaericveny (thé dndection
the plurality of ink discharge outputs are arranged in
afhehel akrpet Ahewldsle ntidecalivegahicen ofhichd b&per 7 is carried
perpendicular to the main scanning direction, and the

Jigadnd the BOUR§E€EnMIAd dhecdideqithena@tcbhecdi SENIS rrow
of the ink drop being the downward direction. In

Fddict ikaa rtﬂ@ S RSPELSE Vs 1Y c%%rr{g%idd e3mf Ph Zé’ inti a5
suppl yi ng the |nkp(g]1‘c Iseaﬁw color to t%e pri At | Enﬁe%\%gglea
a%eanngﬁgtgdion }fﬁ q@ngi %54 in_such a manner that
E?%ey are gexcﬁé%geé%?e.lkh | FRPEAr ridge is provided
at the top.with the  air qQutlet open to the .
at nospher e® IRCPIRVTedidtl OReIBgEPoRT DBEevFaFriamge 4, the
i nk supply outlet for supplying the ink to the ink -
prantapghbaddi hsides THe' suRpd vc systedgeetont & nkhe hepllowing.
porosity object inside, and this porosity object being
filled wiThetbterriage 4 is equipped with the printing head 5.
The printing head 5 comprises the ink-jet heads which carry
out the discharging of the ink drop of each of the colors of
yellow (Y}, cyan (C), magenta (M) and black (Bk) respectively,
and the plurality of ink discharge outputs are arranged in the
ink-jet heads in the direction which is perpendicular to the
main scanning direction, and the head 5 is mounted with the
direction of the discharge of the ink drop being the downward
direction. In addition, the respective ink cartridges for
supplying the ink of each color to the printing head 5 are
mounted on the carriage 4 in such a manner that they are
exchangeable.

The ink cartridge is provided at the top with the

air outlet open to the atmosphere, and provided at the bottom

with the ink supply outlet for supplying the ink to the ink-
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ink. The ink of the ink cartridge being supplied to
the ink- jet head is maintained at a slightly negative
pressure by the 5 capillary tube power of the
porosity object. Mreover, the printing head in the
present enbodi nent is constructed usi ng the separate
i nk-j et heads of the i ndi viid#al col or conponent i nks.

. th P 0

L R e e LU G008, TR RIS 0P Bty

ng ich_caryies out the discharge,of I, nk,
3Pgﬁﬁ'ﬁn§ ﬁ C%P% {htﬁnﬁ yéo DT h engn%tﬁbe%é%&Fh the
(ink-jet head) 5, the ink is pressurized and the ink
id¥op rTélemaaté pE e Mok g5 o pelegestPpiiadi €0 tifie ink-
which is made to carry out 15 di splacenent of the
jéitapieedgisandivheined auta islkghilysseghzaveopreéysthe by the
static electricity power between the diaphragm which
dapritd atrfye thbgupewehadbethss Woraca t§f objwakl by
el ectro-nechani cal transducers, such as the

pi ezoel ect frbgeofbMBMe NG iokThebRe R %Ké%ﬁéééﬂ@' ty
type or the ink 20 passage surface of a wal

ﬁ\%n@.u&s' Qgggtﬁgéy%a (atthteh%%ggt?atgeﬁgtﬁ@{ ¥Wlas of

el ectro COUﬂ ers t can

tﬁﬁ B P ST arT M B0 dEtPrc (JPE-PARLTELY home

Is 25 used. -23 As shown in FIG 2B, the printing
Rfe&F150 Beag BIY dedl SRnTiHatCtark afo PPPeBRE! OMEOF Htion which

which the plurality of
has the nozzle sequence which carries out the discharge of the

ink drop of each color.

Furthermore, in the printing head (ink-jet head) 5,
the ink is pressurized and the ink drop is made to form.
Although the electrostatic type which is made to carry out
diéplacement of the diaphragm and carries out ink
pressurization by the static electricity power between the
diaphragm which forms the liquid-chamber surface of a wall by
electro-mechanical transducers, such as the piezocelectric
element, and forms the piezoelectricity type or the ink
passage surface of a wall which carries out ink pressurization
through the diaphragm, and the electrode which counters this
can be used.

In the present embodiment, a description will be
given the case in which the pilezoelectric type ink-jet head is

used.
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nozzles 15 are forned is attached to the front surface
of the 1iquid-chanber form ng nenber 13 which forns
the liquid 5 chanmber 12. By giving the pressure to the
ink in the liquid chanber 12 by the actuator which is
the energy occurrence unit by the piezoelectric
device which is not illustratéd, the ink in the
i quid chagpe S a he.ink_dr 16 fr the
10 nozzl e %g o?&%%éﬁ%ggg%é%%’a&gelgflgﬁgg ?h%% 5
adheres to the aper 7 as a dot. At this time, the .
RHGSCES PnbOsF sCb TRAHI Sy o il Hg EeF B PTG Py THE Y of
actuat or which gives the pressure to each |iquid
rgssr Lp2aresfennediss mhitagheg Headhs, fraptpsurbi¢e yof the
of nozzles 15 constitute the plurality of dot
Figraiet-chambrict Sormimy timenbese duiembe chndzzine skequbehge)d
of the nozzle 15 is nmade to intersect perpendicularly
dranidee: mai.n scanni ng direction, and the pitch between
the nozzles 15-15 is represented by 2 x Pn. 20

Moreover, Bheqnpzzl es O N HRCeLdiAg BERAI AN e 1iquid
arranged in"two sequenceés wth the nozzle sequence

' ce,L [ hifting,. bei.ng.configured .
HHRRC 2 b bhe PR e sto 8 B ehEES T orrurrmee nit
seqguences Pn, and.the nozzl e, sequence of _.the two ,
e o Ee7ERNCF OF 1 tFRVTGFgBHiGR (o DBt AHIDSCRRLSS, (e ink
Sub-scanning direction by one scanning and the feed.
U1241hlﬁbr1é€9ég, chaleeriek? txp @S psoirhet Rekndyepeht Bfom the
scanning of the carriage 4 in the main scanning
dizzdet ilOnoft ke nozzle plate 14, flies, and adheres to the

paper 7 as a dot.

At this time, the desired image is printable by
driving selectively the actuator which gives the pressure to
each ligquid chambexr 12.

In this printing head 5, the plurality of nozzles
15 constitute the plurality of dot formation units, and the
sequence (nozzle sequence) of the nozzle 15 is made to
intersect perpendicularly to the main scanning direction, and
the pitch between the nozzles 15-15 is represented by 2 x Pn.

Moreover, the nozzles on one recording head are
arranged in two sequences with the nozzle sequence distance L.
It is shifting, being configured alternately and using the
nozzle sequence of the two sequences Pn, and the nozzle
sequence of the two sequences can form the image of the pitch

Pn in the sub-scanning direction by one scanning and the feed.
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drive pulley driven and rotated by the scanni ng notor

and the follower pulley are connected together by the

timng belt, and 5 by fixing this timng belt to the

carriage, the two-way novenent of the carriage is

carried out according to the forward or reverse

rotati on of the scanning not@®4— On the other hand, in

order to c e p t. . Q e [ board to

t he printig%¥gé¥%beP$H§£%%$n? ﬁ%rh ag,g!ﬂ %ﬁetﬁ§¥%m%?% or
rovi.ded t feed roller and fricti.on pad which, ,
TV A Bafer - f78m " U 4o PGanphBTgHi-geCtion, the

menber _which gui des the conveyance of the paper, the

ok PcEY ASLVER ARf cRotdrdyy the sepapingonrtae and the

feed roller, and the tip roller which specifies the

el lorery randey efet henpaperd Itodatdmrt by tbaRveyahcg belt, and

roller forced on the peripheral surface of this

Igomieyiancehtiel kehiagdbée €Oy aaee ikokl, ethe ThRo-way

conveyance roller is driven and rotated by the feed

ddtdint RIrowdR Lher 988k iéEﬁdkri@%ﬂo&@eaEE@EQEn?O£$e{he

is configured in order to guide the paper seni out

faﬂmgoh%éqe@,g@xgyggg?ﬁ%{@ﬁ | &F G fs%sa%%ﬁg,gngo g the

successi ve range o maln scanni ng drrection of
the carriage % t he $rinth§g.part of the printj

n
head (gui d&¥. “BEr HerTotddat™™ REIGEWHSt F8 ﬁ?%a??gd?aper set
the printing receptacle in the paper conveyance
P . i der Reagdnvey R T - ing Pertwhifc khsPrdRhieg head,
and driven in order to send out the -25 paper in the
Hjeast isgre direwédednthanteedherslpiar ang drienged. pad which
Further arranged are the ejection roller for sending
dritividie the paper from the guide board, the guide member
which guides the conveyance of the paper, the conveyance
roller which conveys the paper from the feed roller, and the
tip roller which specifies the delivery angle of the paper
from the conveyance roller forced on the peripheral surface of
this conveyance roller and the conveyance roller.

The conveyance roller is driven and rotated by the
feed roller through the gear train. And the platen roller is
configured in order to guide the paper sent out from the
conveyance roller corresponding to the successive range of the
main scanning direction of the carriage to the printing part
of the printing head ({(guide).

Furthermore, at the downstream part of the printing

receptacle in the paper conveyance direction, the conveyance

roller which is rotated and driven in order to send out the



10

15

20

25

paper to the ejection tray, the spur, the guide nenber
for securing the ejection course of the paper, etc. 5
The printing head is nade to drive according to the

i mage signal at the tinme of printing, noving the
carriage 4. The ink is breathed out in the stopped
paper, the one line is prinmt4dd; and the follow ng

' is i_n t er_afte predet er m ned
R 1 Pl e 2 | 5 BP0 i, 4 BREOE PR Rgangea.
ﬁn , Qy receivin% t he printin%bend signal or the

w%m WA ATEhEN B atie entP o o life fapePeRAtRYeaut the
at the printing region, printing operation is
R39H &t éeardeFhéopaperYi stifeldnper.edheo orhdepapaper for
Moreover, in the position which separated fromthe 15
gEdurtingg thegiedrcbyob hecsrsie of tthwe tapensf etcdi recti on

right end of the carriage, the recovery processing

devi ce whi ghel frifioind |hatsd riad ethdeOkof 6eOVEr hB8otHeng to the
poor discharge of the printing head is configured. To

1y d @AQYRNY R’ 0GESEINY W Lhitidy NaRvilg €AR c2Priage 4.
unit, the suction unit, and the cleaning unit. Duri ng

']H’[é '?Ltr{ﬂqg_ssﬁﬁ'gngXedl Em ;f::?;%lger Sstaot ptre]agi %}a’btee%gvﬁéédo?% line is

processi ng evice si cappil

carried out, wyth t cappihg unit, .and the carriage
T ey S ThE BOOLOTHRS ks idr G 18y Fnfodr Jhesabgr after
mai nt ai ni ng di scharge outlet at 25 the hum d state.
RIFGlaSEEGPEr, AB§NEAEY yFVUANGhe di scharge of the ink
which is not related to printing in the mddle of

printing At the time of the printing end, by receiving the

printing end signal or the signal with which the back end of
the paper arrived at the printing region, printing operation
is terminated and the paper is delivered to the paper.

Moreover, in the position which separated from the
printing region by the side of the transfer direction right
end of the carriage, the recovery processing device which is
not illustrated for recovering the poor discharge of the
printing head is configured.

To the recovery processing device, it has the cap
unit, the suction unit, and the cleaning unit. During
printing standby, it transfers at this recovery processing
device side, and capping of the head is carried out with the
capping unit, and the carriage can prevent the poor ink
discharge by ink dryness by maintaining discharge outlet at

the humid state.
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etc., the ink viscosity in all discharge outputs
becones fixed, and the stable discharge performance
is mai ntained. 5 Wien the poor discharge occurs, the
di scharge outlet of the head is sealed with the
capping unit, air bubbles etc. are sucked out of the
di scharge outlet with the iwth the suction unit

t hrough thg | t ube, the .ink, .garbage tc. .
adheri ng tgok g{?%llrSt:{?%r%aerrgdﬂgetoufta%éeag%siﬁa’f%%%dthe ink

/ %Ce cl eani ng uniit, and the poor discharge i's o
“?é& éfedOTNBFERTEY, T RF s tidd TRk Mieddene  tir deing
consuned ink tank (not shown) installed on the main
P&r-t- BOHEt 6RK Hh8CoabsOr ek bhdlisethairged obyrvhe bekomes fixed,
absorber inside the consuned 15 ink tank. FIG 4
ahiowhet beablactisnahrgonposidinemoef ishmahoséinednput er
and the ink-jet printing device. As shown in FIG 4,

the printinpeflevhés epdr tdisdi=a3RNbeeaRadi aRAt di Scitge
provided wth the function of generating the dot

RANLSr Braghahbyq20s PEd Nt ed i H Q3ROBSBLE At B ia?[ 0

0
command of the character or 1mge drawng. T i's,

L co nd_fromthe |ication_soft e .
R B CRe PaCt AT o e WResBRaEs SHE I Fanicn the
river incorporated as the software in the host

print
JE%LQ&Fnghﬁnau?Eé? e T FiEatBretnEupei ntihigink,

25 dot pattern, and such data is transmtted to the
gFrbagengete7 déieengota Hdte Heopairgei aytietpbatoramsl.
Specifically, the print command of the character or
removed by the cleaning unit, arnd the poor discharxge is
recovered.

Moreover, the attracted ink is sent to the consumed
ink tank {(not shown) installed on the main part bottom, and
absorbed and retained by the ink absorber inside the consumed
ink tank.

FIG. 4 shows the functicnal composition of the host
computer and the ink-jet printing device. As shown in FIG. 4,
the printing device of the present embodiment is not provided
with the function of generating the dot pattern actually
printed in response to the print command of the character or
image drawing. That is, the print command from the
application software executed on the host computer is
processed by the print driver incorporated as the software in

the host computer, and rasterized to the data of the printing

dot pattern, and such data is transmitted to the printing
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i mage drawi ng fromthe application or the operating
systemin the host conputer (for exanple, the command
in which the 5 position, the thickness, the form etc.
of the line to be recorded are described, or the
command in which the font, the size, the position of
the character to be recordedZ7etc.) of the character

j S.stored. te rarily .i.n the draw n ata menory. In
dFaRE 5R, hRBLEhE Hnhia i FE3EPMed™ b The sheci i

10 print Iangu,gg. The command stored in the draw ng

dat a nmenor YPFSIE3GR¥Er ey PRy PiEhEOTB_RE PZ ekhe |ghggacter or
is the coomand to print aline, it is transformed

Imgge dravpronfrem dw gratltieatioacesr ghagoperahing system in
position, the thickness, etc. of the Iine 15 which are
thpetiokitedobyutde Commendhmglfe ,i tthies colmandmmnéhich the

print a character, the outline information of the

peeiftespondhagtehaaed £ tre G@ldmed ekbOMmoEhend oine to be
outline data stored in the host conputer, and the

RebhlRe LPEosIBLL O] S off 3RS iR ﬁlhowﬁ}quh PLADLENG:  the

dot pattern according to the 20 size and the position

of the,character which are specified the co nd.

S a8 B m oY ey ST BEre s 0 BY FrotRSy derer of
data_nenory. At this tinme, the host conputer functions

5 CHALREFES olf RLRBMERIOR ST RAYoUR| ERE FFFGMRIGRIR memory .
into the data 25 of the printing dot pattern by using

IohadRAshANr eBlhafry utamandsg drgt deserabedhin belse cspecific
printing position. The printing dot pattern stored in
prhetr dshgpnadata nenory is transnitted to the

The command stored in the drawing data memory is
interpreted by the rasterizer. If it is the command to print
a line, it is transformed into the printing dot pattern
according to the position, the thickness, etc. of the line
which are specified by the command. If it is the command to
print a charactex, the outline information of the
corresponding character is called from the font outline data
stored in the host computer, and the outline information is
transformed into the printing dot pattern according to the
size and the position of the character which are specified by
the command. Such rasterized dot patterns are stored in the
raster data memory.

At this time, the host computer functions to

rasterize the command or the outline information intc the data

of the printing dot pattern by using the known rectangular
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ink-jet printing device via the interface. FIG 5
shows the conposition of the control unit of 5 the
ink-jet printing device of the enbodinment 1. As shown
in FIG 5, the control unit of the ink-jet printing
device conprises the printing control unit 18, the
head driving unit 19 which ddi8es each actuator of the

inting._h t he carriage drive control unif, 20
Bl Be BB, Bas o SR RS et S or ThRePERR H G0t
4, the line feed drive control unit 21 which carries
R5it St Re SEGE S &R HrE VIS oAt Re MMarEnifotrangmi Heed to the
data-processing unit 17. The printing data sent from
e JRds Prébipug efeysce stioy ddg Antisafpget er data nenory
(which is not illustrated). 15 After the
pr edet er m F&d. dat shows rdceiosaghostihéont of etheredittrgl unit of
data is supplied via the data-processing unit 17 to

fHee ihgad etdpkVhBongiNddvil® SF that ehbedinkndrop is
di scharged fromthe predeterm ned nozzle outlet 15 of

the printigg beag 5 pased an I%Q?ceﬁggggngnggtofkﬂﬁﬁ %Fk—jet

the i mage according to the printing ata Is printe

e h [ .th i .of _th
;%ﬂg%gﬁgggggécghcé% %15%5%%%3%%ﬂ%ﬁé%ggﬁgﬁg%gikgﬁ%g 1&,%im

é conveyan

sub-scanning) is controlled through the Iine feed
h&ﬁ%@ﬂ&faﬁ?rﬁvlﬁnﬁ Wi Ghf e sn6eehe APt BRLPReOT the

carriage 4 (the main scanning) is controlled through
netéanr hage dri e comtricioe 2B lysi cororol Poiwneh wikech
printing on the plain paper is perforned by the

eamiest bohatirivkag etompriait iofg theviceerisgeet al themlee feed
drive control unit 21 which carries out the rotation driving
of the platen 10, and the data-processing unit 17.

The printing data sent from the host computer is
stored in the raster data memory (which is not illustrated).
After the predetermined data is received, the stored printing
data is supplied via the data-processing unit 17 to the head
driving unit 19 so that the ink drop is discharged from the
predefermined nozzle outlet 15 of the printing head 5 based on
the printing dot data, the image according to the printing
data is printed on the paper 7. At the same time, the
rotation of the platen 10 or the conveyance of the paper 7
(the sub-scanning) is controlled through the line feed drive
control unit 21 and the movement of the carriage 4 (the main

scanning) is controlled through the carriage drive control

unit 20.
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qual ity problens peculiar to the ink-jet printing
arise, such as the color-reproduction characteristic,
the durability, the 5 light resistance, the ink
dryness characteristic, the character bl ot
(feathering), the color boundary blot (color
bl eedi ng), the doubl e-si ded 4 ting characteristic,
etc. of t ' : .t h Lghs
printing oﬁﬁﬁhgﬁggl%f%ﬁ%ggégy{gﬂgh ??éé gagégi%gﬁéggformed
very difficult to-satjsf 10. al.l_ these .
B P BPT BT A ho Tt R TS CoVRSHr y SEEEER hmage
the ink-jet_ printing contains the water as the mgjor
FpdHe REOPLRES E%FB?Ja?’FE Laridia Hewdeti R§1BGERTsarsseh such
as glycerol, for the purpose of prevention of
&f dg@ g§lorsraprefdectivnreimraatvaristice the dyeabhndity, the
the pigment. And the dye based ink is conventionally
Liggdt iresiwmmyncaseshé oink tdweyrenisorchpastbroptibe teason
that the outstanding coloring characteristic and
HaaRidtelry bAbe AEGHEREE: ndoVeMRY cdifort B%u_hasg};,dbﬂst (color
paper only for the ink 20 jet printing in ich

ity h e 1iaht. resi. :
R e e R e

.hferiar to_the colorant .to the thing using the .

O aEeEeanar bEPERRES A b aePaRa Ry b ting on the
specially about durability is used, although it wl|

pg@&ﬁnﬁ’aﬁéésilﬁl EAFBLEE Rt dfcert MiekY29idfdaRttoko satisfy
i nprovenent, when the plain paper is used, it is - 30

gldmisiesehaharecterhdtiehat which may be satisfactory.

Then, in order to inprove the problemover the
Moreover, the ink commonly used for the ink-jet

printing contains the water as the major component, the
colorant, and the wetting agents, such as glycerol, for the
purpose of prevention of clogging.

As the colorant, there are the dye and the pigment.
And the dye based ink is conventionally used in many cases for
the color part from the reason that the outstanding coloring
characteristic and stability are acquired.

However, if the recording paper only for the ink
jet printing in which solidity, such as the light resistance
of the image obtained using color system ink and durability,
is inferior to the colorant to the thing using the pigment and
which has the ink absorption layer especially about durability
is used, although it will become possible to aim at a certain

amount of improvement, when the plain paper is used, it is
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color systemink in the case where the plain paper is
used in recent years, exam nation or utilization is
carried out for 5 use of the pignent systemink which
uses the organic pignent, the carbon black, etc. as
the colorant to the plain paper printing. Since the
pi gment does not have the sol3fbility to the water

ke l o, 4 mxes.and _carries out 10
R R e R e R e e
di sper sant and,is used for, the water as water ink in
the state WASPe ‘Rt Y diSpdlSiOss tEecRFPPLEM oRYST the
CGeneral |y, using the pignment allows the |ight
FENTS SYFE8Ma bR WA eE R ST irfedife st PLaiberabesi hedused in
However, 15 it is difficult to satisfy the other
navEgd (yealst yeghaiaet son st ostidiimalttianeduskbyrried out for
Especially, it is difficult to obtain high quality
usengd abacenymnaht oflys et firtd eMichC@lseki BBe organic pigment,
characteristic, color-reproduction characteristic,
1L caBBR SAREN| NGrOUtad Nedi GNoReed B kALI PY- 00 thSer
pl ain 20 paper. There have been still the I nmage

[ problens that are not fully satisfactory,
éﬁﬁaﬁléé'the character blot, the color boundary blot,
the doubl e-sided printing characteristic, the jnk _,
dryness chﬁ%%%?e?$%n9 Kide§Sc RREaPEBR ERf cFOoluhility to
description will be given of the conposition of 25
e VAR T aB B O BE nERe oFe Y prisdBitl Vi ndEnTEBAS Thd ¢akries out
drop -31- according to the present invention enploys
thiee dpsitarttbnged nkroods sindast tihe fpdloenicngitbnposi digmersant,

and is used for the water as water ink in the state where
stable dispersion is carried out.

Generally, using the pigment allows the light
resistance and waterproof improvement to be obtained. However,
it is difficult to satisfy the other image quality
characteristics simultaneously. Especially, it is difficult
to obtain high gquality image concentration, sufficient
coloring characteristic, color-reproduction characteristic,
etc. when carrying out the high-speed printing on the plain
paper. There have been still the image quality problems that
are not fully satisfactory, such as the character blot, the
color boundary blot, the double-sided printing characteristic,
the ink dryness characteristic (fixing characteristic), etc.

A description will be given of the composition of

the ink according to the present invention. The ink drop
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That is, the pignment is used as the colorant for
printing, and the solvent for deconposing and
distributing the 5 pignent is used as the
i ndi spensabl e ingredient. And the wetting agents, the
surface active agent, the enulsion, the antiseptics,
and the pH adj ust nent agent'éEG‘further used as the
999! T n .ng_agent 2,
a ertr%l}é dtgeggﬁ\é\g}%%é}g%s y é%]ogls% mgi? ycatr%k% BN “ink
aS|I 10, and the respectlve features of the

R FG 555t EOLMAHES TR Narel v, the. | nk
accordlng to the present invention is essentially
conposed ofhehels ol Hniligmeardndsmt 8sed) asotheoyolguynt for
Pigment (self-dispersibility pigment) wo or nore;
PISRivet t Bng dgensollyer(i3)fwet tdawpregenng2and distributing the
(4)Wat er - sol ubl e organi c solvent; (5)Surface active
HgeRnhtofi sankeai &s ofthdomdinigendipiRe in6)rBak st . orand the
gl ycol ether with the carbon nunber of eight or nore;

WeERY 85eRts f 81 ARt & $LALAL S tiVP H @A USLABNEMROEMn, the

25(10)Pure water. -32 Fbreafter each of the elenents

S BB B0 10 ARSI AR HID AL B o
éﬂéygﬁggtives. The wetting agent 1 and the wetting agent 2
are mixed because viscosity adjustment can be performed easily
and the respective features of the wetting agents can be
harnessed. Namely, the ink according to the present invention

is essentially composed of the following elements (1) to (10):

(1) Pigment (self-dispersibility pigment) 6wt$% or

more;
(2) Wetting agent 1;
(3) Wetting agent 2;
{(4) Water—soluble organic solvent;
{5) Surface active agent of anionic or nonionic
type;

{(6) Polyol or glycol ether with the carbon number
of eight cr more;

(7) Emulsion;

(8) Antiseptics;

(9) pH adjustment agent;

(10} Pure water.
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and the organic pignment may be used without limting
the kind 5 of the pignment. The exanples of the

i norgani ¢ pignent used may include titani um oxi de,
iron oxide, and further include the carbon bl ack
whi ch is manufactured by usi % the wel | - known

met hods, such as the contacti’#g nmet hod, the furnace

net hod, $g¥%QE%é§“”égﬁh @%tﬁ%% eigggg£govgr the]%he

exanples 0 e organic p nment” use

azo nme for exa azq | ake soluble azo
Bigranie Ehn é%s%{% St "LihePa ebrsncd.

pi gnent , etCHéi the nulti-ring type pignents (for

exanpl e, pht HePrrSHHINE YiegRepmenfer Yhentngrgaris pigment
perynone pignment, 15 anthraqui none pignent,

agqdi aer bdgaeipigmnt dicgx &El meegi gikhont 1hhotiwy gthe kind
pi gnent, iso-indolinone pignent, quinophtharone

qfl gienpighest), Tihe dyenikel atfeshel OhoeyanDt epididnt used
basic dye type chelate, the acid dye type chel ate,

r@&Cihc1hh8 P ELQiuP QIRIY S .3 e R BEOSQnRI 8RBALSy {418 ude

ani line black, etc. 20 According to the preferred

t h t
t%%?%%%ﬁggebgg %2?#%. V&pg+#%ufa%%%r8%h£ eégha oF n &Ell known

f bl d. .Th o the ment used
RERg8r  ABFY Th T GRS Irico T68nP8 . 167 Erf Gt dhethod.,

and nore preferably, 1 microneter or |ess, and 25 nost
apfefBrabhyrmal IeHi*d ometers or |less. 33 The anount
of addition of the pignent as the colorant in the ink
i s desirabflgréegveathe ttengeagiplaboot Bheoor@¥pdypigment used
wei ght, and nore preferably in the range of about 8 to
may include the azo pigments (for example, azo lake, inscluble
azo pigment, condensation azo pigment, chelate azo pigment,
etc.), the multi-ring type pigments (for example,
phthalocyanine pigment, perylene pigment, perynone pigment,
anthraquinone pigment, quinacridone pigment, dioxazine pigment,
thicindigo pigment, iso-indolinone pigment, quinophtharone
pigment, etc.), the dye chelates (for example, the basic dye
type chelate, the acid dye type chelate, etc.}, the nitro
pigments, the nitroso pigments, the aniline black, etc.
According to the preferred embodiment of the
invention, any of these pigments which have a desirable
affinity with the water is preferably used. The grain size of
the pigment used is desirably in the range of 0.05 to 10

micrometers, and more preferably, 1 micrometer or less, and

most preferably, 0.16 micrometers or less.
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12% by weight. 5 The follow ng are nentioned as the
exanpl es of the pignent preferably used according to
the present invention. The exanples of the black

pi gnment used may include the carbon black (C. |

pi gment bl ack 7), such as the furnace black, the |anp
bl ack, the acetyl ene bl ack, @3t the channel 10 bl ack,

the metal sq su 0 i.ron (.C, t_black
11), and t| %n?ﬁ%€%§l%ﬁné &loﬁe°% %ﬁ.%gﬁgaﬁgﬁ?% thie

the _aniljnge gl ment black 1)
%931% LN LY eoﬁrl&quech&Po §%ﬂ?s°ﬁa§,bout 6 to
i nclude the C. I. pignent yellow 1 (Flrst yellow G, 3,
20% bysvepphiy| @@l@ fe¥e G SFPTESAW) in1ghe1gangy obpbat 8 to
35, 37, 42 (yellow iron oxide), 53, 55, 81, 83
wﬁmkﬂaweﬁghyellow HR), 95, 97, 98, 100, 101, 104, 408
109, 110, 117, 120, 138, 153, the C. |. pignment

oranges 5, TR3, fdblovihg e #2ntIbnelihgsCihe o of the
red 1, 2, 3, 5, 17, 22 (Brilliant first Scarlett 23,

P%-%(Teﬂ%ht ﬁgefégaglépﬁé@%ofﬁ%gz%o( ?ﬁ)e) pré8egt J.nveantlon

nent red (cal cium Per manent red

1 DD et ity g

ﬁ%? % Eﬂ nlne 6G | ake), 83, 88,101 (lron oxid
d)car 62, 106, T 1R FERIPdALFed) / mh 33 4the prnace
&qU|nacr|done magenta), 123, 146, 149, 166, 168,

17pe igmp bhuck7ghe ppetygsnel hhacko3andoghe xignnel
the C.T. pignent violet 1 (Rhodamn e |ake), 3, 5:1,
Mieck19th23me88] st heidd las micgpent, ilbboe (¢, 2, @Whgment black
(Pht hal ocyanine blue R, 15:1, 15:2, 15:3
11), and titanium oxide, and the organic pigments, such as the
aniline black (C. I. pigment black 1}.

Moreover, the examples of the color pigments may

include the C.I. pigment yellow 1 (First yellow G), 3, 12
(Diarylide yellow YT 553D), 13, 14, 17, 24, 34, 35, 37, 42
(vellow iron oxide), 53, 55, 81, 83 (Permanent yellow HR), 95,
%7, 98, 100, 101, 104, 408, 109, 110, 117, 120, 138, 153, the
C.I. pigment oranges 5, 13, 16, 17, 36, 43, 51, the C.I.
pigment red 1, 2, 3, 5, 17, 22 (Brilliant first Scarlett), 23,
31, 38, 48:2 (Permanent red 2B (Ba)), 48:2 (Permanent red 2B
(calcium)) 48:3 (Permanent red 2B (Sr)), 48:4 (permanent red
2B (Mn)), 49:1, 52:2, 53:1, 57:1 (Brilliant Carmine 6B), 60:1,
63:1, 63:2, 64:1, 81 (Rhodamine 6G lake), 83, 88,101 (Iron

oxide red), 104, 105, 106, 108 (Cadmium red), 112, 114, 122

(quinacridone magenta), 123, 146, 149, 166, 168, 170, 172, 177,
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(Pht hal ocyanine blue E), 16, 17:1, 56, 60, 63, the
Cl. 5 pignent greens 1, 4, 7, 8, 10, 17, 18, 36, etc.
In addition, the surface of the pignent (for exanple,
carbon) is processed by the resin etc., and the graft
pi gment which is dispersible in water, the processed
pi gnent which is dispersiblé4mn water with the

ﬁﬂpcﬁlgnahggroygé f%?h:ﬁﬂaag% QLE thg&ous}%%%n%fv%?%gt 1

caﬂboxyr group; ar'e’ ad

nt f a carbon) my be_used Nbreover
&ﬂgﬁﬁ$ﬁpé g 58? ngh'%ﬁl1§iﬁa&@fté3coﬁ§alﬁh?h% bi geregrent
such t hat the pi gnent can be di spersed in water nay
Harquded 2 1S5Aé81@tlaa1c@cx@mﬁe st & redSehbolb n2nt 13
the invention, it is desirable that the pignent for
(Hhatle lioglyaande bhee diilsperGarit7 :dr,e S&ddéd, t 631 hehe nk. Bs
the pigment dispersion liquid which is made to
dligsrers grebaspignentyj g | e water 1gnedsunetdhe
desi rabl e exanpl e of the dispersant used may be 20 the

known di spef sk 418y dits el fralke EtJfUEhéng @E&%n%

pi gnent dispersion li'quid. The exanpl es o

eqla?@ﬁrSI %nrgoggl d l'ls’edcensl,a dhI 31?')1/:] %erte‘glgpgol:ég\fm ?19% the graft

acrylic a
aC|d acr Ionltrll oI vinyl acetate 25 acrylic
P%F CRopdl § h%@e %&ﬁ%ﬁl%? &@F&faoF?P.Er%%?%ﬁ%ﬁwgﬂgment
-35 ester copol yner, styrene acrylic acid copolymner,
wWriphede JAEPRESHIS cin a8 T opdhy rbe, TengtépRahcgydirs, such

acid-acrylic acid alkyl ester copolyner, styrene
aetsivddopki gravp dencradbacydcigltoup, which are added to the

surface of the pigment (for example, carbon) may be used.

Moreover, the microcapsule which 1s made to contain
the pigment such that the pigment can be dispersed in water
may be used.

According to the preferred embodiment of the
invention, it is desirable that the pigment for black ink and
the dispersant are added to the ink as the pigment dispersion
liguid which is made to disperse the pigment in the water
medium. The desirable example of the dispersant used may be
the known dispersion liquid used for adjusting the known
pigment dispersion liquid.

The examples of the dispersion liquid used may
include the following: poly-acrylic acid, poly-methacrylic
acid, acrylic acid-acrylonitrile copolymer, vinyl acetate

acrylic acid ester copolymer, acrylic acid-acrylic acid alkyl
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al kyl ester copolyner, styrene-al pha-nethyl styrene
acrylic 5 acid copolyner, styrene al pha-nethyl
styrene acrylic acid copolyner-acrylic acid alkyl
ester copolyner, styrene maleic acid copolyner, the
vi nyl - pol yners napht hal ene mal eic acid copol yner,
vinyl acetate ethyl ene copolvydfer, vinyl acetate fatty

vi nyl - y S hyl ene copol.yper inyl acetate
%%%é%ﬂ%? téygggorgﬁﬁFsﬁ%i?§5§2ﬁ§ﬂ%ﬁ%§ﬁ§9g9gﬁw Tacfyyrene
copol r.,, vinyl acetate acrylic acid_copolyner, etc. .
RO o 6°E HeCpPel ¥hvbd SrENaSAEaf ot RELO-acry1ic acid
i nvention, the average nol ecul ar wei ght of any of

g3 Hede esd@polpRel ¥Mas eds Frens ineddlapya ichecidngerptic acid
3,000 to 50,000, 15 nore preferably, in the range of

&LKA0 ets¢e30 0001 yaad, nost rempr-eflgtabing thy 1t heyrangeaefylic
7,000 to 15,000. The anmpunt of addition of the

ati 1S eIop@Nymese ds BRyehe éxpmﬁb@yua%&?rbha_t actPCic acid
pignment is dispersed stably without affecting the

éﬂﬂﬁi r—QEr&ﬂ?ciQ&f@téfﬁyl-gg%éfnao OQ}QEQG Q%gg?%%dééieic

the dispersant 20 1s desitably 1 n the ngé o

t (%:gi gﬁ ir gle .and re prefe Ly in the range.
At prelaiEs. | P Pl pde Y ReBhilntant balef oratia
the colorant to the total weight of the printing ink
FRIYERe VAREE BFCEIET S TBORBY RECGHTSTant Pl YFEtHS
size of the colorant pignent is 25 in the range of

R0y micdfoMdnELsPeVIENS iilttlams @opolyher., 38ipyjneeretate
is dispersed in water, and the dispersant is the
npEcadeD lcepul gmdi s peisyhtaddim trolcoiload cwe gttt cobo Wftheh,
is in the range of 5,000 to 100,000. If the

wialyar agelkiibea@f gaid Cacid copolymer, etc.

According to the preferred embodiment of the
invention, the average molecular weight of any of these
copolymers used is desirably in the range of 3,000 to 50,000,
more preferably, in the range of 5,000 to 30,000, and most
preferably in the range of 7,000 to 15,000. The amount of
addition of the dispersant used may be in such a range that
the pigment is dispersed stably without affecting the effects
of the invention. The ratio of the pigment to the dispersant
is desirably in the range of 1:0.06 to 1:3 is desirable, and
more preferably in the range of 1:0.125 to 1:3.

The ratio of the pigment used for the colorant to
the total weight of the printing ink i1s in the range of 6% to

20% by weight, and the grain size of the colorant pigment is

in the range of 0.05 micrometers to 0.16 micrometers. The
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sol vent containing the pyrolidone derivative,
especially 2 5 pyrolidone 1is used for at |east one of
the color inks, the imge quality will inprove. (2)
to (4) Concerning the wetting agent 1, the wetting
agent 2 and the water-sol uble organic solvent, the
water is used as a liquid nmediumin the ink. In order

oht ai,n _the desired h sic roperties of th
I;%EégﬁﬂqtodlSPeven ﬁnyn ngLe%In LSRRGSR o?ﬁe he
to i nprove the dlssolutlon stablllt etc t he
%&Jﬁ%&@&ﬂ% HiSRAF R othfpImel eéﬁ“déﬁ wedghbeRf wobeh is in

may include the following. It is possible to use
‘ftf}?egémﬁ@t ei- 80P 0Bl o ok YPRAM A solhfervhe bptarxEagubls erganic
plurality of solvents. The exanples of the wetting
sgonrtrs kcoamdifiagdthdepy el eforsoldarlioaaigani esgpetiventy 2-
used may include the followng: the polyhydric

mhelfigohe 3HCHs88 ebhyieneeity @le of ithet ByhePeinks, the
glycol, tri-ethylene glycol, propylene glycol,

el APURAERG 201 OLY ,19 ye. tri-propyrene glycol,
tetra- ethylene glyco hexylene gl ycol , polyethylene

gl ycol, ropyl g coI tanedi o

1, 6- hexane zglgg ycer ?P%?g%%%gxgggghnglagent 1, the
1,2, 4-butanetriol, 1,6 2, 3 but anetri_ol , petriol; the
HHYNAAPERT 2| fBfotl et esadibl s@Eﬁaaeceﬁ%V%% the
gl ycol nono-ethyl ether, 25 ethylene glycol nono-butyl

Wﬁqﬁﬁ'lSdPSQﬁh9Eeﬁell@W5QxﬂedﬁﬂﬂblﬂSIhﬁeﬂh#I efheprder to
di -ethyl ene glycol nono-ethyl ether, di-ethylene

agvadol thandebmtyﬁepﬁmwic&kﬂpumpﬂﬂtﬁbenefgtyeoink and to
nono- net hyl et her, propyl ene glycol nono-ethyl

iRent thgneps! yhydhid Cink, and in order to improve the
dissolution stability etc., the examples of the water—-soluble
organic solvent used may include the following. It is
possible to use these water-soluble organic solvents by mixing
the plurality of solvents.

The examples of the wetting agents 1 and 2 and the
water—soluble organic solvent used may include the following:
the polyhydric alcohols, such as ethylene glycol, di-ethylene
glyceol, tri-ethylene glycol, propylene glycol, di-propyrene
glycol, tri-propyrene glycol, tetra-ethylene glycol, hexylene
glycol, polyethylene glycol, polypropvlene glycol, 1,5-
pentanediol, 1,6-hexanediol, glycerol, 1,2,6-hexanetriol,
1,2,4-butanetriol, 1,2,3-butanetriol, petricl; the polyhydric
alcohol alkyl esters, such as ethylene glycol mono-ethyl ether,

ethyvlene glycol mono-butyl ether, di-ethylene glycol mono-
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al cohol allyl ethers, such as ethylene glyco

nmono- phenyl 5 ether, ethylene glycol nono-benzyl
ether; the nitrogen- including nmulti-ring conpounds,
such as 2-pyrolidone, N nethyl-2-pyrolidone,

N- hydr oxyet hyl - 2-pyrol i done , 1, 3-

di met hyl i mi dazol i di none, epsi7on-caprol actam gamma-

tyJol ne;.t j.de cQ unds, such.as, formam de
A bR gt ra B SR Py U e, U fiethylene

nm ne conpounds such as nono-et hanol am ne,

VBN IRBP BHRE, S EATT ol BTG S HFALABS AORBOL{Fgpo-methyl
am ne, di-nethyl amne, tri-ethyl amne; the
efiiefur PrABY 4eNAgIEYRHb UMy -3l &$hers nehfaypolyhydric
sul foxi de, . sul fol ane, thiodiethanol; propylene
adadbhodaee lytaeboare, anich kb egfhiyyleareglgtol mbmo-phenyl
desi rabl e exanpl es of these organic solvents may
dttedrydetiyebhy| @ngco Ul -bedRi10dit@kbRan@he nitrogen-
pol yet hyl ene gl ycol 200-600, triethylen e glycol,

ﬂﬂdﬂ%ﬁﬁﬁb’m&l%iﬁriﬂ§xégﬁﬂdﬂdas, s 5%’%éb§f599§1£ég%%, N-

petriol °, 1,5-penthanediol, 2- yrol 1done,
thyl - 2- | done.. These e.etfective.in

Py B b €0t R S oY LRy nly -

har c&grL tic d%e to the mmi sture evaporation. The
i Sk AGC LGS S| R NPISER T REF CEBT 2P AR The
saccharide. The exanples of the saccharide used may
R vired pGEENE hethd Ny HamRpandst, hughs a8 charnapide hdl-
-38 oligosaccharides (the trisaccharide and
gttty oSacohnidele ¥y eN-dinedthgdd)foranditibe the amine compounds,

pol ysacchari des. The desirabl e exanples of the
shethy sacabab-deBandy dmicldidelit-kehghdcosfint her Fanggsthol

t he

amine, mono—ethyl amine, di-methyl amine, tri-ethyl amine; the
sulfur—-including compounds, such as di-methyl sulfoxide,
sulfolane, thiodiethanol; propylene carbonate, carbonic acid
ethylene, etc.

The desirable examples of these organic solvents
may include diethylene glycol, thiodiethanol, polyethylene
glycol 200-600, triethylene glycol, glycerol, 1,2,6-
hexanetriol, 1,2,4-buthanetricl, petriol, 1,5-penthanedicl, 2-
pyrolidone, and N-methyl—-2-pyrolidone. These are effective in
solubility and prevention of the poor discharging
characteristic due to the moisture evaporation.

The other wetting agents suitably used may contain

the saccharide. The examples of the saccharide used may

include the monosaccharides, the disaccharide, the
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fructose, the ribose, the xylose, the arabinose, the
gal actose, 5 the maltose, the cell obiose, the | actose,
the sucrose, the trehalose, the maltotriose, etc.
Here, the polysaccharide neans the sugar in the w de
sense and suppose that it includes the substances

whi ch widely exist in the natdre, such as

L - ri celdul ose,..etc.. 10 NMbreover .. the
BROSRELASPREL (e U A B e R R Rt Tl axe
Jncl ude the reduci ng sugar, (f.or exanple, the sugar
lé’lcglblﬁgﬁ)('ggﬂ@rgli"ef %C%@f@- RCRES EFPRdRrexamples of
is the integer of 2 to 5), the oxidation sugar (for
theapplesacrbarifepiaitiidiciiude Hhengderdseet Ehg mannose, the
amno acid, the thio 15 acid, etc. Especially the

frugarsal cohel rilsoskesittablaylase ,t hhe desbiabie, ertanplesctose,
of the sugar al cohol may include the Mltitol, the

ther biatl toek (. tHbecenmitetseof dhke 18aeehali ges suctd: | e
Is desirably in the range of 0.1 to 40% by wei ght,

+3RGha1B5. , 2HePhef €5abided N dihe rﬂggg,OQhQ:éol%éggé ride

wei ght. (5) Concerning the anionic of nonionic surface
iV g ent. be used wi.thout l.imting
RRo P S e il B T e 38 PRbRRES A 4 dpetuces
he anionic surface active agent used may incl ude
51 SURTOTRGR S bk LR Y CHa adBt B0E, TABHEC | BTy dife
sul fonate, lauric acid salt, -39 polyoxyethyl ene al kyl
adphercyalrdestrt c.cefHa)losmpleds - of the noni onic

surface active agent may include pol yoxyethyl ene
al kyl et heforguremx ydtehgixemplabkplf the derivatives of these

saccharides may include the reducing sugar (for example, the
sugar alcohol (general formula: HOCHZ (CHOH)nCHZ OH where n is
the integer of 2 to 5), the oxidation sugar (for example, the
aldon acid, the uron acid, etc.), the aminc acid, the thio
acid, ete. Especially the sugar alcohol is desirable and the
desirable examples of the sugar alcohol may include the
Maltitol, the Sorbit, etc.

The content of the saccharides in the ink is
desirably in the range of 0.1 to 40% by weight, and more
preferably in the range of 0.5 - 30% by weight.

(5) Concerning the anionic or nonionic surface
active agent, any agent may be used without limiting the kind
of the surface active agent. The examples of the anionic
surface active agent used may include polyoxyethylene alkyl

ether acetate, dodecylbenzene sulfonate, lauric acid salt,
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ester, polyoxyethylene sorbitan fatty acid ester, 5
pol yoxyet hyl ene al kyl phenyl et her, pol yoxyethyl ene
al kyl am ne, polyoxyethylene al kyl am de, etc. One of
t he above exanples of the surface active agents may
be used solely or the plurality of anong them may be
m xed in conbi nation. The surdfPace tension according to

ti ' i,ndex_ whi ch denotes the
F%%Sﬁ%&%%ﬁpﬁe%% é%f eéh%%ec r}ftfllﬁt 't means the
dynami c surﬁace tension for the short tinme within one
second af t eret FATRIGHAE (S FPREEPLIGNAUTTECY| 3B agent
fromthe static surface tension neasured by the
meat (RLRER PP REOXYSLIN kervu g karly sirdelodrol yarrethy fepe alkyl
the dynam c surface tension, such as the conventiona

grEESUr prdyoeyabilylevs choilsi tenoviiatityoarcddpanese,
Lai d- Open patent Application No. 63-31237, can be

9 §dxyE Ry Setid o8B QI NRASH | BYLybREE RN e (Hlkyl amine,
VVIheIny hung- board type is used to neasure the 20

Q?%tﬁyﬁgﬁéeaiﬁff'éMH&EKKEE¥ ngoha B@etﬂée§§8$e examples
i nven

i on The desirabl e ‘val ue o the surface tensio

eIIent f.i X|n har act.eri stjc and

ght%%sgakk%arac%e}Y%tl q?f S % ruﬁﬁgnsﬂg 1%, “Hhd
F@%ﬁ preferablg is smaller than 35 ml/nz. 25 (6)

Bdring Tt FRCHD| TR S1eYIRFc it *eEhéP GPPRIRAELIORMQ
car bon nunber of eight or nore, the polyol and/or
gl ycol et hBhe Siifars SomarionaklcgoRding- tol Ut corerbHas
the solubility in a range of 0.1 to 4.5% by weight in
ingeatiah i25avdegndsx Ghich denotes the permeability to paper.

Specifically, it means the dynamic surface tension for the
short time within one second after the surface is formed, and
it differs from the static surface tension measured by the
saturation time.

Although any method of measuring the dynamic
surface tension, such as the conventional measuring method
which is known from Japanese Laid-Open patent Application No.
63-31237, can be used,rthe surface tension measuring
instrument of Wilhelmy hung-board type is used to measure the
dynamic surface tension according to the present invention.

The desirable value of the surface tension which
allows excellent fixing characteristic and dryness
characteristic is smaller than 40 mJ/m?, and more preferably it
is smaller than 35 mJ/m’.

(6) Concerning the polyol or glyecol ether with the
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added so that the ratio of the content of the p olyol
and/or 5 glycol ether to the total weight of the
printing ink is in the range of 0.1 to 10.0% by
weight. It is turned out that if the above conditions
are met, the wettability to the heat elenent of the
ink is improved and the di sctf#fge stability and

CHAYERTURETOBE! b nf! S JRAL [ SheplolyB1 SIRLY 0R"BIPLo1 ethex

10 addi ti on. xane

RGP s 21 O 205 0eareeRu e (P has the. codubiging in a

degrees C) 15 The_penetrant which has the squbiIitg _
L& Andetoof - BT 1PY FTALBYh By WeitEEt aitn2Ratlegree C is
25-degree Cis advantageous in that the perneability

gdslegl gle ithaspthe vatlowt sdlaisidntept Tetbbopelydl dmsd/ox
possi bl e to produce the ink which has high
qlgromdalkithetytowthé tdiea Dtvheiigiaolofenthel pr20teagbimati®nn the
with the penetrant having the solubility in the range

1@ind@ bf- 0415%byoves aby ddigmat er 1at 135+rdegde8eotr Phat Mt the
conmbi nation with the other surface active agent. (7)

AEB%EGEBBB?t&BESGQPé .é{U éﬂeiﬁ%t %%Eﬁ@%%?aghgﬁ?oﬁgig %&fment

resin enul sion be added to the 1 nk acc I'ng

ent. _i nvention. The resin enul sion neans.t he
e R4S R S it ety ST HsRache! § crRbl by ?idhng
whose di spersion phase is one of the following resin
AregrEarant sabThite ahnp| arduiged W thedi AMRAYr @8PERE O bf
%gthispersion phase of the resin
a 1T10I1.

(6—-1) Z2-ethyl-1,3-hexanediol; solubility:4.2% (20
degrees C)

(6-2) 2,2,4-trimethyl-1,3-pentanediol; solubility:
2.0% (25 degrees ()

The penetrant which has the solubility in the range
of 0.1 to 4.5% by weight in water at 25-degree C is
advantageous in that the permeability is high in spite of low
solubility. Therefore, it is possible to produce the ink
which has high permeability, with the other solvent in
combination with the penetrant having the solubility in the
range of 0.1 - 4.5% by weight in water at 25-degree C, or in
combination with the other surface active agent.

(7) Concerning the emulsion, it is desirable that
the resin emulsion be added to the ink according to the

present invention. The resin emulsion means the emulsion
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ermul si on used may include the acrylic resin, the vinyl
acetate 5 resin, the styrene-butadiene resin, the
vinyl chloride resin, the acrylic styrene resin, the
but adi ene resin, the styrene resin, etc. According to
the preferred enbodi rent of the invention, it is
desirable that the resin iste pol ymer 10 having bot h

h 0 nd.th dr gphobj ¢ rt ion.

?Sso%%%%%%%foﬁhﬁ%%e st Ao bEsr Rl B Sfsion

mted as Io %f emul si on .i s forned,
R 4 ShedphvErer ‘i"ﬁélgbrrﬁsﬁnofmﬁﬁ@dﬁﬁgiiﬁ i sThpgrfanples
150nm or | ess, and 15 nore preferably is in the range
off the gesipORRYT PR Ees ©F ddien dismerrsionsPhede psibe resin
particles can be obtained by mixing in the water with
envd sdonf acedandy vienahete the senyldaseeskFor eanpleyl acetate
the emul sion of the acrylic resin or the
rHgihgNehackyh rénéaShthdidhda3ingi hed BYn{l XeRUok @S Besin,
20 acrylic acid ester and the surface active agent
Hd B dyrta) st?ﬁéﬂé | Lol d t@ﬁet & 1@k 8h4T §B§1nan€|hé : Nstyrene
sone case acrylic acid (meta) ester in
fg% {Qe rate of mxture with the resin |ngred|ents

tﬁe surface active agent is desirably in the
range of 10:1 t 25 55%1 The formati on of the
enul si on b%E%ﬂE 109 159 ddis RasdRreRe 9W§°§H%%%? of thre
surface active agent used does not reach the range.
igyerikéopt haF handesWdn' e Hdadmiliet refinhés stihe aeelymer
active agent used exceeds the range, the durability of
helvénignkoth the hydrophilic portion and the hydrophobic

portion.

Moreover, although the grain size of the resin is
not limited as long as the emulsion is formed, the desirable
diameter of the grain of the resin is about 150nm or less, and
more preferably is in the range of 5 to 100nm. In these resin
emulsions, the resin particles can be obtained by mixing in
the water with the surface active agent in some case.

For example, the emulsion of the acrylic resin or
the styrene-acrylic resin can be obtained by mixing (meta)
acrylic acid ester and the surface active agent with (meta)
acrylic acid ester or styrene, and in some case (meta) acrylic
acid (meta) ester in the water.

The rate of mixture with the resin ingredients and
the surface active agent is desirably in the range of 10:1 to

5:1. The formation of the emulsion becomes difficult when the
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falls or there is the tendency for perneability to get
worse. 5 The rate of the weight parts of the water to
100 weight parts of the resin in the dispersion phase
of the resin emulsion is desirably in the range of 60
to 400, and nore preferably in the range of 100 to

200. The exanpl es of the coﬁﬁErC|aIIy avai |l abl e resin

BE%S‘Z%?St Hgysﬁpﬂxgg actJ.rUae l%gf %t]'%sjegr Hoe% &8‘92 a Cg'l the

rene acry enul ppon Palnt

"bo ohto" 400 yI|c re3|n enul si on,
r@aﬂ% ppgﬂ FRR n}@%rﬁl%}ﬂ's q )t © BBRKBR: §f BAgssuriace
(styrene acrylic resin enuIS|on Dai ni ppon I nk &
ayidificc apsnt| heeq , exspgrdp ithy W@neta@r gurabi bty of the ink
ermul si on, N ppon Zeon 15 Co., Ltd.), "sai binohru"
ﬂailzoor(abeybitsrth&rteﬂdﬂnﬂyodpr SerrneabChieny ste ygd@o . worse.
Ltd.), etc. In the ink used according to the present
i nvention, Théheatatd® tfe tWagb@nbartsobrt Hige eStdr to 100
ingredients of the resin enmulsion to the ink is

WaSHaBkY kot hend aRge 0fi P the cﬁ%ﬁéwlaﬁ ﬁ\ﬁégé‘tof itk resin

nore preferably in the range of 1 - 25% by wei ght
inge 5, the r -thick d an
%ﬂﬁi é%ée HE%§%8$§pqhe1%§n%%ﬁ % ﬁé %§|§§8h moxre

nts and furthe S ffect whi ch
%r biyf i HS to*h R Oti)rﬂﬁ[ |tﬁ’g d| unfe2SXMBPET ff Tthe
dependln on the kind of resin _enulsion, -43 the coat
QQ?mﬁﬁﬁﬁég1BnaV@b%ﬁQﬂ@mﬁ%ﬁﬁ%ﬂ%mqiﬁéoﬁﬁ na¥ inelede epaikuro-
which also raises the friction resistance of the
Jmriuit €4 1008t évd . E-5002 (styrene acrylic resin emulsion,

Nippon Paint Co., Ltd.), “bonkohto” 4001 (acrylic resin
emulision, Dainippon Ink & Chemicals Inc.), “bonkohto” 5454
(styrene acrylic resin emulsion, Dainippon Ink & Chemicals
Inc.}, SAE-1014 (styrene acrylic resin emulsion, Nippon Zeon
Co., Ltd.), “saibinohru” SK-200 (acrylic resin emulsion,
Saiden Chemistry Co., Ltd.), etc.

In the ink used according to the present invention,
the ratio of the content of the resin ingredients of the resin
emulsion to the ink is desirably in the range of 0.1 - 40% by
weight, and more preferably in the range of 1 - 25% by weight.

The resin emulsion has the character thickened and
condensed, inhibits the osmosis of the coloring ingredients,
and further has the effect which promotes fixing to the
printing medium.

Moreover, depending on the kind of resin emulsion,
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(8) to (10) The known additives in the art, other 5

than the colorant, the solvent, and the surface active
agent, can be added to the ink according to the
present invention. The exanples of the antiseptics or
antinold used may include dehydroacetic acid sodi um
sorbic acid sodium 2- pyridi43ethiol-I|-oxide sodium

enzoic acid sodiu 10 pent achl qrophenql . sodiu
e COBdnaer RPAGSE HE™ phF St LSBT *dge b hhylaF br bs aF5fect
subst ances can be used jf the pH value of the ink can
e chy @il g8t E8188° bEhR eVl orohores LRtERE6t O&f FRetPhip ek

ink prepared. The exanpl es of the pH adjustnent agent
mgd@rvay 15 i ncl ude the amines, such as diethano

am ne and triethanol am ne, the carbonates of alkal
netal s, such) asol (10 UMe Gaidsanatditsods ubh caidanat € other
and potassium carbonate, the hydroxides of alkal

tRikkhe kol Braft hydh&xd stereriodiad +hrdsaxEdge active agent,
pot assi um hydr oxi de, anmoni um hydr oxi de, the 4th 20

%?na§% ) BiHBWQH%IfH%(%%c {§§n.frokﬂésgpggéﬁgofﬁégﬂt'on.

ydroxi de, etc. The exanp the c¢h I'ng reagen

used may jncludes ethyl - di_am.ne-tetraacetic, ac

sodi um _ ni FFF1 SEIRI ST ¢l SSRPURTS OB By Hta used
et hyl enedi am ne-triacetic 25 acid sodiunL. i )
THivetifiaAs- ERTUAT PREPEMT B¢t iSedadmd §68PUM ackd sodium, 2-

uram | di acetic acid sodium etc. The exanples of the
mtiidd oeitbs pel useidensoding udenzadicd asulf sediuspodi um
t hi osul fate, ammoni um t hi odi gl ycol at e,
rentachlorophenol sodium, etc.

Concerning the pH adjustment agent, any arbitrary
substances can be used if the pH wvalue of the ink can be
adjusted to be seven or more without affecting the ink
prepared. The examples of the pH adjustment agent used may
include the amines, such as diethanol amine and triethanol
amine, the carbonates of alkali metals, such as lithium
carbonate, sodium carbconate and potassium carbonate, the
hydroxides of alkali metals, lithium hydroxide, sodium
hydroxide, potassium hydroxide, ammoniuvm hydroxide, the 4th
class ammonium hydrozide, the 4th class phosphonium hydroxide,
etc.

The examples of the chelating reagent used may
includes ethylene-diamine-tetraacetic acid scodium, nitrilo-

triacetic acid sodium, hydroxyethyl ethylenediamine-triacetic

acid sodium, diethylene-triamine-pentaacetic acid sodium,
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dii sopropylamne nitrite, pentaerythrito

tetranitrate, 5 dicyclohexylamne nitrite, etc. Next,

the nethod of correcting the variation between the
recordi ng heads of the discharging characteristics of
the present invention will be explained. FIG 6A FIG
6B, FIG 6C, and FIG 6D shoWw4%he 10 drive waveform
Hafihgineces di 0g; headss fl Goil shows the drive circuit
(which corresponds to the head drive unit shown in

FIG 5) of,the recordi head, .and FIG 8 shows the
exanpl e of%P eSXURVET 9°C.H0h AP CRATRS HY BBIET A initclude
17 of FI.G 5, and the 15 printing control_ unit 18,

FHE SHB1EPr e8P OWM t FRIRTWIHE 0 ATEERL B8 pBhEPREo I Y E IRt e,
row of the printing head and the creation of the
Aisioprgpyyamiae an sty , mapfiacay thrigpdetetvahiaveate,
desirable control of striking the printing head in any
ddioyedbherylemihe hatget«r agc.t he smal |l drop, and the
three 20 non-printing values are perforned, and

printing dRéati stisehtetidd e cheadcdihyergd rediation
according to the drive periodicity of "the recording

S drj ' I T S rive . ..

AR the LRl Er AR Il lorthe MO Gind Sl ld i istics
er_of the bits of the.channels. As 25 the signa

et BEERE he i T TV QI FEPLASTARS ve data. - 45

The latch signal S1 for retaining in the |latch

circuit 30FI@hettt H @l S8k §ﬁ&na%C83aF@rFﬁ%kiﬂ% ghow the

shift by the shift register 29 in the driver |1C 27
dyaget Wavafpye ¢hfttthe recording head, FIG. 7 shows the drive

circuit (which corresponds to the head drive unit shown in FIG.

o} of the recording head, and FIG. 8 shows the example of the
driver IC.

In the data-processing unit 17 of FIG. 5, and the
printing control unit 18, the each-direction transformation
corresponding to the row of the printing head and the creation
of the 2-bit drive data signal required in order to have
desirable control of striking the printing head in any
direction to the large drop, the small drop, and the three
non-printing values are performed, and printing data is sent
to the head drive circuit according to the drive periodicity
of the recording head as a drive data signal S2.

Therefore, as a drive data signal S2, it becomes
the number twice the number of the bits of the channels. As

the signal sent to the head drive circuit is the drive data.



10

15

20

25

in the shift register are assenbl ed the nunber of the
channels, 5 the dot of the size which forns the inage
dot for the drive waveform The drive waveform

pul sing signal (M-M) for choosing the drive
waveform (FIG 6D) corresponding to the (large drop)
and the drive waveform (Fl G-%6B) correspondi ng to 10

the smal | Egpléécﬁegl é%‘é%‘%é? han?ga%es£?% latch

drive waveform creati

drive eformshown jn FIG 6 transformthe drive

SRR o daHEDOPGT (SO GriaEl SomePUBSR T ot HBLEE by
anal og signal by D/ A converter 24, and pass the 15
EiepIshifar rzelﬁﬁeéhz%namutheesdnweg: tI§ 4dt gafl @hevérive data
vol tage, and the current amplifier 26 for supplying

irhethar ishe f&| eegister care eagsaniblickle theconnbag beathe channels,
enough further -- the drive waveformas shown in FIG

% id®t BEUthedsi Aé owipi AIC hffnds tHR tia@geOliotheodr tNErdrive
IC 27. 20 In the driver IC 27, according to the drive
Wl o9%. one of the drive waveform pul sing signals
(M-M3, logic signal) is chosen by the data sel ector

31, and it hé aff&%tﬁé f#? %1%at%10£ i 1-M for

transn1SS|on ga cni ng uni

thg) H l.evel hlf{ﬁr 32 V\,hlchtransforrrs 25 the

PEgisE 81 AFhYD YRES TR e IS + £ FQ%FSPOE%mg to the
Therefore the transm ssion gate 33 will be swtched
decsrdrgry o3PRethergfivofvatrfogal dEl6d @Bl veorresponding to
wavef orm pul sing signal, and the waveformof FIG 6B

tther sggmll| drop is sent.

Onn the other hand, as the drive waveform creation
unit 23 which creates the drive waveform shown in FIG. 6A,
transform the drive waveform data (digital signal) from CPU22
into the analog signal by D/A converter 24, and pass the
amplifier 25 which amplifies this to actual drive voltage, and
the current amplifier 26 for supplying the drive electric
current of the recording head enough further -- the drive
waveform as shown in FIG. 6A 1s inputted into pinch off
voltage of the driver IC 27.

In the driver IC 27, according to the drive data 52,
one of the drive waveform pulsing signals (M1-M3, logic
signal) is chosen by the data selector 31, and it is inputted
into the gate of the transmission gate 33 which is the
switching unit through the level shifter 32 which transforms

the logic signal into the drive voltage level.
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drops and the waveformof FIG 6D for |arge drops wll
be 5 outputted to the output termnal (at the driver
IC shown in FIG 8, it is 34-1 to 34-192). Moreover
in this enbodinent, the drive waveformof FIG 6C for
medi um drops can al so be chosen. According to these
wavef orns, PZT28 drives and @&t 10 have desirable

cont ol of paLELKLp ht{xh %@rggmgs%eo ngathess! arge drop

in any diréction ong”ditve
vvavefor bject for small drops,

b e P isH ReUt ot e BB A BoF B @5@%

drops, FIG 6C, and FIG 6D are created 15 fron1é
WQ%?ﬁﬂer@Pﬂséﬁa sigpdl - |ank S aevedepmy of hBIGr | R for small
waveform are desirable at one, and the mniaturization
dfopshendc b wedaetoromf tBES ciflc fior Beayd, dandsthiell be
transm ssion |line can be attained. Al though this

alripee teav e botHe i Subplit Ntaedirnd (bhe thd0dvagkeat iONshown in
bet ween the recordi ng heads is corrected

eenvent ijenakl ya-i ned hes present invention, change is
not added "to the drive maveforn1but the variation

bet ween thg heads, nbt% gﬁ{re%?ﬁﬁ tﬂgggh%r %Irﬁfeform of

i mage- proceSS|ng
%ﬁ%_g&éy g explalned 25 in nnre detail. -47 FIG

h PRe™PESHP t AXP T Hah &HGEd Peh&OF8Bor di ng head,
printed the color patch of m ddle the optical denS|ty
(gr adat i onAFEQEIENY-EHhane wieggEoprseceB3TAY dFigeamnd can

have desirable control of striking the small drop and the
large drop in any direction.

In this embodiment -~ one drive waveform:FIG. 6 ——
since the object for small drops, the object for inside drops,
wave:FIG. 6B for large drops, FIG. 6C, and FIG. 6D are created
from (A}, the circuit and signal line which supply the drive
waveform are desirable at one, and the miniaturization of the
cost reduction, the circuit board, and the transmission line
can be attained.

Although this drive waveform is optimized and the
variation between the recording heads is corrected
conventionally, in the present invention, change is not added
to the drive waveform but the variation between the heads is
corrected by the image—processing method.

Next, the image processing method will be explained

in more detail.
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t hrough and the dithering matri x, and neasured the

i ghtness. 5 Change considered only as the recording
head, and the driving conditions (drive waveform
drive frequency), kind of recording paper, etc. are
the sane, and are printed. The nmeasurenent of
lightness -- the gradation -4évels 0, 2, and 4 and ...

Sonar oo HEEY 8 Shdd" 30 ' Hhn 1 ouh LR oRepded e

neasur.ed t he radatlon level 255 init. X-R te938 of
??qQHQ%nglQeﬁgedpr?tﬁ%d§UPéﬁﬂﬁF'@FtFﬁeOfIW@ﬂ@%%SEhe optical
shown in FIG 9. Since it is the variation in each
denisittivndomedation genls He- 3RS nbyndmagadpehaagetngoof gamma
that I may be understood fromFIG 9, it is

tnaegtt eod that di tieexird efiencie: | andnmbheurkdgbha@essghtness.
acquired al so on the sane driving conditions. On the

ot her h_andChjaﬂ?éhc?oﬁMd idih\lg'maboﬁhet PEco BAMER head and
correction table is changed and the opti mal gamma 2

R ABLEG eangi\ebo ecpidi VJA%%%@,CBQ%Q ffééﬁé edcl) | kind

and FI G ow t he exanp e of t gamma  cor
th h th h dt.h_wi
orf‘é‘creegeré“ﬁ*é"ﬁ%ai\r A T Sﬁ%ie#efiear?opfhﬁlgef

and may be 25 able to be chosen fromthe recess to
the proj ectPBMeRRErHRet oA 1igBtnPREsE ™ aFRe dSEF R WY
the characteristics of the ink-jet recording head.

TEvelsl O ali t 9naf 4 gardre. cort-@id owasured every gradation

level 2 in the condition of 250, 252, 254, and 255, and,
finally measured the gradation level 255 in it.

X-Ritef%38 of X~-Rite is used for measurement of the
lightness shown in FIG. 9.

Since it is the variation in each printing head
when the printing head changes so that I may be understoocd
from FIG. 9, it is understood that the difference is in the
lightness acquired alsoc on the same driving conditions.

On the other hand, in the present invention, the
gamma correction table is changed and the optimal gamma
parameter for each recording head is chosen.

FIG. 10A and FIG. 10B show the example of the gamma
correction table.

Although the gamma curve has width within the
recess, FIG. 10A is not what is restricted to this, and may be

able to be chosen from the recess to the projection like FIG.
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paraneters are beforehand stored by the ink jet

printer of the 5 present invention, or the printer
driver. The ganma correction paraneter is the table in
whi ch the output value is set up to the gradation

| evel s 0-255. Wen perform ng i mage processing by the
ink jet printer side, it is4$ecessary to also

]ﬂﬁynrize the plurality of ganma 10 correction
parameters in the ink jet printer, and they are

usual ly stored by the nmepories, such as ROM Moreover,
as shown i APEPG 3%e RfErflachdygdheachaspFeerishics of the
performed by the printer driver of PC, the storage
inFpdedt gecosdengakeate Haral WdivgleliifyPCf gempei gerrddtion
According to the ganma correction paranmeter chosen
daremettee sphueabe fyraiamghmm el bect-henipar aaetprsnter of the
whi ch preserved the case where the latter printer
pHdseef: pebatiBd, bFbge OGRS BgGivaen the concrete
enmbodi nent is described further at the exanple for
being the BRS! gl (08I dieice! pa0ahBeRLdL 0oREAhpidey

printer driver performs I mge processi ng I mage
at the, col or_patch, and outputs the._i e fat

e RS EE e F AR 1 A (T T8t CRPFALErn ol it 0-255.
according to the image data which received, the, )

Wheto PEFHETRERE 18298 | REFSIRENh Y25 heoiBK paFchriRter side,

outputted to the recording paper. -49 FIG 11 shows

itthe sr 8sgeesasy heazlsememonyze fde pdbgbildhybef waamma

the gradation level and the lightness to the

quiruealtiby phramededs nin hdedsinksijrg phénteeor dhagtiwackre

whi ch

usually stored by the memories, such as ROM.

Moreover, as shown in FIG. 4, when the gamma
correction is performed by the printer driver of PC, the
storage apparatus, such as the hard disk in PC, memorize.

According to the gamma correction parameter chosen
from the plurality of gamma correction parameters which
preserved the case where the latter printer driver performed
image processing when the concrete embodiment is described
further at the example for being the best for the ink-jet
recording head, the printer driver performs image processing
to the image data of the color patch, and cutputs the image
data to the ink jet printer.

In the ink jet printer side, according to the image

data which received, the recording head is driven and the

color patch is outputted to the recording paper.
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chose the respectively optinmal gamma correction
paraneter. 5 Even if it changed the recordi ng head as
shown in FIG 11 when the lightness is neasured, the
profile of the alnost sane lightness is able to be
obt ai ned. Consequently, by perform ng i mage processing
inthe printer or printer drdi®er using the sel ected

gamma corr e} 0 paraneter, .when_the_ink jet

orinter | st Creal b TS HIS TFESA RG FEaREreRoRh 9F the
which ink jet printer perforned i mage  creation, the
AlRsdOPs RREVERRGENGUIIAIS T JiSVEinead fBRebieRtnegs to the
t hi s enbodi nent, the gamm correction paraneter can
aeirgddsgnofergcendiny rads meiogeshengeanddisg cheadinyich
out the col or neasurenment of the image of the col or

qratseh thei rheptctlsabganglinmg espaal ablryetbtofepateneter.
since the variation between the recording heads is

detect ed bygveRasriNdndrigHd 18sS rabdriifgORLidads BB in
correction table is chosen. Mdyreover, not in the

FRCOnYi Rg-heafle S{ Ml & &0 %Lébz{e%@%gegm +hA é@&fﬁiét% the

ere it had been Tonstructed as |6r| nte Sl nce

?n Cg}‘nl‘eeitiﬁ@ gar an;at rlecqin % C gené for

XE%%IS, Pt LEIRTERTT yP o P A ¢ P8R AP he assenbl y

line of the factory, assenbles, and becones _ )

shor t eni ngCBRSeTMRPlelt i Y PSFECTPENFpiBBTRIPrPEessing in the
beconmes possible not only the process -50 of the .
Hragttery opuprinrer drigr usonsarthye selechesdt gamhe correction
exanpl e whi ch neasures |ightness on one gradation
Haseeleteir], | when exipd ai nled s driietenk igetrpatatliing these
recording heads, even if which ink jet printer performed image
creation, the almost same image quality i1s obtained.

Moreover, in this embodiment, the gamma correction
parameter can be chosen very easily only by creating and
carrying out the color measurement of the image of the color
patch, without disassembling especially the device, since the
variation between the recording heads is detected by measuring
lightness and the optimal gamma correction table is chosen.

Moreover, not in the recording head simple
substance but in the state where it had been constructed as a
printer, since the gamma correction parameter can be chosen,
for example, it can carry out easily even in the assembly line
of the factory, assembles, and becomes shortening of

inspection time.

Moreover, it becomes possibkble not oniy the process
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device of the enbodinment 2. 5 Wen there is the

relation that the different profiles of the gradation

| evel s of the recording head and |ightness do not

cross so that | nmay be understood fromthe relation

of the gradation level and |ightness as shown in FIG

9 (this relation is general I'yY4ealized), it is

seagly ifagtbhe 0! kgt pess ol tihe gradatiqn level of

one sonemherg, and 1t Is pogéf%fe f%?ait to be

deci ded unj ly ' rofile it wll_be the

rel ati on, g%g%fotgét&g%ﬁgﬁgdﬁhﬁﬁg PgﬁEuS?stﬁégh£ness on one
refore, it is possible to nmeasure

recordi ng_head. T k , . ure,
PR ABTET ThL br SR G- FBGoR Pk g BobELRT Hea
whi ch ganma correction table is used fromthe val ue,
A A Ofeither AMPAAEESE otessi ng  usi ng the gama
correction table. Tine which selection of the gamma
correcti onWhear tineterig dkes medrthenshbateted different
overwhel mngly by this, and 20 the tinme of process

pmsfidelsi off thes§padenbsh Ndls e thleSeBargiN8y head and
characteristics that the recording heads differ

1ngierd soficl hght BESSs can W%}é&eﬁeaagdagstwé-k%m the
t he gamm

printing device of the enbodi nent "3, an
rJ. i a can al sqg he chosen. 25 Recently,.
SUSS 08 BALATELELLRAN S0, BRE0308Pgt? R°HRY sn erc.
characteristics of the recordi ng head are neasured,
9an@:htlﬁereh3§iﬂ<016flfh%el?ee‘??olrjd’l FGHEZEN s AFt 2EHBERRHTIRT the
sorts. Then, the characteristics are seen and the
ess of the gradation level of one somewhere, and it is

possible for it to be decided uniquely of which profile it
will be the relation, and to get to know the rank of the
recording head.

Therefore, it is possible to measure the lightness
of one gradation level, to determine which gamma correction
table is used from the value, and to perform image processing
using the gamma correction table.

Time which selection of the gamma correction
parameter takes can be shortened overwhelmingly by this, and
the time of process inspection is shortened.

Next, the discharging characteristics that the
recording heads differ instead of lightness can be measured as
the ink-jet printing device of the embodiment 3, and the gamma
correction parameter can also be chosen.

Recently, as process inspection in the factory, the
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correction paraneter is chosen. 5 As characteristics
of the recording head, the ink drop velocity V] is
nmeasured and the gamma correction paranmeter is
changed according to the size of the velocity
difference with the target. For exanple, since how to
spread when reaching 10 papePlbeconmes | arge and the

' .0f .t he gdo 0 | when the ink.dro
ataReEba g b bt B PEahets et T Pl the
a correction_valye is chosen as a gamma correction

TSad RS ERCOTERBIIGAT yio WEACDRd STshhl POTTho

| arger gamma 15 correction paraneter is chosen. Next,
accor di ng ToeRhethp Evaagitegichacacatei se¢esandhdig gamma
the ink drop vol une, the exanple which chooses the
areg tioor peceénereparamdtoseni | | be expl ai ned as the
ink-jet printing device of the enbodinent 4. 20 In

the ink-j ehspehatddiedemice of the esbogii®ithehd, the ink
ink drop volume M is neasured and the gamm

Qelibety PRy af@%?éaéx&é&f‘%%ﬁ“@h@cﬁgﬁqunQofPecf,@leon y

volune difference with the target ink drop vol une

E e, | ameter..of the.dot when_adher i 2
R Ehar i sl A Aot n R ales oB Ui TRady

econes” S he in _
i88erseen vTebrver S The s |arge, and the
smal | er gamma correction parameter is chosen.

For example, since how to spread when reaching
paper becomes large and the diameter of the dot becomes large
when the ink drop velocity Vi is the quick recording head, the
small gamma correction wvalue is chosen as a gamma correction
parameter.

On the contrary, when Vj is small, the larger gamma
correction parameter is chosen.

Next, according to the discharging characteristics
about the ink drop volume, the example which chooses the gamma
correction parameter will be explained as the ink-jet printing
device of the embodiment 4.

In the ink-jet printing device of the embodiment 4,
the ink drop volume Mj is measured and the gamma correction
parameter is changed according to the volume difference with
the target ink drop volume Mj.

For example, the diameter of the dot when adhering

to paper becomes small when the ink drop volume Mj is small,
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5 Furthernore, the ink-jet printing device of the
enbodiment 5 will be described. The ink-jet printing
device of the enbodinent 1 shown in FIG | is the
color ink jet printer which used the recording head
of the four colors of Y, M C_and K 10 Wth this
color ink jet printer, about>&ach head, each
£HeP R 9LDGENLARL CLISHGS AT GaTEARNLET; 3Ndabbe, gam
correction”paraneter 1S chosen For every recording
ead. Wiat is necessary | 0 asure the [nk dro .
&WﬁﬁSF§YVitgﬁdgfﬂ%eF%%(ﬁid%ngEﬁﬁéeﬁngg iarge wﬁgn the ink
characteristics of 15 the recordin% head, as )
Grom voreRealfoves wREIG usind dhehafge leRegagamBCrrection
correction paraneter. Cenerally, the
minegiecalr- psopkesérs val ue (for exanple, surface
tensi on and viscosity which influence discharging
char act er i shrelsdrmhedgahess dimwhat wrihtCalofisvdée 2 the
the ink. if the surface tension differs from
ShRAREhY, 5 WALl abd AedddpRiise in discharging
characteristics. Moreover, the profile (relation
bet ween th r Lt i . i.aht nes o) .
l'i ght ness g gofggékgggh%¥ﬁﬁnﬁggﬁg%%g gﬁe?é o%%fo%ﬁﬂﬁPt t
i.f the difference jn th hysi.cal - 25,properties val ue
SR RE LPr el ohfet T i SEhrts A5C. 831BRaT AEPLFT Rae the

arising fromthe ink arise by neasurin% discharging
Taearddigr Pepfcef (Whe fgyr friasgerf ol Hr, Cangnd K.

choosi ng the gamma correction paraneter according to

each di scHathi byl herlaot amkstiieds priihteopt &lpelt geawia head,
correction

each discharging characteristics are measured and the gamma
correction parameter is chosen for every recording head.

What is necessary is to measure the ink drop
velocity Vj and the ink drop volume Mj as characteristics of
the recording head, as mentioned above, and just to change the
gamma correction parameter.

Generally, the physical-properties wvalue (for
example, surface tension and viscosity which influence
discharging characteristics) changes somewhat with colors of
the ink. If the surface tension differs from viscosity,
variation will arise in discharging characteristics.

Moreover, the profile (relation between the
gradation level and lightness) of lightness also changes with

colors. Therefore, even if the difference in the physical~

properties value and the difference in discharging
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5 paraneter for each record printing head can al ways
be chosen. The plurality of gamma correction
paraneters are beforehand stored by the color ink jet
printer or printer driver of the present invention.
The ganma correction paraneter here is the table on

10 which the output value is>Set up to the gradation

I 2 ' Y% n_perf orm :

a8 e e i (M, A Y S aTeR oy i g

ecessary to_al so nmenor.ize the pluralit of ma
SERREOBA FAFEACEEr S Wt H es HERALATt BVERE Sorgr 479
15 the ink jet printer, and they are usually stored by
RS iIRGNBRE eGABY CFP S HAAN MELeFeERr asce i P magh
4, when-the gamma correction is performed by the
disicheegidgi vearaft®g sttines, dher epéimppagatns, corwde @on
the hard disk in PC, nmenorize. 20 Qut of the plurality
refragefer €OFr esth ofedqrafdRtiers ngWhikal paBSLIVEEs the chosen.
case where the latter printer driver perfornmed inmage

processi ngribem (e G Grel@mRRbedirpeRt 1 bs paestdided are

further at the exanpleé, according to the gamma

I [L.Qn r..for. ev ol for bei
e T ol e B B B o FEERERy O it e
carried, tge rinter -54 dr.iver perforns inmage
5 IEES8EnG ?ogf?ﬁfqﬁnﬁﬂy%ﬂﬂ%fnof the color patch, and
outputs the image data to the ink jet printer. In the
ink jet prTheIaENRIEOFESHIPnGaromeRer | AR igdthe table on
whi ch received, the recording head is driven and the
which the output value is set up to the gradation levels 0-255

as mentioned above.

When perferming image processing by the ink jet
printer side, it is necessary to also memorize the plurality
of gamma correction parameters which responded to the color in
the ink jet printer, and they are usually stored by the
memories, such as ROM.

Moreover, as shown in FIG. 4, when the gamma
correction is performed by the printer driver of PC, the
storage apparatus, such as the hard disk in PC, memorize.

Out of the plurality of gamma correction parameters
which preserved the case where the latter printer driver
performed image processing when the concrete embodiment is
described further at the example, according to the gamma
correction parameter for every cclor chosen for being the best

for the recording head for every color carried, the printer
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5 color patch is outputted to the recordi ng paper.
Even if the recordi ng head changed as shown in FIG
11 when the lightness is neasured, the profile of the
al nrost sane lightness is able to be obtained.
Consequently, by perform ng i mage processing in the
10 printer or printer driverfsing the sel ected gamm

I ' r r £ ink.j.et LN [
N or e T e Ll e b SnBe it 57 e
et printer perforped i e, creation, the al ppst.sane .
‘#ﬁﬁﬁgpaﬁﬁﬁrtgn?so gﬁ%ﬁ%g@%*ﬁg?ﬂﬁ Fﬁ%aCGPoih?nRHEeIEt printer.
printer of the enbodiment 6 15 wi |l be expl ai ned. ]
FIG 12 shéfsthRelRllIIRt RF i@k sideheagragadingnto the image
| evel and the |ightness for every color, and the
dedid athiich reheivefl, ke i mecapphmenthehdonsFEGiveR, andiethe
ranges of the size and Iightness variation (size of
ardrdratpagrh isogutpithed hieo 2thd ighior@sagopepethe
gradation | evel changes for every color differ. 25

Then, it igyeRsifaphe +QJRANY dchbechhabbaess Sown in FIG.
each color and to choose the ganmma correction

PR &4 of ﬁgg%tﬁ‘%‘&é‘ di% %é%}%a&%@??%&f%? O%hr EMImost

| the recor ng nea rom rcn - aracteri stics

di&; I, %%r ever coiontia%ys hecause this perforns

Sy e FPELESEI hy RN HE & T€8rrection parameter

whi ch makes it possible to select the optiml gamma
correcti onConsequently, by performing image processing in the
printer or printer driver using the selected gamma correction
parameter, when the ink jet printer is created by these
recording heads, even if which ink jet printer performed image
creation, the almost same image guality is cobtained.

Next, the color ink jet printer of the embodiment 6
will be explained.

FIG. 12 shows the relation between the gradation
level and the lightness for every color, and the variation
thereof. As is apparent from FIG. 12, the ranges of the size
and lightness variation (size of variation) from which the
lightness over the gradation level changes for every color
differ.

Then, it is desirable fo measure the lightness of
each color and to choose the gamma correction parameter from

each lightness for every color.

Even if the recording head from which
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paranmeter, and is optim zed for every color of this in
each 5 color, it is possible to obtain the always sane
i mge quality. Mreover, the method of sel ection of
the ganma correction paraneter is described in nore
detail fromthe result which evaluated the

I mage- processi ng nethod of ti%&- present invention. 10

A ' | et i nter whi.ch carr he .
R ?ﬁ—'ﬁﬁégé BPEGEENTOL ey e SPebeRl hethung tnis
of Y, and K renalned as, it is, the cyan Cis
%%efcﬁ?&ﬂﬁedmﬁaﬁ PRECEHFHRAI TP DI 9Ty SREZAS T Iem parameter
the color patch inmage outputted using the sane ganmma
Werdte &Bkes phr BBt EPle sta ssal@riartée. opkémalt pammedcorrection
col or patches are the cyan C, the green G and the
reotagre teat, chndf 18 hepbiatkeB. fGorsequernbllyyr whethis in each
| i ght ness exceeded the average-: 10, the being clear

dblfdrer ercesi pokOUPTe ansl dBtdilf AhOWliwhhat sad® Lhads quality.
necessary to nmake it becone less than five the

optimal  thg-bessr! han r&ee&o@/%rfag%&e&%ﬁeéﬁr@he%

t he Optl mal ganma correction paraneter 1Is chosen

5 R PR LD e LoRL AR SRkt oLBalee gssa%e

O Create anR correction para Fgr
e fall within the range of

t he _out th
95 ts Whlsk ' RBrLBOESS the AR IheTOereiaH BEFIRRIPT Hee
gradation |evel and’ | i ght ness, the profile changes
Rjessryty ipveRtéenors. For exanple, in the case of the
yellow Y, to the gradation

With the color ink jet printer which carried the

recording head of ¥, M, C, and K, the recording head of Y, M,
and K remained as it is, the cyan C is exchanged for the |
plurality of printing heads, and the color patch image
outputted using the same gamma correction parameter is
compared.

The outputted color patches are the cyan C, the
green G, and the color patch of the black B.

Consequently, when lightness exceeded the average=x
10, the being clear difference is found and it turns out that
it is necessary to make it become less than Zfive the optimal
the less than Tten averages.

Therefore, when the optimal gamma correction
parameter is chosen to the variation in the recording head, it
is necessary to create the gamma correction parameter so that

the output image may fall within the range of the limits.
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| evel s 0-255, although the lightness difference is as
small as 5 ten or less, in the case of the black K
there is the difference very nmuch or nore with 70.

Mor eover, the variation over the recording head of

t he yeIIom1Y is also small, and that of the black Kis
| arge. Therefore, if the krﬁ@ “of gamma correction

par anet er Mgrgg o HP Qé)é %ﬁ% vani goﬁnb%gw%%ghﬁﬁeﬁfiadatlon

so that it e€cone mn cer

di fferenc the ki.nd of t he dlff rence
TV gsiigthﬁasyeFW%nﬁﬂP€¥$f hangra T RATEp with colors.

exanpl e, _di spersion between the recording heads of

e SPRHRLRes N ofhe heasr o be iveldovt Ke BPatke kgTadation

and 15 if the variation in |lightness uses the one

llevied sof0—-gammat bhoegh i dre pardnetees tddfZereheeyes | @w Mall as
will end with the two kinds of gamma correction

ear arelless,t Ont Bee et dd N eflackaRyBLEErEELE | Bife
paranmeters being required for the black K Therefore,

BAGEREENnRE Lerihguer! OF mdhe REGPMEY 20 possible to
change t he number of the kinds of ganma correction

paranEter’Mggg?ﬁéPplﬁﬁé(¥gy %&ﬁ%E %%lgc£h§n5§gg%glng head of

reduction o € henor hard drs

es the ga rrectlon paraneter can be aj
e Yiiew Yhescater THY ot ' 83T ERebEhodK mehtlarae.
7 25 will be explalned -57 Vhen measuring the
Thegriress of the Hird ovf waame ConEesitagnt Rargasher is set up
correction paraneter of the recording head of the
brelthewyvakight arssn chigigmess tsive theltl aw May sbsomhé within a
anong
certain lightness difference, in the kind of number, the
difference will arise in the yellow Y and the black K.

For example, dispersion between the recording heads
of the lightness of the yellow Y is 4, the black K is 14, and
if the variation in lightness uses the one kind of gamma
correction parameter to 2, the yellow Y will end with the two
kinds of gamma correction parameters to the eight kinds of
gamma correction parameters being required for the black K.

Therefore, according to the color, it becomes
possible to change the number of the kinds of gamma correction
parameter, and simplification of selection and reduction of
the memory or the hard disk which memorizes the gamma
correction parameter can be aimed at.

Next, the color ink jet printer of the embodiment 7

will be explained.
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the gradation levels 0-255, and it is necessary to
carry out 5 very highly precise neasurement as shown
in FIG 12. Moreover, it is easy to produce the error
in measurenent. Therefore the optical density of the
color patch is neasured to the change which neasures
| i ght ness, and the ganna cdﬁ?@ttion paraneter is

chosen as iy eﬁr%53%§¥i H%ﬁesge%@etﬁgtkgfiow Y and

density. Fl he re ion ween 't

BP0 S45ba RS S PBE Rl aE Y Shet Bt aLl e

case of the optical 15 density, to the gradation

Ve Yetllewan&gh*ée%%r%rﬁ% wia thet YaRdorsYeasysmall among
di stinguish the variation between the recording
Hedggadaiépaf dpeels he—dpti culd dénsist peoksesheycbborarry out
patch of the yellow Y is neasured and the ganma

woryr édighdy ppacasetesas sramasems sbvwhhénopicecal2.

density value. 20 Next, the correction nethod of

di sper si onvBet¥eEn, irheléﬂ%riﬁ; b b%d@ibéChﬁégéﬁﬁor in
characteristics in the ink jet prlnter of the

ﬂ3%¥ﬁ¥ Rt 8 whlle Sr@Xpé '%?% #: eﬁél 90§§ %.co or
rel ati on between the gra ti eve e
nsi t. n_the Leg head, 25 the.,res
LR GaPRG Coo ReHI, R ThEeRERAC . shntnces, and
rinting the col or patch of mddle the optical density
t?hgeré!&arf% RCFETEFLCD-REHMY LT ikyEherseedsi A SFohaHM
through and the dithering matrix, and neasuring the
vgptiiagdlondénsthy. optical density.

FIG. 13 shows the relation between the gradation
level and the optical density of the yellow Y, and its
variation.

As shown in FIG. 13, in the case of the optical
density, to the gradation level, it changes comparatively a
lot and is easy to distinguish the variation between the
recording heads. Therefore, the optical density of the color
patch of the yellow Y is measured and the gamma correction
parameter is chosen from the optical density value.

Next, the correction method of dispersion between
the heads of the discharging characteristics in the ink jet
printer of the embodiment 8 will be explained.

FiG. 14 shows the relation between the gradation

level and the optical density in the recording head, and is

the result of preparing some heads, changing the head,
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Change considered only as the head, and the driving 5
conditions (drive waveform drive frequency), kind of
recordi ng paper, etc. are the same, and are printed.

0- 254 neasur ed neasurenent of the optical density
every gradation level 2 in the condition of the
gradation | evel s 0, 2, and -48-..., 250, 252 254 and

25 fin i 0 eve LS .

ot Rt d oo naiehh 567 T 9R po trp CYEELERT gidhsiey
neasurenent of the optical density. As shown_ in FIG
(?E?dﬁﬁéﬂnth%V%@%d)éh%ﬂg§§]1WPget8Fﬂ§e6ﬁ%n$h%f 43@na through
difference is in the optical density obtained also on
apdethandltheving i, emsl messoningetbe hepticmd dansd ty.
gamma correction table is changed as shown in FIG

10A, and t¢ieampd iomadsigeme palgnesethe flsaacdndeatt idxiving
chosen. As a gamma correction table, although the

cORNNRi of Yl VE&rhas Wil b t @rﬁvbhgré@ﬁgﬁéé%) FliGnd Qi s
not having 20 restricted toit, and may be able to be

r%ES%SEn&rﬁﬂnéPe LECeSHe Lol REMAr OLAGLL PO uHEle

Thése are’ decided by t he characteristics o the

|nk j et h The It rectlon
paraneters E W) S%%@%é &%ﬁPS?gaﬂga f é § Pl density
printer or printer driver of pr esent

eVﬁ%nEF%ﬂat% ffta <oy 86 &ﬁnsaFaﬁet ef Hef Fradaien
table on which the output value is set up to the
lgvadat PonZ| eyed s 0-255. 238heA>ger £oAning £dmgeand, finally
processing by the ink jet printer side, it is
thecgssdayitn hdwel MFrisz eckierplur afhe yX-oRig=08M of X-Rite
is used for measurement of the optical density.

As shown in FIG. 14, when the head changes, it
turns out that the difference is in the optical density
obtained also on the same driving conditions.

On the other hand, the gamma correction table is
changed as shown in FIG. 10A, and the optimal gamma parameter
for each head is chosen.

As a gamma correcticn table, although the gamma
curve has width within the recess, FIG. 10A is not having
restricted to it, and may be able to be chosen from the recess
to the projection as in FIG. 10B. These are decided by the
characteristics of the ink-jet head.

The plurality of gamma correction parameters are

beforehand stored by the ink jet printer or printer driver of

the present invention.
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5 correction paraneters in the ink jet printer, and
they are wusually stored by the nenories, such as ROM
Mor eover, as shown in FIG 6, when the gamma
correction is perfornmed by the printer driver of PC,
the storage apparatus, such as the hard disk in PC
menori ze. 10 According to thé3gamm correction

par amet er ﬁﬂgsgghﬁécggéé% @ u %lgEgag%hgngnls the table on

correction par ers serve e ~“case where
latter ter driyver erforne i_ma focessin
THER The BERRFE: B Uifbotf rRsh ES Godtr BRBOREH Pherovars 0-255.
t he exanpl e for bei ng the best for the i nk-jet head,
e PSTHPIREBE HPRIR IPHRGISiRG |bﬁfa§@ep|3—615e§§1:n©r¥@t¢heglde
i mage data of the color patch, and outputs the inmage
idati® neceheaknkt¢ exlspmiemarizeTldesplleckil ohy mef hopahrof
the optinmal gamma correction paranmeter will be

abesercithed. pdbaBet orehandnd ik glitepirsnpeepased 106y are
the optical density in the predeterm ned gradation

ustwelly ardrbfepy etdd Iitholled, heueRl LaRkogama
correction parameter. Table I' is an exanpl e of the

table and g | oy JC8 opLi

correction pargﬁgfer |n}§he gntgggl 6 naéensgﬁg'%ﬁqwe
vari o re arln t he. pl ur | evel. s as -
IR TR Ga P ot Bninehisu B Bt OnLregepLiRC, the
obt ai ned, and the gamma correction paranmeter can be

SHP5E8ER APPRTABRE/ s%Hth Gerfthe F8&dr déykasnshewremprize.

Table 1, it is desirable.
According to the gamma correction parameter cheosen from the

plurality of gamma correction parameters which preserved the
case where the latter printer driver performed image
processing when the concrete embodiment is described further
at the example for being the best for the ink-jet head, the
printer driver performs image processing to the image data of
the color patch, and outputs the image data to the ink jet
printer.

The selection method of the optimal gamma
correction parameter will be described.

Beforehand, the table is prepared for the optical
density in the predetermined gradation level, and the relation
of the optimal gamma correction parameter.

Table 1 is an example of the table and given below.
Since the optimal gamma correction parameter in the optical

density with various preparing the plurality of levels as a
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Moreover, Table 1 is each gradation level, and is 5
the tabl e having shown the kind (nunber) of gamma
correction paraneter to choose, and the range of the
optical density as which it is chosen. TABLE 1: Ganma
Correction Para. Select. Table of Black Ink G adation
Ganma Correction Paraneter N#¥rer (kind) 10 Level: 1 2

81 0..77.0.,73.0.70 130 O 7 0.73.0.70.0,66
5 eG5BT o o 8 OB 74 B75 980 op, G
0.90 0.87 170 0.94 0.90 0. 87 O 83 20 Gradati on_Ganmm
W&P&np%ﬁ‘aﬁ’é‘?%rcﬂbrﬁf‘er‘:h(%eﬁ’dﬁltbe%?fe gugficpent
0.66 0.63 0.59 0.55 130 0.63 0.59 0.55 0.50 25 0.75
FFECrragy68s0shewnein 1500 e 72 G.t68-s0d661i@ablen. 83 0. 79
0.76 0.72

Moreover, Table 1 is each gradation level, and is

the table having shown the kind (number) of gamma correction
parameter to choose, and the range of the optical density as
which it is chosen.

TABLE 1: Gamma Correction Para. Select. Table of Black Ink

Gradation Gamma Correction Parameter Number (kind)
Level: 1 2 3 4
0.81 0.77 0.73 0.70
130 - - - -
0.77 0.73 0.70 0.66
0.90 0.86 0.82 0.79
150 - - - -
0.86 0.82 0.79 0.75
0.98 0.94 0.90 0.87
170 - - - -
0.94 0.90 0.87 0.83
Gradation Gamma Correction Parameter Number (kind)
Level: 5 6 7 8 |
0.66 0.63 0.59 0.55
130 - - - -
0.63 0.59 0.55 0.50

0.75 0.72 0.68 0.65
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170 5 0.79 0.76 0.72 0.68 The optical density of the
color patch is nmeasured for each of the plurality of
actually printed gradation |levels. It is necessary to
performprinting at this time by 10 gamma through
(for the input gradation |evel and the output
gradation | evel to be equal J-6¥fhe gamm correction
ameter in each gradation _level is chosen fromthe
neasured optical density value and Table 1. 15 Let
nost things be the g%gna correctio raneters of
this head by the k? nt¥ of d&ﬁ#ﬁ corBe% ion Ba?%neter
obtained on the plurality of gradation levels. FIG 15
is the view which €hdse tHe hti mall-damma O0cbd?rection
paraneter and in which showing the result which 20
Yasured the rel ation between the gradati on-level and
i ghtness using the different recording head. In this
way, using the selgeci®ed gammes correctz/pon pasamnet er
according to the image data which received, the head
is driven and the color patch is outputted to the 25
recordi ng paper by the ink jet printer side. -62 Even
if the hea h e s.shown in ELG 15 when, the
opt i cal | dents SPPEEEXGIANY [ ShfopPraloreeAb Sy mgoured

ame optical _density. js able to he obtained. ]
B Sa6TeRt] (ISP LBERHbr 0y FTidte 19T BELBSPRgIFadeien levels.

It is necessary to perform printing at this time by
gamma through (for the input gradation level and the output
gradation level to be eqgual).

The gamma correction parameter in each gradation
level is chosen from the measured optical density value and
Table 1.

Let most things be the gamma correction parameters
of this head by the kind of gamma correction parameter
obtained on the plurality of gradation levels.

FIG. 15 is the view which chose the optimal gamma
correction parameter and in which showing the result which
measured the relation between the gradation level and
lightness using the different recording head.

In this way, using the selected gamma correction
parameter, according to the image data which received, the
head is driven and the color patch is outputted to the

recording paper by the ink jet printer side.
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5 printer or printer driver using the selected gamma
correction paraneter, when the ink jet printer is
created with these heads, even if which ink jet
printer perforned i mage creation, the alnost sane
image quality is obtained. Mdreover, in this
enbodi nent, since what is 1066@ecessary is just to
create the_image.of the color patch an to, C
Che col o TR andt Kethsterietadzonbrrhot ¥1d. 48 when
especiaIIX t he device since the variation between the
HeadPtisalqeeret Y by PRAMShg HRePEREL ¢8I OticHat t3tmost
and the optimal gamma correction table is chosen, the
SFETRPESFRECEPRPL YD raraink dio dgnob&adheden very
easily. Mdreover, not in the head sinple substance but
in the stavesednereclyt, ity eenfosadngsimage i pteressimreen the
the ganma correction paraneter can be chosen
grfierekobe, prin€@l €aIFer Qiinfadkl ¥e@¥BBelNgdBa correction
assenbly Iine of the factory, assenbles, 20 and
JRECAIRE rShRRLENERY Dk I ?ﬁ[i'n"?:%rt 'igecré/?ESﬁVﬁth {hese
becones possible not orly the process of the factory
but, for_the.user.to carry .out.. As_another enbodi nent .
e SFpTe i e et B R BaF Lo ARG (R Gration.

radation level . is shown. 25 FIG 16 is the viewin

PP Er BATE NEIRES HBR Y- 65 CRE2EBPEt i on bet ween

the gradation |level and the optical density. \Wen
there is tHereeveii om tiats odiinftaEensinge ofiatesi of
the gradation |evels of the head and the optica
necessary is just to create the image of the color patch and

to carry out the color measurement without disassembling
especially the device since the variation between the heads is
detected by measuring the optical density and the optimal
gamma correction table is chosen, the gamma correction
parameter can be chosen very easlly.

Moreover, not in the head simple substance but in
the state where it is composed as a printer, since the gamma
correction parameter can be chosen therefore, it can carry out
easily even in the assembly line of the factory, assembles,
and becomes shortening of inspection time.

Moreover, it becomes possible not only the process
of the factory but for the user tc carry out.

As another embodiment, the example which measures the optical
density on one gradatlon level is shown.

FIG. 16 is the view in the different head showing
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5 density do not cross so that the relation of the
gradation |level and the optical density as shown in
FIG 16 may show (this relation is generally
realized), it is measuring the 1lightness of the
gradation |l evel of one sonewhere, and it is possible
for it to be decided uni querg3af which profile it 10

I 0 and. ta t to _know Lan
o, RS5O AP dend L8, LRGP ORA G BT
dﬁﬁtlcal density of one gradation Ievel to determ ne
f¢hYganma correction table is used fromthe val ue,

and to performinage processing using the ganma

correct i on"gm| ghers IFhdhebyelahéoni feawhiled Fielfmuardn

of the gamma correction paraneter takes may be

povdiwkel ofnghy shadaticandeviele tiEmehef hpadcasd the optical
i nspection is shortened. Mreover, another enbodi nent

denstite @6l Abti fkogLliso AHat @heWrkl abeosXPF at e dyrahtion
FIG 17 is the diagramin which the relation and

1edehabhgnent the Hadatian,) ekeknand §herapt 'f@lma% show

density for every color are shown. The ranges of

opf i cal Slt vari.atio size of
%gﬁga?|0n§ $ron1 ﬁ%%i4 %ég géns?tés Tﬁ??%f%q%ethe
% gdatlon evel chan es dlffer for everg color. -64
13g8ineps P HaRi T Y heNSdr 8t RBCoPPRTHICTGerfild it 18
of each color and to choose the ganma correction
ppapalteefof r b Badie tdacigied valladensi ef vhickuargfile it
color. Nanely, the color patch which created the
wdéllebei bhe relation, and to get to know the rank of the head.

Therefore, it is possible to measure the optical
density of one gradation level, to determine which gamma
correction table is used from the value, and to perform image
processing using the gamma correction table.

Thereby, the time which selecticon of the gamma
correction parameter takes may be overwhelmingly short, and
the time of process inspection is shortened.

Moreover, another embodiment in the color ink jet
printer will be explained.

FIG. 17 1s the diagram in which the relation and
variation of the gradation level and the optical density for
every color are shown.

The ranges of the size and the optical density
variation (size of variation) from which the optical density

to the gradation level changes differ for every color.
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5 table as shown in Table 1 in each optical density
range, and neasured it for every color. Even if the
head from which characteristics differ for every
color is used by perform ng i mage processing using
the ganma correction paraneter which becane possible
choosing 10 the opti nal gamm®4cor recti on paraneter,

and is optigized; {0{%606%%6%313&%' 5 fbabhis e eqflhcar

col or by conpaflng I'S pOSSi

bt lity | bl As th
G IAl RGP GO LB AL \GRET<Eng "SGR AnGo B S on

are nade fron1the three col ors of Y, M and C, 15 it
REAPESHER] AEOTt SR Pl BT fEiRed GRTER&YSAPHr ATEEN eFlate

gray by the printer or black becone ten or |ess. By

maki ng t heNan¢éier etive wilgatatahi shich tesstedtithe terlection
the difference in the color between the printers wll

totle he sRowgnizeThblbaitl tite caldebtialmE gehoLt tdnd®e, and
obtained from 20 the experinental results. If the

rfeflseeligon tMeb hody ofy the gama correction paraneter of
this enbodi nent is descrlbed still nore concretely,

the col or E@ hlP i qu%#ﬁgﬁgﬁKthg Lﬁ Qag%égigﬁﬁgskgaffer

first prlnte in eac or W
nter f S necessar% to use the

sk ks BRIBF RS il DORST RREen, ARephebTet s P using

bet ween the optical density and the gamma correction
Th&r SRBPer CREFof bhe e tedmiR 168r PeEame Pt el @tchoosing

this tine.
the optimal gamma correction parameter, and is optimized for

every color of this in each color by comparing the table, it
is possible to obtain the same image quality invariably.

As the same image gquality is obtained, when the
gray and black are made from the three colors of Y, M, and C,
it says making it the difference of the saturation of the gray
by the printer or black become ten or less.

By making the difference of saturation or less into
ten, the difference in the color between the printers will not
be recognized, but the almost same color will be obtained from
the experimental results.

If the selection method of the gamma correction
parameter of this embodiment is described still more
concretely, the color patch of the gradation levels 0-255 will
be first printed in Y, M, C, and K each color with the ink jet

printer.



10

15

20

25

5 1n this enbodi nent, when it asked for the relation
bet ween the optical density and the gamma correction
paraneter beforehand, it carried out by gamra through
(the input and the output are the gamma table of the
relation of 1 to 1). Therefore, it outputted by gama
through also at 10 the tim?Qﬁ‘the out put of the

col or patchy WQrﬁ8¥§£saﬂfk&5HRﬂ§1%%P§§%EE”QOE§S?E%on value

dithering. I'n this way, e optic nsrty o
ol or_patch whigh is ui val ent tq,the gradation
RMEITANE Sict FeL Bt BT R Wbl e FREER hsdgRsity and
radati on | evel specification is decided to 15 be is

JdAER CPRESEHE PRePRERRREC T St eaheadpapafesarnd or

this recording head is chosen fromthe relation

uinged orhealipeastr edioptiead density, the opti cal

density which it creates beforehand, and the gama
correcti onIpathiet@ibodiment i Mge 2@ pEREASSHAJLRS relation
performed using the sel ected gamma correction

RARIERL @he Ob80ch? ABRENEF A dH JRkAt 8brrbBfion parameter
optical density is nmeasured by the sane net hod andp

Hd¥ 1Al 1 9aRnR, 5 LT @Etﬂf%??%:@%t%%ggfﬁaﬁgei%ﬁt and the

jet printer Is chosen trom ensi

-66 _\Wen the color i ou tted with these two, |nk
?é%?ﬁ%ﬂaﬁFngeiga%%ﬁpggéik ?ﬁéﬁb%ﬂﬁ?%ﬁﬁﬁ8nt8§ogt5?nl}he
al nrost sane inmage quality. Wien both ink jet printers
cr eat ed angheﬁﬁﬁ%f%d }feutputted by gamma through also at

the time of the output of the color patch.

Moreover, half-tone processing used dithering.

In this way, the optical density of the color patch which is
equivalent to the gradation level 128 out of the outputted
color patch as a gradation level specification is decided to
be is measured.

The optimal gamma correction parameter for this
recording head is chosen from the relation between the
measured optical density, the optical density which it creates
beforehand, and the gamma correction parameter. Thus, image
processing is performed using the selected gamma correction
parameter.

Also to another ink jet printer, the optical
density is measured by the same method and the optimal gamma
correction parameter for the ink jet printer is chosen from

the optical density.
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5 image using the sane gamma correction paraneter for

conparison, it becane the inmage from which the
optical density of the image and the hue differed.
Next, the ink jet printer of the enbodinment 9 will be

explained. 10 It is the inspection process of the
factory etc. and the ganma-é¢érrecti on paraneter

chosen as scribed above is displayed on,the nai .
oot e R RE ey Sl CLBLREL PReh OFRER o snk
hand, the printer driver is required in order to

J&te RS ERE iﬁﬁgEOWP?¥Pq+ﬂ99§qﬂ?ﬁee@bﬂﬁiﬁPePthBH the almost

Generally, the printer driver is used, after

st aegRgIFALPEYt 0o which the ink jet printer is

connected. In this way, after being installed in PC

it IS neced¥sanybtith ire jert pirémterisverehtedi aedtcdiymred the
gamma correction paraneter suitable for this ink jet

iplaiget Rsing0the BEESNBSIROSSI M tiondipheshet8f HaPMBomparison,
correction paraneter used for the printer driver by

e N h eaf | e
b R L R e R
.as nenti.oned above. _The display nethod to the main

ﬁﬂ%qg gpdtﬁgeiﬁﬂejg%f 95 Drinter has desirabl e nunber,

sign, etc._which show the kind -67 of for exanple, )
gamma cor r 88¥F onthardie &Gt t§anfd EBEr SRPPGHI R % will

on which the optinmal ganmma correction paraneter for
behexpdanaetled ink jet printer is set up, and the
output value is set up to the gradation

It is the inspection process of the factory etc.

and the gamma correction parameter chosen as described above
is displayed on the main part of the ink—jet printing device.

On the other hand, the printer driver is required
in order to create the image with this ink jet printer.

Generally, the printer driver is used, after
installing in PC to which the ink jet printer is connected.
In this way, after being installed in PC, it is necessary to
the printer driver to direct the gamma correction parameter
sultable for this ink jet printer.

It becomes possible to direct the gamma correction
parameter used for the printer driver by displaying the gamma
correction parameter chosen as the main part of the ink Jjet
printer as this method as mentioned above.

The display method to the main part of the ink jet

printer has desirable number, sign, etc. which show the kind
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5 levels 0-255 in inputting this display data into the
printer driver of PCis chosen, and it is used with
the printer driver. Moreover, you may display the
gamma correction paraneter used for the printer
driver as an enbodi nent 10 on the recording head
instead of the main part of & ink jet printer. 10 By
oY SRIAKAG-00 [ Dot e LA AL R6AG. ARALRT T NI NG head
or ned [

exchange 1's per e the“user used it, the

setup of e optimal gamma correction raeter is.,

att ai ned tgg?hglmgiéﬁﬁﬂﬁggﬂfﬁbgﬁ 'ﬁgoﬂegg?gﬂbéQ? Higmal

18 shows the conposition of the inmage 15 form ng )

e e FPEE EERECR MBIEATRRT £PT (Hhe FONPREGEA! dRKi hgt printer

system of the enbodi nent 11, the personal conputer

isPErt38pandndhehe nkufrut pralveerd s38edr ep tonheetgridation

through the bi-directional 1/F (for exanple,

l@snrilsoNi-e551 LF) inputhenanethasr Kilshbia37dand BRtsocthdaprinter

the bi 20 directional conmunication is possible. The

driinge dat acakbernddieh Pracessl NG hscPekfiehMHe byridHe driver.

i mage- processing unit of the printer driver of the PC

MR ecder! NEoNAhLPUSL SV BEHS AR LR BE L1 BE bkl Sler useq
i-dire ween

printer ‘38 I's ionalTy transmtte

he PC and the ink jet 25 printer. through the network. .
ok SPEaBEAmE9E it AT RS RERE AP 9By CBF HEoRkng
stores into the menory the kinds of the ganma
hegr dBeiteAdpaf ahle dlalny et fydhea 1nkod ?chFb%t%lbl e
itself) obtained fromthe ink jet printer by the

bi - di r ect | Briafispianinic &n ¢he ThepeBynat headptwhan printing
ganma
head exchange is performed while the user used it, the setup

cf the optimal gamma correction parameter is attained to the
exchanged recording head.

Next, FIG. 18 shows the composition of the image
forming system of the embodiment 11.

In the image forming system of the embodiment 11,
the personal computer (PC) 35 and the ink jet printer 38 are
connected through the bi-directional I/F (for example,
Centronics I/F) or the network I/F 37 and 39 so that the bi-
directional communication is possible.

The image data after the processing 1s performed by
the image-processing unit of the printer driver of the PC 35
or the various status information of the ink jet printer 38 is
bi-directionally transmitted between the PC and the ink jet

printer through the network interxrfaces 37 and 39.
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5 correction paranmeter for the ink jet printer
connected to the PC can be recognized by the printer
driver side, and it is possible to performthe inage
processi ng according to the optinmal gamma correction
paraneter. Next, the image form ng system of the
enbodi nent 12 10 will be explBai ned. In this imge

form ng sy the ink et rinter and the PC ar
connect ed ?ﬁ?géiﬁPE?ﬁa4%¥y F}S%fF ﬁaFC ?g?;eff%ﬁio the memory

T§$agglg, Centronicsl/(Qﬁ or network I/F so that the

e diPEet Ponale MMM LEGHO8 PSSMBERTS THeT | Hajyegamma
data after the various processings are 15 perforned

A rERE LPARgeb pe otlexsi g apfiained fhempichat énk di¢veprimgfer by
the PC or the various status information of the ink

thet bipdimeetiosabicalimecidagriainl.y Therabgm the dopetimee gamma
the PC and the ink jet printer through the I/F. The

RRiredrt of apEBafOt s ctd O HRANME L beinthe tdknedfed Blo the
printer is stored in the nenory, for exanple, the ROMV

P?h Can b@ Eego&ﬂfzé&tbfﬁeﬂéit ?ri.n%&ea}égfert Qfdg,: Lérgcgldiet is

e I/Fcircult oft k jet printer are cap

f transmtting to the .PC through the I/F he ga
2067 BRE, R Bal aEL Y CPEF B LR HEnBFy bt o the
receigt of a request, fromthe PC. 25 On the other
ORIt HaMHR | FRETe Ui e PAFRMEAETRPC - 69 stores into

the nenory the data which indicates the kind of the
opti mal gal@st cotredima@e Faraibtepysbeni pedtlie cenhidsbiment 12
ink jet printer by the bi-directional communication.
wiié peurapbléined. gaimethder rieakicofotmbhgssyatavhj cthe ink jet

printer and the PC are connected through the bi-directional
I/F (for example, Centronics I/F) or network I/F so that the
bi-directional communication is possible.

The image data after the various processings are
performed by the image-processing unit of the printer driver
of the PC or the various status information of the ink det
printer is bi-directionally transmitted between the PC and the
ink jet printer through the I/F.

The optimal gamma correction parameter for the ink
jet printer is stored in the memory, for example, the ROM etc.
in the ink jet printer. Moreover, the CPU and the I/F circuit
of the ink jet printer are capable of transmitting to the PC
through the I/F the gamma correction parameter stored in the
memory upon receipt of a request from the PC.

On the other hand, the printer driver of the PC
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5 the output levels corresponding to the gradation

l evel s 0-255 and related with the data indicating

ki nds of the gamma correction paranmeters are set up
are stored in the printer driver. By using the gamm
correction tables, the optimal gamma correction
paraneter for the ink jet pri®ter connected 10 to the

&{%t%r%gn ifeor fgggﬂ%%&%e ?%’noetr %ﬁgg Wakeh dhhYELc8Ldtne ad g of

I'S possi e 1 mage processing
ccordi.ng.to_the optiml ganma correction raneter.
R PPLALL et CoF ST IRy, RATPEG TG PRbSbABRd Hahy te ink

13 will be explained. 15 FIG 19 shows the mechanica

JF4r PréfteRebY hEhedPi-bristtingede growuniceriorer al

printer in which the present invention is enbodied.

The t her maTheriphtragl e vifc gaghewaorneftBn 18ahkes hiew which
printer of the line printer type using the thernmal

theceondpng 120echeacbbiledponttiingh tbhehpl gratibtyowflevels 0-255
heating el enents are arranged in |ine according to the

aMadt-R 10k ebih@: tBCOREi dioka MB@H Wi The ki RaENBE F8E Q%éiﬁrﬁlsg
head 51 is forned so that it rmy contact with the

BiAall nf%ﬁ%éﬂd%@ﬁ& 4he ﬁfﬁ%ﬂ ﬁgé ?;52098&;85@\;?% %jlfginter

prepare roug e recordi ium -
aper sending.rol]er 53 and the pressur roller 54, .
FR8%or Bk Ui, HES Gt o BRR PRe brbT R b it e
pul l ed out fromthe thermal paper roll, and is sent
FERe SR T EREL PR P FEATG O T n F PRe a8 K51 SAnBr HHESH| fRWIECTed

52.
to the PC can be recognized by the printer driver side, and it

is possible to perform the image processing according to the
optimal gamma correction parameter.

Next, the thermal printing device of the embodiment
13 will be explained.

FIG. 19 shows the mechanical part of the thermal
printing device as the serial printer in which the present
invention is embodied.‘

The thermal printing device shown in FIG. 19 is the
printer of the line printer type using the thermal recording
head 51 in which the plurality of heating elements are
arranged in line according to the width of the recording
medium.

The thermal recording head 51 is formed so that it
may contact with the suitable pressure to the platen 52

countered and prepared through the recording medium.
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5 1f the thermal paper 55 detects having arrived at
the predeterm ned position, the imge signal will be
sent to the thermal recording head 51, each heati ng
element will be nmade to generate heat according to
the image signal, and it wll print to thermal paper
55. 10 In addition, although’e exanple of FIG 15

showed thﬁl@ﬁaeme%mm g“%%m!f §p§d {ﬁ@;&eegsure

prlntlng can also be perforned using t

co S descr e ove, ,havin
ne etsrhg)tzlt' e%%('l Eﬁ?rmafﬁ% I‘}n#a 5"2‘(15 t&r t Fﬁ Fﬁ‘gog‘ijrrﬁ%d%‘i‘dlm
para ters of _i mage 15 proceSS|ng does _not require
S0 OPESETPR Hye  Hetifde PaRREaEPof - afBdt h@ sent between
correctlon are easy as a paraneter. Although the sane
thndgermal rscpbdsidlkead 9. fagd tthe obmteabb2. in inage
processi ng, the environment of exclusive use is
requi red foE A tiadatnea lcegicross drdethe RAvIeg rectiven at
is not easy, even if it is going to adjust by the

Wfehredevwarhandd pbsetidderthdamigenaibhaxi bili tye akht to
crossing to the user's hand as a product in the stage

1He F0MeHARMRALL raShPOSedd 515 tég%h% £ anééﬁlg?tﬁgﬂlls be

effort reqU|res very nmnuc e ot

net er 25 e en. i.f Is_the netaphor .
user%loe\geflg =i 1SR ATHE ﬁﬁ§'ﬁ§k§he ?Tag?egf??éﬁknﬁpd it
t correction easil]y. Although the concrete
é%ﬁoé’lrl’ré‘ it *8f TRRETRHE S2ERT IThventi on showed only the
ink-jet printing device and the thermal printing
devi ce, itIdrag@sticn prlithousl éhenenembiesedf FIG. 15 showed

the example which uses thermal paper, transfer printing can
also be performed using the plain paper and the copy sheet.

As described above, having paid one's attention to
the gamma parameter in the various parameters of image
processing does not require cost with last thing, because
creation and the correction are easy as a parameter.

Although the same management is possible also for
the CMM table in image processing, the environment of
exclusive use is required for CMM table creation, and the
correction is not easy, even if it is going to adjust by the
user's own hand, after there being no flexibility and crossing
to the user's hand as a product in the stage of development,
since it 1s the work which time and effort requires very much.

On the other hand, if it is the gamma parameter,

even if it is the metaphor user level, it is possible to make
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5 on the nulti-level imge data. As other exanples of

the recording head of the printing device which forns

the i mage on the recording medium Along with the

phot oconductor drumin the el ectrophotographic

printer, the high-density light emtting diode array

recording 10 head is config%ﬂéd. The recordi ng head

HoddiBnl LA (RO LEEAL (ARt er which this s

nmade to be focused on e phot'oconductor drum using

t he conver rad array lens. Th resept [nvention

can al so be BRI eS ST ore PIBGPARRG hehater RiREent

liquid crystal printer performed by controlling

TAVENHPRaFRGWERORFBNSHE sidtron Sfu ALty ngf dpVgRe d the

the liquid crystal of a |arge nunber which arranged

tstired| prbadpnyrdediee i ot tdrittes phet prontdicg oelenemt based

in the shape of an array etc., and all are the things

cof thechoilcallevéhi tmdde ROGd.imts of the present

i nvention. According to the present invention, the

following asféerds atfniene o30 thRakeehbeathy heNdNene

above explanation. It has the recording head in which

rakity.o I N | e LIk he_i.0ksj .

e sranachha ek o, U TBRER bh Sk FRLAEALE meatun

fornmed, _and. in the image-processin thod - 72 of the |
R Rl P CRDORr ST e SV B AOPnG P bHepRotogtaphic

based on the nulti-level inmage data, and forns the _

A&RdETon thRelighcdrri hy med@iimerdi-EAnpf AYade s T ey i xecording

in the characteristics of the recording head,

hegdi asi eangagubedcorrected only by

The recoxrding head of the light emitting diode
printer which this is made to be focused on the photoconductor
drum using the convergent rod array lens.

The present invention can alsc be applied to the
recording head of the liquid crystal printer performed by
controlling electrically the transmission quantity of light of
the liguid crystal of a large number which arranged optical
beam irradiation to the photoconductor drum in the shape of an
array etc., and all are the things of technical within the
limits of the present invention.

According to the present invention, the following
effects are done so that clearly from the above explanation.
It has the recording head in which the plurality of printing
elements like the ink-jet recording head and the thermal

recording head are formed, and in the image-processing method
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5 choosing the gamma correction paraneter according to
characteristics, wthout changing the driving
conditions of the recording head etc. Mdreover, even
if it can correct variation and perforns the image
formati on by which printing device, w thout 10
changi ng the driving conditiol¥s of the recording head
[ [ t e . skde.cql
Fharsopainans, B 200 LAY AL St pRuffAfg Plafint basea
araneter. . by.the. recordi head ven if variation s
P R L A BB L FEPER T 1 Gt “RERG: oot on e
rinted i nage, the sane_inmage quality is 15 obtained.
%&9Q59h9q mefaHmy £ eVaR | bt i G Ao diSsdRaffPngharacteristics
characteristics in the case of the ink-jet recording
dfeddie ngisoirdibei hgadbl @timtion ean war carrentedsehyy by
and not generating the satellite dot, the dust, etc.
dhrodsiegf aheedaffa i oageedid orohiaianiengrdaskcbati gagi sage
qual ity by choosing the ganma correction paraneter
AAHRE stt9 i, SEHERGI N hLRARE te@ld Srh ¢3ngWebR@Mions of
changi ng the driving conditions of the ink-jet
j -hea C even if it perfornms the inmage
1%%%%%%?%%1E§ aﬁ?%heF%k-jet printing device, the sane
i mage 25 qyality is obtai.ned. -73 Furthernore, sjnce
i n the casHOBPOYRE: OOl 1k &6 SPFREFhg  dobr ot
optimal gamma correction paraneter is  chosen for .
r@&é%msn%hﬁeﬁmﬁ%oﬁwp@twadww%péén*éangnaevh%e, without
image formation is perforned, even if it perforns the
Ghageng the driving conditions of the recording head etc. by

producing and carrying out the side color of the color patch,
and choosing the gamma correction parameter by the recording
head, even if variation is in the lightness and the optical
density of the printed image, the same image quality is
obtained.

Moreover, even if variation i1s in discharging
characteristics in the case of the ink-jet recording head,
while being able to correct variation easily, and not
generating the satellite dot, the dust, etc. in the formed
image but obtaining desirable image quality by choosing the
gamma correction parameter according to discharging
characteristics, without changing the driving conditions of
the ink-jet recording head etc., even if it performs the image
formation by which ink-jet printing device, the same image

guality is obtained.
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5 formation by which ink-jet printing device, the
optical density of the fornmed i mage and the hue are
not different and high imge quality is obtained. In
addi tion, although this enbodi nent showed the exanple
lightness is made to becone ten or |ess, nmaking not
10 |ightness but saturation—dB—the bl ack of the YMC

lors bel gw.i «edet gt miped NGk
colors be H%{ﬂg %ég{Kgfﬁ%%t%%ngggaP%s%ggfﬁéégi%h]o% f%k-jet

sanme effec rom point” 0 er

image quality fromwhich the hue is not different to
RPHSHPACReHAHR From HSEB o FSE AT CLAR FRFARE fests

t he bl ack which does not have 15 dispersion in the
hesens febt aVaeY bykciotisithadnsgngs hepdnodreatlesgolor and the
saturation fromthe experinment of present-invention
ipegsoisrabshonsia pretietmeEdy eeenvalfueti petfidsnsase: image
The present invention is not limted to the above-
fdesaribadbg mepdtmenis-and pranitahyoasvand, merk f bsat d0ons

may be 20 nade wi thout departing fromthe scope of

de@ iithVeRt LRA. rFffied EXHP @ndl Reel ABECAERT M A% fferent and
apparatus to which the present invention is applied

rj . ki nd | ;TRge form ng devices, such
Ha%%?ﬁﬁ%%rég%%%ﬁﬁéaond:aflacsrm le. 25 -74- CLAIMB 1.
An i mage-processi ng nethod for a printing, device
Whi ch has’ By SRS UGy FOdHORAPWANER SUBPGIETTE Shed the
printing 5 elements are provided and drives the
%ﬁmtlEnglGh‘én@m sihamaste tonbegeme- Fetert dmblgssdamakiog not

forman i mage on an recording
lightness but saturation of the black of the YMC colors below

into the predetermined value also has the same effect from the
proint of obtaining the higher image quality from which the hue
is not different to the black made from the YMC colors.

By the human eyes, the black which does not have
dispersion in the hue is obtained by considering as *ten or
less saturation from the experiment of present—invention
persons also as a predetermined value in this case.

The present invention is not limited to the above-
described embodiments and variations and modifications may be
made without departing from the scope of the invention. For
example, the image forming apparatus to which the present
invention is applied may be various kinds of image forming

devices, such as printer, copiler, and facsimile.
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medi um conprising the steps of: selecting a gamm
correction paraneter according to printing
characteristics of the recording head; and 10 form ng
an image on the recordi ng medi um based on the
sel ected ganmma correction paranmeter. 2. A printing
devi ce which has a recording’ead in which a
plurality of printing el emgits,@re provided and drives
15 the printing el ements based on nmulti-Ievel inmage
data to form an inmage on an recordi ng nedi um
conprising: a selection unit selecting a ganma
correction_ paranmeter according to printing o ]
charact eri &t i 83 HregNProcsssigiongenbad; fande 2or Hiting device
image formng unit formng an i nage on the recording
whadihuimalsagettconrd ey deenh icombéchi enpparabiterof printing
selected by the selection unit. 3. An inmage-processing
dieiend sf atreappov Ddéd cartte \iiGieradb tial pihasng &éeafstt NPhased
head in which a plurality of printing -75 elenments are
Bf eivdided1apd] dihygs ddwes Rid HdrR0 o8l 8ABRESoRASR dre @rding
multi-level inmage data to forman inagé on an

di i [.S] the steps of: selecting
nggggﬁha%ggP?Egéﬁgkuﬁgggﬁéte?g%ccording to 5 lightness
characteristics, of a printed imge.of the recordin ,
head: and FOIREHY G GREE GiF R b BBOP T HES Wi AP TEing to

based on the sel ected gamma correction paraneter.
printing characteristics of the recording head; and

forming an image on the recording medium based on

the selected gamma correction parameter.

2. A printing device which has a recording head in
which a plurality of printing elements are provided and drives
the printing elements based on multi-level image data to form
an image on an recording medium, comprising:

a selection unit selecting a gamma correction
parameter according to printing characteristics of the
recording head; and

an image forming unit forming an image on the
recording medium based on the gamma correction parameter

selected by the selection unit.

3. An image-processing method for a printing device

which has a recording head in which a plurality of printing
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10 4. A printing device which has a recording head in
which a plurality of printing elenents are provided
and drives the printing elenments based on nmulti-| evel

i mage data to form an inmage on an recordi ng nedi um
conprising: a selection unit selecting a gamm

correction 15 paraneter accor'dimg to |ightness
QNHATLES LESyPhd Ad NMfled TALC b k08T EFORLND pasea

ead; and an“inmage formng unit Torm ng an”i mage oOn
t he _recording, nedi um based on the gamma correction _.
Barbitirer 2V8E dten Byt ne® SHTE Ao EAP ON 20" sTeRprding

i mage- processing nmethod for a printing device which
NS U EOBPEL AGRB BRI i S Ha plurality of printing

el ements are provided and drives the printing el enments
based on geleftinyel damge cbatracttdofioparametemgecarrding to
an recording 25 nedium conprising the steps of: -76
IsiejtaticisBg chagagtar Lot iecto O paiareteimageob i fige tecording
optical density characteristics of a printed i mage of
Hd¥; weeording head; and forming an i nage on the
recordi ng medi um based on 5 the sel ected ganma
correction ter.. ri,Ati i EC S..a
recordi ng ﬁggﬁfﬁﬁ é%wﬁéﬁ?%i p ﬁggl?gﬁgg¥&%§i¥§¢?é#rgg86d on
ﬁaegne ts_. are grovided and drives the printing

e

FETEEsEAHR Ff 1T eIPaTREGESdata to form 10

an image on an recordi ng nedium conprising:

4. A printing device which has a recording head in
which a plurality of printing elements are provided and drives
the printing elements based on multi-level image data to form
an image on an recording medium, comprising:

a selection unit selecting a gamma correction
parameter according to lightness characteristics of a printed
image of the recording head; and

an image forming unit forming an image on the
recording medium based on the gamma correction parameter

selected by the selection unit.

5. An image-processing method for a printing device
which has a recording head in which a plurality of printing
elements are provided and drives the printing elements based
on multi-level image data to form an image on an recording

medium, comprising the steps of:
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a selection unit selecting a ganma correction
paraneter according to optical density characteristics
of a printed i mage of the recording head; and an
image formng unit formng an i mage on the 15
recordi ng nmedi um based on the gamma correction
paraneter selected by the seléecttion unit. 7. An

i mage- proc Lng.: et ho i_nk-.j.et inting .
dovt e vni S FOSEE! ¢ e ALastk pabhBLLD e croraing o
20 .plyrality of nozzles are provided and di scharges
it Rer S PREF R T S Ropsiblefatbotors the
multi-level inmage data to forman i nage on an

gbRedi uMdconprising the steps of: selecting a
gamma correction paraneter according to 25 discharging
char act er i §ermsnefan hiandgik -grettheecercdrdgnbenediandased on
77 formng an i mage on the recordi ng medi um based on
tiee sedleetbadgganibceord Cido haramareier. 8. An ink-j et
printing device which has an ink-jet 5 recording head
in which a plurality of nozzles are provided and
di scharges ink drops fromthe plurality of nozzles

based on g“'ﬂ;‘g%lﬁyu%ng%:o@eq%c%a%lgﬁ Eg%néageé:gngcgler%go%ead in

an recording nprising: a Selfection uni
iﬁy gﬁting aagagna forrectjonéﬁp a&gneter according to_
8r §rHGAEhEY aRt RTE Y ke PnR¥ €j BFOY&LGT dinfy drives

head; and an inmage form ng unit form ng_an i nage on
fhgeprinting eleménts based on multi-level image data to form
an image on an recording medium, comprising:

a selection unit selecting a gamma correction
parameter according to optical density characteristics of a
printed image of the recording head; and

an image forming unit forming an image on the

recording medium based on the gamma correction parameter

selected by the selection unit.

7. An image-processing method for an ink-jet
printing device which has an ink-jet recording head in which a
plurality of nozzles are provided and discharges ink drops
from the plurality of nozzles based on multi-level image data
to form an image on an recording medium, comprising the steps
of:

selecting a gamma correction parameter according to

discharging characteristics of the ink-jet recording head; and
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recordi ng nmedi um based on the gamma correction
paraneter selected by the selection unit. 15 9. The
ink-jet printing device according to claim8 wherein
t he di schargi ng characteristics of the ink-jet
recordi ng head are characteristics of an ink drop
volune to an input gradatio7evel. 20 10. The

i nk-jet print] deyi cC ' tao. claim_8 wherein
the di schaFS.‘“‘HSg%h%a%?% CSH 30 ooty _ggrum based on
recordin ead are characteristics of an ink drop

i osaqxeﬁﬁg IFFR NBOT T O it iR AR 25 - 78 11. An

i mage- processing nmethod for an ink-jet printing

devi ce which has an ink-jet recording head in which a
plurality of nozzles are provided and di scharges ink

drops frofht Ae phkridi tpriogftimor dess chagbidlcbnhas an ink-jet
multi-level inage data 5 to forman inmage on an

reeearddingg heedi UM weDEpra shngrdiaysiepsceklesebest ARGy aded
gamma correction paraneter according to |ightness of

iR ryBBICn Rl AL hSs | ksl &tnd §AUENRG N8R0, 6, 2085 1 seq
form ng an”image on the recordi ng nedi uni based on the

cﬁ?kﬁﬁ&gql%@gﬂaiﬁ§ﬁée%é%@”m?%&@ %%rim%%é éﬂ éﬂkiégérding
printing device IC as an 1 nk-jet
medium, comprising:

a selection unit selecting a gamma correction
parameter according to discharging characteristics of the ink-—
jet recording head; and

an image forming unit forming an image on the

recording medium based on the gamma correction parameter

selected by the selection unit.

9. The ink-jet printing device according to claim 8
wherein the discharging characteristics of the ink—jet
recording head are characteristics of an ink drop volume to an

input gradation level.

10. The ink-jet printing device according to claim
8 wherein the discharging characteristics of the ink-jet
recording head are characteristics of an ink drop velocity to

an input gradation level.
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recording head in which a plurality of nozzles are
provi ded 15 and di scharges ink drops fromthe
plurality of nozzles based on nulti-Ilevel inage data
to forman i mage on an recording mnedium conprising:
a selection unit selecting a ganmma correction

par anet er according to Iighrﬁ%ss of a printed image of

the 20 i i

un.et forlmnngj i RS R FR ket
t I d Db

R aPEATROROIN T 2e 3 °a”5r%31ra Jet BRPAFIGL divadein which 2

according to claim-79 5 10 12 wherein the gamm
RiorrdditioAL papamkeerals Evdsedd andcdbpahaoed e drops

| ightness of the printed image to a plurality of
foadaheoplhegbity dfl.nolwd esnlbajsetl pni mtulhf-bevéleimage data
according to claim 12 wherein the gama correction
tearfatkt eh ifagel @ctad racneridigngetiouhhecbinghi §855 ©fe steps
the printed image to one gradation level. 15. An

dfrmage- processing nethod for an ink-jet printing

devi ce which has an ink-jet recording head in which a

plurality Qé cgg%}{faa%{a?m%g%\élrgggtggg gég%ngtgresaécnokrdlng to

dr ops from nozzles
i-1 I d to f

TGP R et BE ™ T O fbcoihetst Fedlraing head;

and

forming an image on the recording medium based on

the selected gamma correction parameter.

12. An ink-jet printing device which has an ink-jet
recording head in which a plurality of nozzles are provided
and discharges ink drops from the plurality of nozzles based
on multi-level image data to form an image on an recording
medium, comprising:

a selection unit selecting a gamma correction
parameter according to lightness of a printed image of the
ink-jet recording head; and

an image forming unit forming an image on the
recording medium based on the gamma correction parameter

selected by the selection unit,

13. The ink—-jet printing device according to claim
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15 of: selecting a gamma correction paraneter
according to an optical density of a printed image of
the ink-jet recording head; and form ng an i nage on

t he recordi ng nedi um based on 20 the sel ected gamm
correction parameter. 16. An ink-jet printing device
whi ch has an ink-jet recordﬁﬁg head in which a

1§£r w@ffe%m%pﬁnggﬁgg loo\ﬂ %ﬁ:amaf&gr géc g%%gée&”k

ops es base
mul ti-level g ata to I, ma :
Fcsriirdy toabhe ﬁb%’iﬁﬁ% | RG4S0 BREF oF0 i RLuFAlity
selectln amma correctlon paraneter according to

Qﬁﬂﬁaéépndgﬁgﬁ%§ of a printed i mage of the ink-jet
recordlng head; and an image formng unit an i mage on
the recording nedium based on the gamma correction
paraneter selected by the selection unit. 17. The
I nk-j et priiatinge devi-ceteadnding tevebal ftcdfddfy to claim
wherein the gamm correction paraneter is selected
1BCGHeRY ERet BEmAR E6R e HEN tp\éx%ettE% EE' Qéféicté@ge

toa plurality of gradation |évels. . The ink-jet
aocra&talﬂ devifig f&g%@'é 4 SIAL] gd é@@%rﬁ% "odde
rrection rameter is se accordi ng 1o

&gg%a E%hcﬁ dfpSlty of the prlnted |nage to one

15. An image-processing method for an ink-~jet
printing device which has an ink-jet recording head in which a
plurality of nozzles are provided and discharges ink drops
from the plurality of nozzles based on multi-~level image data
to form an image on an recording medium, comprising the steps
of:

selecting a gamma correction parameter according to
an optical density of a printed image of the ink—jet recording
head; and

forming an image on the recording medium based on

the selected gamma correction parameter.

16. An ink-jet printing device which has an ink-jet
recording head in which a plurality of nozzles are provided
and discharges ink drops from the plurality of nozzles based

on multi-level image data to form an image on an recording
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gradation level. 19. An ink-jet printing device which
has a 20 plurality of ink-jet recordi ng heads in which
a plurality of nozzles are provided for each ink-jet
recordi ng head and discharges ink drops of a
plurality of colors fromthe plurality of nozzles of
the plurality of ink-jet recéi ng heads respectively

Rased ogogﬁggglk vel imge data to forma 25 col or

I mage recordi ng nedlun1 each ink-jet recording -

81 head conprl a selection ynit selectin

correction® gf%ﬁg%%ﬁ Wt S&3ACELpgnai Aghma &S tection
color'accordln to discharging_characteristics of the
RANENESET, BEGPAfIRE hER RN P Coln deRRAFEL OFr 7 rbFhgted image
device which has a plurality of ink-jet recording

dfedds iinknhiethreacprdinad ifttaadyf amdozzl es are provi ded

for each ink-jet recording head and discharges ink

drops of aapl imadé t fomiirepheyis bhoamkbe 40 pharaddddding
of nozzles of the plurality of ink-jet recording

eBdsm HeSRACLhVEhY faged Qi #BHdiionl %‘é%hmégﬁgeséj?é@téc? by the

forma color inage on an recording nedium each

é#&dﬂ% Lol §aeEdi ng  head conprising: a selection unit
ecting a gamma correction 15 paraneter of a

correspondi ng col or according to lightness of the
correspondi ng color of a printed i nage of the ink-jet

recordi ng head
. The ink-jet printing device according to claim

16 wherein the gamma correction parameter is selected
according to the optical density of the printed image to a

plurality of gradation levels.

18. The ink-jet printing device according to claim
16 wherein the gamma correction parameter is selected
according to the optical density of the printed image to one

gradation level.

19. An ink-jet printing device which has a
plurality of ink-jet recording heads in which a plurality of
nozzles are provided for each ink-jet recording head and
discharges ink drops of a plurality of colors from the
plurality of nozzles of the plurality of ink-jet recording
heads respectively based on multi-level image data to form a

color image on an recording medium, each ink-jet recording
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21. An ink-jet printing device which has a 20
plurality of ink-jet recording heads in which a
plurality of nozzles are provided for each ink-jet
recordi ng head and discharges ink drops of a
plurality of colors fromthe plurality of nozzles of
the plurality of ink-jet recddding heads respectively

1§g§ﬁgogﬁrgghhéélevel i mage data to forma 25 col or

I mage oh an récordi ng medium each ink-jet recording -

82 head conprising:. a selection ynit selecting a gamm
correctiongpﬁgf%ﬁéh?ﬁ Qﬂlﬁiﬁﬁ}ﬁFgéﬁgnaiﬂ@m%%lﬁgrreéklon

according to an optical  density of the corresponding
REG1eeter 8IpRi RPEEETRRIGELST AHET 5orRKIiee Feckdrlrraing
head. 10 15 20 22. The ink-jet printing device
degactendstocangt ofhe clrdinst8,ret®rdndglBead. wherei n

the sel ected ganma correction paraneter is displayed.
23. The ink-jet printing device according to any of
clainms 19-21 wherein the sel ected gamma correction

par anet er s 0f a4 henpl4g@ldtintahoC okl Se k81 & A ay.ed
respectively. 24. A printer driver of an ink-jet

Nt : i L - . .
ﬂ%ﬂf&lﬁ%&og%viﬁﬁ—j¥@|{§F aé%%fgfgﬁﬁ Egewhlc%fac?%?%%}%éy of

I mage-p essi n_g et ( ng_ to any
Bl Bpehereiaedle, Lins, data s oulBuLicd Lo e,
é%?gggrges ink drops of a plurality of colors from the
plurality of nozzles of the plurality of ink-jet recording
heads respectively based on multi-level image data to form a
color image on an recording medium, each ink-jet recording
head comprising:

a selection unit selecting a gamma correction
parameter of a corresponding color according to lightness of

the corresponding color of a printed image of the ink-jet

recording head.

21. An ink—jet printing device which has a
plurality of ink-jet recording heads in which a plurality of
nozzles are provided for each ink-jet recording head and
discharges ink drops of a plurality of colors from the
plurality of nozzles of the plurality of ink-jet recording
heads respectively based on multi-level image data to form a

color image on an recording medium, each ink-jet recording
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correction paraneter. 25. The printer driver according
to claim?24 wherein the printer driver conprises a
unit setting the selected ganma correction paraneter
to the ink-jet printing device. 25 -83 26. An inage
processi ng apparatus which comunicates wth an
ink-jet printing device, comS¥sing: a requesting unit

' amma correction paranmeter or a kind
1%%§$§%hb?%s?ﬁ "ink-jet printing device; 5 a receiving
unit receiving,the ganma .correction paraneter or the
Kind thor eBf ~PHERr LT THE &S HL‘ilﬁ{Ji ﬁggalar&%i%%’fr%%fdméh
i mage processing unit adjusting a gamm_ correction
R4PHRECEr Obad eSO BFF IR At Ao 8ECPEAIPEr Bfred e ropairal
or the kind thereof received by the receiving unit.
dEnsithe ofnkhf ecoprésnintdjindevicderacfordpngnted aimagf of the
claims 8, 12, 16 and 19-21 wherein the ink-jet
iprki—jeitngedevdteg loeapri ses a unit storing a plurality
of gamma correction 15 paraneters, and one of the
plurality of the ganma correction paraneters is
selected. 28. The ink-jet printing device according to
any of clai -2% \ ' i ks k L Qg i

§QPBTHQ:ﬁ%bWGﬁ{?ﬁanﬁﬁggegv%Fé Q%#%%ﬁ{#b to any of

device conprises a st?r A | ur?_ f
BT PR T e T e BRESnS correcton

parameter 1s displayed.

23. The ink—jet printing device according to any of
claims 19-21 wherein the selected gamma correction parameters

of the plurality of colors are displayed respectively.

24. A printer driver of an ink—jet printing device
which carries out the image-processing method according te any
of claims 7, 11 and 15 wherein the image data is outputted to
the ink-jet printing device according to the selected gamma

correction parameter.

25. The printer driver according to claim 24
wherein the printer driver comprises a unit setting the
selected gamma correction parameter to the ink-jet printing

device,



10

i5

20

25

correction paraneters is selected. 29. The ink-jet
printing device according to any of 25 clains 19-21
wherein the gamma correction paraneters are -84 5 10
15 sel ected such that a difference in |ightness
between different printed images of the plurality of
i nk-j et recording heads for “8&8~sane color is |ess than
10. 30. Thesink:j: Lnti [ i_ng: any
b2 1\%}%9%2 : c%gsgﬁé_ JE[Q?Q%PLEQ_MJ

of clains 19-21 inthe in printing device

cp%gErLseg a . unit sLoan% the.sELectgd ganna .
BEEFERS pht Hhet e ey o Tt RETPFEBHeCEYVE® ¢ o BIRES St

val ues of the selected gamma correction paraneters

for at | eaStTYWSOMGr 4 ite TEAPFEFERT . 2 3AAMMFh £q TG tdEn
printing device according to claim 30 wherein the
PlagRmeserppk nt i npdlaianecdorer itbes iakuneét ps@mting device;
kind of the selected gamma correction paraneter of
each i nk-j&treesoridigyginieadeteitrhagi tike | @dmmps idddregrtion
device. 32. An inmage form ng systemincluding an i mage
pREFARBESHNYr aPRANRIIS 3R IfRbm ehePLhRL &Y SheMiChig
the i mage processing apparatus conprising: a
J=Squestipg unit requesting a gamma correction 20
paraméter selection data to the ink-jet printing
device; a receivin%)unit r.ecei ving

t

he ganmma
correction™ " parareter” §&°CH A a?éj??‘%rﬁq e 99K et

printing device; and ,
correctidn parameter based on the gamma correction parameter

or the kind thereof received by the receiving unit.

27. The ink—-jet printing device according to any of
claims 8, 12, 16 and 19-21 wherein the ink-jet printing device
comprises a unit storing a plurality of gamma correction
parameters, and one of the plurality of the gamma correction

parameters is selected.

28. The ink-jet printing device according to any of
claims 19%-21 wherein the ink-jet printing device comprises a
unit storing a plurality of gamma correction parameters of the
plurality of colors, and one of the plurality of the gamma

correction parameters 1s selected.

29, The ink—jet printing device according to any of

claims 19-21 wherein the gamma correction parameters are
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an image processing unit selecting one of a plurality
of gamma correction paraneters based on the ganma 25
correction parameter selection data received by the
receiving -85 unit, and the ink-jet printing device
conprising: a storlng unit storing the gama
correction paraneter selecti® data; and a

ddansgd tsluea YRkt érggtfgféﬂ 1tnhﬁlg,gfm@sé £OLLELH | @ Forent

par anet er sel ection ato e I nm processi ng

LA g A0, L0 L 000 O 48 LIRS s o

apparatus and an ink-j et 10 printing device, the inage

F G GORerhad LefpridimgtiRe steps of: requesting a

gamma correction paraneter selection data to the

ink-jet printing device fromthe inmge processing

apparatus; 15 creating the gamma correction paraneter

sel ecti on 30at ahdyithe etnlpyiettipy deviigedey¥t6eding to any of
transmtting the created the gamma correction

Py iaeter2selpettOn d@d aidio-jde PriiRgenpr 866866 NEomprises a
apparatus receIVIng t he ganma correction paranEter

Lﬁﬁte%tt'o‘% éotﬂét 2.1 Lo e ik ao%fregrtae eggrglﬁ&&fs BYor the

the i mage processing apparatus ting a

f:g’%% tloncBTB%QEtgﬁd d ongtgiﬁ E%gg 8amma correction
correctil on paranﬁter a

parameters for at least two colors are different.

31. The ink-jet printing device according to claim
30 wherein the ink-jet printing device comprises a unit
setting a kind of the selected gamma correction parameter of

each ink-jet recording head to the ink~jet printing device.

32. An image forming system including an image
processing apparatus and an ink-jet printing device, the image
processing apparatus comprising:

a requesting unit requesting a gamma correction
parameter selection data to the ink-jet printing device;

a receilving unit receiving the gamma correction
parameter selection data from the ink-jet printing device; and

an image processing unit selecting one of a
plurality of gamma correction parameters based on the gamma

correction parameter selection data received by the receiving
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25 34. The i mage-processi ng nmethod according to claim
-86 1 or 3 wherein the recording head in which the
plurality of printing elenents are provided is a
thermal recording head, the ganma correction
paraneter is selected according to gradation printing
characteristics of the therm#i®Tecording 5 head, and

G | Rge thd faked: op-1he fecarding a:%g&ggmqsed on
the sel ected ganma correcti oh paraneter. . The
printing devige according to .claim?2 or 4 wherein the

recordi ng Redd T RhiEht tHe P dF% §a8Ra: farfpetion
rinti%%_elenents areagrovided is a thermal recording

§%§ﬂ¥9t h&CsEFELPR oA thi t2%%B] ects the gamma correction
paranmeter according to gradation printing

char act er i 8t teangfithing hgrinaltranseéitding headgammal

the image formng unit forns the inmage on the

geoaaliicg pedanatbassel @ntide deraraeoc aheetinhg8 processing
paranmeter 15 selected by the selection unit. 20 25

apparatus.

33. An image forming methed of an image'forming
system including an image processing apparatus and an ink-jet
printing device, the image forming method comprising the steps
of:

requesting a gamma correction parameter selection
data to the ink-jet printing device from the image processing
apparatus;

creating the gamma correction parameter selection
data by the ink—jet printing device;

transmitting the created the gamma correction
parameter selection data to the image processing apparatus;

receiving the gamma correction parameter selection
data from the ink-jet printing device by the image processing
apparatus,; and

selecting a gamma correction parameter based on the

received gamma correction parameter selection data.

34. The image-processing method according to claim
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—-86—

1 or 3 wherein the recording head in which the plurality of
printing elements are provided is a thermal recording head,
the gamma correction parameter is selected according to
gradation printing characteristics of the thermal recording
head, and the image is formed on the recording medium based on

the selected gamma correction parameter.

35. The printing device according to claim 2 or 4
wherein the recording head in which the pluralit& of the
printing elements are provided is a thermal recording head,
the selection unit selects the gamma correction parameter
according to gradation printing characteristics of the thermal
recording head, and the image forming unit forms the image on
the recording medium based on the gamma correction parameter

selected by the selection unit.



