WD 03/078169 PCT/JP03/03031 -1 DESCRI PTION METHOD FOR CORRECTI NG COLOR
DI FFERENCE | N Bl - DI RECTI ONAL PRI NTI NG PRI NTI NG APPARATUS, PROGRAM AND
STORI NG WwoNEDYsskd TECHNI CAL FI ELD The present invention geagrabd/ososiel at es
to an image formng apparatus and an image fornming method in which inkjet
10 color printing is enployed. Specifically, in an imge form ng apparatus
and an i mage form ng nethod, an inmage-having high quality can be obtai ned
in bi-directional printing used for rinting characters, images, and the
li ke. The present invention also reﬂgggg-ﬁg Nnet hod for 15 correcting a
color difference in bi-directional printing, a printing apparatus, an
inkj et printing apparatus, a program and a storing nedium Specifically,
the present invention relates to a color correction process in digital

i mage processing. FoMET¥aopFeR CORREET NGS€O0DRaDIFRRRENCEIMIMNBIRG 207
apparatus that performs printing by ejecting liquid ink on paper,
reduction opriiegenidabRr¥TeRS etk BYric Aibaehirosal prAUEAM,| REIDC8RORENG
suppressed BACKGROUND ART 25 A col or.printing apparatus uses three basic
col ors 9%%}69 PCT/ JP03/ 03031 -2 of cyan, magenta, and yellow. In
inkjet color printing, ink

TECHNICAL FIELD
| The present invention generally relates to an image
forming apparstus and an image forming method in which inkjet
10 color printing is employed. Specifically, in an image forming
apparatus and an image forming method, an image having high
quality can be obtained in bi~directiona; printing used for
printing characters, images, and the like.
The present invention also relates to a method for
15 corfecting a color difference in bi-directional printing, a
printing apparatus, an inkjet priﬁting apparatus, a program;'
and a storing medium. Specifically, the presenﬁ invention
relates to a color correction process in digital image.
proceésing. For example,;in the case of an inkjet printing
20 apparatus that performs printing by ejecting liquid ink on
paper, reduction of image quality caused by bi-directional

printing can be suppressed.

BACKGROUND ART

25 . A color printing apparatus uses three basic colors



particles of the three basic colors are put on top of one another so as to
produce a desired color at a certain region on paper. Further, in the

i nkj et coworo3prdint i ng, brightness 5 or lumnosity is al soPCakiees/i3n310
account, and-a black color is added to the three basic colors in order to
i nprove appearance of the desired.color. The printing that uses these four
primary colors takes root. C indicates2eyan, M nmagenta, Y yellow,, and K
bl ack. CMYK jindicates the four_ basic colars. 10 One of wi dely used printing
appar at uses?§ YR LOMBRSRERT it Phgl Sbdrat 08 LREL S erd S Bt Pect Ponal
printing, i.e., perfornms forward printing by noving a printing head
forwards i Pafie disceeti Re peh M i a8 rEhardi Fiele tahorko8f °$eflitng a
printing nedium (e.g.,. paper) and al so perfornms backward 15 printing by
movi ng t he grdtitdmgoheadtbapkeduas d masheeddtebet ian pagyaadncubaiono t he
direction of sending the printing nmedium This color printing apparatus

i nproves péi Mdpeg .speadtnsd, pid nired ingsekutbdor piiddiedyi baigrehéonal
printing, the head noves forwards to print one line on the 20 printing

medi um sand,t hefiead :Tpves backvands, Lo Br kBEoaRe! Nald d 18 cRNcbiigr prd nting
medium I n such bi-directional printing, the head need not be noved back
to the star osi ti e tL e o line.Ls inted . 1.0k ] ,
medi um so %%£(§Fﬁb%§e ?§?%% %.Vﬁ%?%&gr%nl hgg&%ﬁégﬁﬂi ﬁ%ﬁ% §%§§%£$§C%igh.
25 I n sone cases, a colgr tone or_a hue obtainped b 078169
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printed
primary colors takes root. C indicates cyan, M magenta, Y
yellow, and K black. CMYK indicates the four basic colors.
10 One of widely used printing apparatuses is a color

printing apparétus that performs bi-directional printing, i.e.,
performs forward printing by moving a printing head forwards
in the directioﬁ perpendicular to the direction of sending a
printing medium (e.g., paper) and also performs backward

15 printing by moving the printing head backwards in the
direction perpendicular to the direction of sending the
printing medium. This color pripting apparatus improves
printing speed and printed resolution. In the bi-directional
printing, the head moves forwards to print one line on the

20 printing medium, and the head moves backwards to print another
line on the printing medium. In such bi-directional printing,
the head need not be moved back to the start position each
time one line is printed on the printing medium, so that there
is an advantage in that the printing speed is high.

25 In some cases, a color tone or a hue obtained by



inks as well as the relative anount of respective inks that are put on the
printing medium For exanple, the color obtained by the order in which
cyan C i swhimsstsipri nted, and 5 magenta Mis then printed ®aTURIZ03031an C i S
different fromthe color obtained by the order in which magenta Mis first
printed, and cyan Cis then printed on this nmagenta M The difference of

t he hue caused by the order of colors -athering to the printing nedium

beconmes a problemin the case .of .the 10.bi-directi,onal printing nmethod
usi ng the prt:%r?t %ﬁ]éj%féa%o AviTg " S ERE TR T gcoar n écgefno E?%%‘.%Ce
exanple of the printing head of the inkjet color printing apparatus is
schemat i cal Il?ks'z'héﬁnw“iﬂrfr—?%.thf rRlabivRt fPRGULRI AT (SsPERELYar 8dKS iR hat

bl ack, cyan, magenta, 15 and yellow are arranged in that order toward the
forward prieg€i RYtdor edre @rintingemgdinnr unfpnge=dinpdet i theasoktiown in ~ Fi g.
1. The arranged order and the nunber of colors are not Ilimted to this
exanpl e, andbthénddfheren aideangadwat dercpand C tihe fdirbtepentteunberg of
colors are used in accordance with ink 20 characteristics, the printing

head dessgnmagBdting 14 kéen pribheqcaseris thgdrd nki RYrheath Uk Lons g in
Fig.1l, the inks of K, C M and Y are ejected fromthe printing head in

Lne i ke ar SO BCrRH TN S SoPaarror v ny AR erche R g
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difference of the hue caused by the order of colors adhering
to the printing medium becomes a broblem in the case of the
10 Dbi-directional printing method using the printing head having
reépective inks arranged in a row.
'An example of the printing head of the inkjet color
printing apparatus is schematically shown in Fig. 1. A
printing unit is configured such that black, cyan, magenta,
15 and yellow are arranged in that order toward the forward
printing direction in the main running direction as shown in
Fig. 1. The arranged order and the number’of colors are not
limited to this example, and the different arranged order and
the different number of colors are used in accordance with ink
20 characteristics, the printing head design, and the like.
In the case of the printing head unit shown in
Fig.l, the inks of K, C, M, and Y are ejected from the
printing head in the order of X, C,‘M, and Y in the forward

printing. On the other hand, the inks are ejected in the

25 order of Y, M, C, and K on the printing medium in the backward



affect a color tone. That is, when a second ink is put on a first ink at
the sane position on a printing nedium the first <color ink that first
adher es twotob@79169 nti ng nmedi um dom nates 5 the second col @CTiIR63/30b3Ht
adheres to the first color ink on the printing nmediumafter the first
color ink is printed. Fig. 2 shows the distribution of coloring materials
i nside the printing nmediumwhen two dyé-type inks are put on the sane

position on_a.printing nedium The first ink that s 10 first put on the
brinting Bt Uk UB ead MY SPhe CBIP R S dm o BT W A 3 A SR8 second
ink that is put on the first ink on the printing mediumafter the first
ink is pri ﬁgé%f?t R PN GOpe -t hELYT f¥er efhE® PnsSefiendi kihghs &itoR™ Bet ween
the coloring materials is generated. As a result, 15 when two col or inks
(e.g., C an8@imgt oinkMvaandhe) same posioion lve asamenpbhatmediunhe thei ey
medium the color ink that is first put so as to adhere to the printing

medi um i s meskodlaifinatat tfhastt Aehetdertcaher prhatihg hd®iumpdoranatbe first
put ink. Fig. 3 shows the inside (cross section) of the 20 printing nmedi um

when two; pi giBNfedRe ddlles: ahe PHL+ OduHdIR S 3B thROF M s ONd g RLKNBHHNY
medium The first ink that is first put on the printing nedium stays at

the surface rintj i e n o] or_t.hat jis then put
on the firs%ﬁ%ﬁinﬁgﬁj¥ﬂgkpgpﬁt?ﬁgéﬁg%F%gﬂg%ﬁkggﬁﬁgig%ﬁ( %ﬁgégﬁeghe surface
of ) 25 the printing ium, as sho in Fi . As result, the WD
03/ 078169 PCT/ JP03/ 0303F- -25SFS“PW§t%QWQﬁH%b§t%é§?E 8? TR ST JedSof-atfe
printing nmedium o .

inside the printing medium when two dye type inks are put on

the same position on a printing medium. The first ink that is

10 first put on the printing medium spreads in the printing
medium more widely than the second ink that is put on the
first ink on the printing medium after the first ink is
printed. Accordingly, the difference in the fixing region
between the coloring materials is generated. As a result,

15 when two color inks (e.g., C and M, or M and Y) aré put on the ‘
same point on the printing medium, the color ink that is first
put so as to adhere to the printing medium is more dominant
than the other color that is then put on the first put ink.

Fig. 3 shows the inside (cross seétion) of the

20 printing medium when twp pigment type inks are put on the‘same
point.on tﬁe printiné medium. The first ink that is first put
on}the printing medium stays at the surface of the printing.
ﬁedium, and‘the second color that is then put on the first ink
on the printing medium sinks inside (beneath the surface of)

25 the printing medium, as shown in Fig. 3. As a result, the



beconmes stronger and nore dom nant than the second ink. Wen the

bi -directional printing is performed in order to inprove a printing speed,
it is necwoganyitd take 5 into account the hue change regamrdPosgp3dswo col ors
or three colors (e.g., C, M and Y) put on the sanme point on the printing
medi um caused by the coloring material fixing characteristics related to
the order in which two or nore color +bks are put on the sane position on

the printing, nediu 10 Particularly, in the case where the printing

medi um i s g?%%ﬁ?)}n £ aYHea%gBE¥ %Hﬁ%ﬁcﬁgogii%%t??ﬁ??%ﬂ91mﬁﬁﬁ8mone
forward printing or backward printing is conpleted in the main running

di recti ons, PeFEIE isEreneeEs PBR| 1eYe tdtinemE Rhenchadgeewpppedny . as a

| ateral stripe. 15 According to "a bi-directional inkjet color ©printing
met hod" di scl osed in Jépanébe bardiGpencPatleprinAppyi tatpeorfokoedl1n320926,
a printing head used for the forward printing, and a printing head used

for the backwasd o iiniprogeanepeipt Oyedmed, hat tbhendesywand pol fhkag and the
20 backward printing can be carried out in the sane order of <colors. In

thi s metshod; nthe didder encenal é@&@%é@@gﬁar gnsesh1hu Jrmrytagturing

costs of the printing heads increase. cording to "a printing nmethod in a

o o AR IR SSRT A8 ok, BLECLaRE I gggsse Dl shed
printing Opgﬁfﬁéiﬁ& medium caused by the coloring material fixing
characteristics related to the brder in which two or more
color inks are put oﬁ the éame position on the printing medium.
10 Particularly, in the case where the printing medium is greatly
moved in the paper sending direction each time one forward
printing or backward printing is completed in the main running
directions, there is a possibility that the hue change appears
as a lateral stripe.
15 According to “a bi—directional inkjet color
printing method” disclosed‘in Japanese Laid-Open Patent
Application No. 11—320926( a printing head used for the
forward printing, and a printing head used‘for the backward
printing are employed so that the forward printing and the
20 backward printing can be carried out in the same order of
colors. In this method, the difference of the hue is
suppressed, but manufacturing costs of the printing heads
increase.

According to “a printing method in a forward and

25 backward printing printer” disclosed in Japanese Published



printing lines printed by the forward printing and printing lines printed
by the backward printing are alternately arranged. In this nmethod, the

di f f er encwO®B/0t169 hue is 5 suppressed by using the trick @CTLREs/(303MEN
eyesight, but when a printing job is done, the head al ways needs to be
noved forwards and backwards, alternately. Accordingly, uni- directional
printing cannot be perforned, so that-¢t is difficult to print an i mge of
high quality that has.,no 10 difference_in,the hue caused by the difference
of “the or dFRIHE BEPOLESLARRAIRH g 404 2% BP- BT SoE NI GBFEFERPR Nt i ng
method in a liquid ink printer" disclosed in Japanese Laid- Open Patent

Appl i cati orPNGLigondiges, Painigek Yy ttdlsl dotrwprd her IBtingt wadd Ppiithti@g, and a
| ookup table for the backward printing are used to suppress the difference
of the hue.liHmseverintaed byl tre daddkeat pmihesthg shieetalieeststedybe print ed
out in both the forward printing and the backward printing, the printed

result on ther=eleer. cahi brasimnHest thkeat raeedscd xbanl nreasyred by a
scanner, a spectrophotoneter, or a densitonmeter, and a color space

conversison J.pokun Jabhe peeds i heickeskedne fﬁfameer}{&riaht@n&g@e&héxpokup

t abl e becones necessary each tine a printing nmedium’i s change

Accordingly, a.burden. a_user f the_printer beco | arge. 2
Fur ther nor & i PR Pet RBHT iy Sphar Al FETD 0% o7aTaEss

P P 1 -7 ch n. i havi ng hi gh ality b
ugraé 03/0%§§iwards %ngagéc€£§2é§?1J?gg%%g%e?y.Iﬂgggzréyggf%, h%i—qu 'ty by

directional printing cannot be performed, so that it is
difficult to print an image of high quality that has no

10 difference in the hue caused by the difference of the order of
colors.

According to “a bi-directional color printing
method in a liquid ink printer” disclosed in Japanese Laid-
Open Patent Application No. 8-281976, a lookup table fof the

15 forward p;inting, and a lookup table for the backward printing
are used to suppress the difference of the hue. However, a
color calibration test sheet needs to be printed out in both
the forward printing and the backward printing, the printed
result on the color calibration test ;heet needs to be

20 measured by a scanner, a spectrophotometer, or a densitometer,
and a color space conversion lookup table needs to be created.
Furthermofe, another lookup table becomes necessary each time
a printing medium is changed. Accordingly, a burden on a user
of the printer becomes large.

25 Furthermore, since an inkjet printing apparafus is



specific paper, the inkjet printing apparatus is rapidly and w dely used
by individuals. In addition, recently, the inkjet printing apparatus as a
printer capablesied perform ng color 5 printing took root PATOP6I/@SeX wher e
el ectrophographic laser printers are nmainly used. In order to further
spread the inkjet printing apparatuses in offices, the two follow ng big
probl enms need to be solved. First, the7nkjet printing apparatus needs to

use 10 standard paper._ In the case of using speci.al paper, the inkjet
printing app. Fﬁ?ﬂsaggnc?réﬁroodiﬁl&& 8R THage l?évirfﬂg(i\}&hyqu LYY JUaItEyrs | n
recent years, the inkjet printin 'agparatu§ for use by individuals has
become abl e SPECHELAtPERET nede dnkist RArihtiRmldnprretas daerapidtwled t for
a phot ograph. However, 15 the special paper that the inkjet printing
appar at us uyédefpruséd ghy quedivtigupitsnt | by addigemer,aldeyepkpensihee, indketit is
difficult to introduce such an inkjet printing apparatus to conpani es that
requi re stripetineosty ampmga®nts Euptheter eaBIld sraperkargeig tdany

advant ages when the inkjet printing 20 apparatus that can use only the

speci al papgi-ihsiNgethdid A 19f birgescwhersrdigh qyabhbyr-ippge
characteris?iés gr% not - freq&ently r%quired. The co%poéf%lon. %%S%rnk has

b [ i d h t he_inkj.et inti
appar at us. - S35 EOFe Srenp e RovErprent Byt YRE TRk REVTRG T o

03/078169 P P03/03031 - enetration in paper, use of a fiXing assist
agent, and Elﬁﬂeg prf%tlng a pgratuses E% offf%é%, the two followinggbig

problems need to be solved.
First, the inkjet printing apparafus needs to use
10 standard paper. In the case of using special paper, the
inkjet printing apparatus can reproduce an image having very
high quality. In recent years, the inkjet printing apparatus
for use by individuals has become able to print an image of so
high quality that one can take it for a photograpﬁ. However,
15 the special paper that the inkjet printing apparatus uses for
high quality printing is generally expensive, and it is
difficult to introduce such an inkjet printing apparatus to
companies that require strict cost management. Further,
demerits are larger than advantages when the inkjet printing
20 apparatus that can use only the special paper is used in the
offices where high quality image characteristics are not
frequently required.
The composition.of ink has been improved in order
to apply the standard paper to the inkjet printing apparatus.

25 For example, development of dye type ink having low



devel opment of pignment type ink have been tried. As a result, even when
using the standard paper generally used in the offices such as copy paper,
t he recerwoikjsaso printi ng 5 apparatus can perform printi RgTHa/03031t he
quality that is not inferior to the quality achieved by the | aser printer.
The second problemis a printing speed. Except for a particular type

i nkj et printing apparatus such as an -iBrdustrially used inkjet printing
apparatus, when the inkjet 10 printing apparatus perfornms printjng, the
printing heBG EREES9% 4ﬁu9?p§ﬁalP§? ?ﬂa% {%ﬁ%ﬁﬂaﬁéﬁlﬁﬁvége%ﬁftQHg paper nany
times, and ejects ink on the paper. In this printing nethod, the printing
i s perfornedeVpaePrsnY iafe PigHepar EHPA 11K tliwe deent Fophdt oghkaphitespiitnt i ng
method in which printing is 15 performed page by page, i.e., surface by
surface, thevpniwhémgisingt tbg byaterd riqmer genetrahyy appad atrusthies
substantially disadvantageous in terns of the printing speed. In order to
sol ve the dosadventagsm ofs taeypphpétnotispectdnt thejedkpeintiig nting
apparatus, a period of ejecting ink was shortened to 20 i nprove speed of

the pringingppeagud NePriditeora Bﬁﬁgtié&?gs HEBRAS  Laroguh o; dectigass ot hgynunber

of the novenénts of the printing head,” bi-directional printing was

performed t?ngggigﬁs@o tﬁ%% %lg%ﬂg%?rn?gﬁié\ﬁhéad yveclﬁeen. Ssc(—:')_[” t:plen [inting head,

or a running ~Ssequence e pr i'Ng~ head-“was nade e 2fYicient or 25
optim zed to nove the printing head ;o only the pqgsitions W 03/078169
PCT/ JP03/ 03031 -9 wher® tFETHafECHatR &f & pimedd Aot di MGIGFPs6RE of

the a particular type inkjet printing apparatus such as an
industrially used inkjet printing apparatus, when the inkjet
16 printing apparatus performs pripting, the printing head that
is much smaller than the paper moves on the paper many times,
and ejects ink on the paper. In this printing method, the
printiﬁg is performed line by line. Compared with'the
electrophotographic printing method in which printing is
15 performed page by page, i.e., surface by surface, the printing
method by the inkjet printing apparatus is substantially
disadvantageous in terms of the printipg speed. In order to
solve the disadvantage of the printing speed in the inkjet
printing apparatus, a period of ejecting ink was shortened to
20 improve speed of the printing head, the printing head was made
large to decrease the number of the movements of the printing
head, bi-directional printing was performed to decrease the
- number of the movements of the printing head, or a iunning
sequence of the printing head was made more efficient or

25 optimized to move the printing head to only the positions



nost recent inkjet printing apparatuses can print the small- to-nedi um
nunber of pages at a speed substantially equal to or higher than a speed
of the elwotmsoptiet ographi c printing nethod. 5 These i nproPemIRIX03031 t he
image quality and the printing speed nade the inkjet printing apparatus
nore popular even in the offices. Particularly, the inkjet printing
apparatus is nore advantageous than th8~laser printer in terns of a cost,

and the siz t i.nkj et Lnt] pparatus is_10 easily nmad Il to
romte the Aotk OF (OSsE SRCEnaLr I BICir | AECRE ARG ariE h The
printing by the laser printer or offset printing, coloring materials are

fixed at thB°PapEtcTr FREESt PEIWREEIY FRPAREUSEENERRGPBINE Hd'S SRPSL -
printing apparatus, 15 coloring nmaterials are fixed after the coloring
materials pemeRddit NURberecfapeyes FHe pragisiedmsuhdtamel abitliedived el ared

to the ink penetration in the paper always acconpany the printing by the

i nkj et printiggeappeEmtausspden tofe thei rilengrpehdosgrebtby: tdrdnichkfretephodt i Ng
20 apparatus, there is also the follow ng problem Water contained in the

i nk causes the paper tmeg¥pangrandnde-setn tnandmbBer uiBi@, Gase twhere the
def ormed paper contacts with the printing head, 1 nk on the paper adheres

to the prinﬁfﬂﬂtﬂ%ﬁ%pe@ﬂ hAks Eﬁ@“fﬂﬁjeﬁmﬂ}fBQ%ﬁﬁggé%%%%§§%3gf%gﬁégg%ar

printing head is fransferred to the paper _ ( _
oceurs) , Vm%ﬁééQﬁ%%@%eE??ﬁé§93/0§§¥¥1cd£5%1§95%ké'ngjé%tg¥in %%Qaded | Tage

printed on e paper:
| apparatus is more advantageous than the laser printer in terms
of a cost, and the size of the inkjet printing apparatus is

10 easi;y made small to promote the desktop usage of the inkjet
printing apparatus.

In the printing by the laser prinﬁer or offset
printing, coloring materials are fixed at the paper surface.
However, in the printing by the inkjet printing apparatus,

15 coloring materials are fixed after the coloring materials
penetrate in the paper. The problem and the condition related
to the ink penetration in the paper always accompany the
printing by the inkjet printing apparatus.
| In the printing performed by the inkjet printing

20 apparatus, there is also the following problem. Water
contained in the ink causes the paper to expand and be wet,
and there is a case where the deforméd paper contacts with the
printing head, ink on the paper adheres to the printing head

by this contact, and this ink adhering to the printing head is

25 transferred to the paper (the secondary transfer occurs),



desired to reduce a gap between the printing head and the paper as nuch as
possible in order to raise the accuracy in the position where ink is

ej ect ed owotobe7qieper, but the 5 standard paper used in th@CefiPixwosls not
suitable for the printing that causes the paper to expand and be wet.
Accordi ngly, when. the gap between the(frlntlng head and the paper is
strictly made small, there is a p055| Tty that the inkjet printing

apparat us %@ggftéﬁgr,{%s e?ld)l/éljf ©nbBE ﬂ:?u'%{é’cf‘gsgr{ %g{%mgﬁﬁ W thaut, o

generating pr , ereis” ati the tIrne the ink

dh the t th tart t Furth
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Accordingly, as in the use in the offices, with the imge 15 qualjty being
sacrificed Ba@ea eérPafh YePESinle 4npPeEPEntearrisse thegREETEAHNT e t he
printing speed is raised. Furthernore,, as described above, in the bi-

di rect i onalther pesiihgobywhdnee inly dts ﬁﬁbntédgomp@3¥&w@§x,abHMethproduced by
the forward printing beconmes different froma hue 20 produced by the
backwar d prduahidagdbpepssenged iirsttheob@ficekis tihad dud thibist fpri thed on paper
contributes to a hue larger than another color ink that is then printed on

the paper %rmttﬁﬁgseﬁgtp%éésorﬂ@f phberf tbstxsalPraddke @€, the printing
order of the colof inks in the forward printing are reversed 25 in the

packuard DUk bgfGC LIS ATNE R BeLIn ANO OIS, |
different paper is strictly made small, there is a possibility that the
inkjet printing apparatus cannot perform printing on the
10 standard paper without genérating‘problems. Usually, there is
a time lag between the time the ink adheres on the paper and
the time the paper starts to expand. Furthermore, in offices,
the printing speed often has priority over the image quality.
Accordingly, as in the use in the offices, with the image
15 quality being sacrificed to a certain degree, this problem can
be neglected while the printing speed is raised.
Furthermore, ,as described above, in the bi-
directional printing by the inkjet printing apparatus, a hue
produced by the forwara printing becomes different from a‘hue
20 produced by the backward printing because a first color ink
that is first printed on paper contributes to a hue larger
than anothér color ink that is then printed on the paper at
the same position of fhe first color ink, and\the printing

order of the color inks in the forward printing are reversed

25 in the backward printing. Accordingly, a hue generated in a



fromthe generated hue in a band or line printed in the backward printing,
generating a printed i nage appearing to be covered with light |ateral
stripes. wowawesig9 t hi s problem 5 does not | ead to the una®ceprednse3li mage
quality generated in the secondary transfer process. Furthernore, this
problemis generated in the high speed printing in which a certain degree
of the degradation of inmage quality can* be accepted. For this reason, this

probl em has,net cbeenrachimeldn C_}Leffaltrhev"ifBngfﬁe;PEjant]i%Dgf Bc3RHE &RPESrent |

According to a nethod disclosed in Japanese Lai d- en Patent Application
No. 11-320926 rintin nits _are. _used.,,.The aor.der of cpl ors arranged
in one of t ﬁgmp%ﬁﬁtgﬁﬁer?Eéhrhﬁﬁtﬁg Fsb88§ogft%}Q%)Hﬁﬁgzgﬁdép ¥Scol ors
arranged in the 15 other, of the printing head units. One-dot |ine forward
printing by H¥25HePHFEHRI rprq%ﬂ%rﬁl&lﬁ@ag Dhtttethd69e doPSPTHY Hadiéar d
printing by the other of the printing head units are forned alternately on
a print medioy@refnwikhslighihdateammd edrépedi f flEavwayes .bahieenrelpket or war d
printing and the backward 20 printing can be suppressed. However, in this
nmet hod, 5t walossbeyst tasdfor thmiunkaicephgbaadimaepoveriligyf gaceétonsd dfn t he two
printing head wunits are required, resulting in a high cost. Wrking for

cl eani ng hea@d 4akbbsdbeE ORI Wrdesshar gefirtidtthor25+pOsSHhRbhidy 8xXi sts
that inks are m xed with one another via a WD 03/078169 PCT/JP03/03031 -12

Wi pi ng bla%%nEQQEeﬁl§§n§héuﬁ§6hes%%%&aﬁf§nting in which a certain degree
of the degradation of image quality can be accepted. For this
reason, this problem has not been actively dealt with except

10 for some cases.
According to a method disclosed in Japanese Laid-
Open Patent Application No. 11—320926; two printing units are
used. ' The order of colors arranged in one of the printing
head units is opposite to the order of colors arranged in the
15 other of the printing head units. One-dot line forward
printing by the one of the printing head unit and one dot-line
backward printing by the other of the printiné head units are
formed alternately on a print medium. ‘In this manner, the
color difference between the forward printing and the backward
20 printing can be suppressed.
However, in this method, two subsystemslfor
maintaining and recovering functions of the two printing head
units are required, resulting in a high cost. Working for

cleaning head units becomes two times larger, and a

25 possibility exists that inks are mixed with one another via a



According to a nethod disclosed in Japanese Published Patent Application
No. 7-29423, the forward printing 1is perfornmed at intervals of every other
dot, and wbesbzakward 5 printing is perforned so as to pPCARUPOIS0RIOt S t hat
are not printed in the forward printing. However, in this nethod, two
printing processes, 1i.e., the forwar rinting and the backward printing
are perforned on the sane dot line, so"that the printing speed 10 does not
become hi ghapihbani1khe prdHtdingnspeed-hp Ltherdds directional printing.

DI SCLOSURE OE'THE I NVENTION It is an object of the present invention to

reduce 15 a differen ' or, or ue. en .the forward printing
and t he backward prinﬁ?%%?dﬁvfﬁ%ﬁﬁ%nggggsg%géﬁgg%&n%? gﬁ@%ﬁ%?eobject of the
present inventi,on to rovi de an inmage form paratus (e.g., a printing
ppar at us) TPIAoPGH BRETSE AP A RgNP or T AG Tt o FATHRFare s E High
speed printing can be perfornmed so as to produce an inage wth a desired
qual i ty. |35 Peahethed dbjBrieRrlehefpresent otneidtonang the ovdderardret hod
for correcting a difference in a color caused by the bi-directional
printing, @a@pEmtangnysappafeines] sana25tonkfett prientdotg apparateispota program
and a storing nmedi um by WO 03/078169 PCT/JP03/03031 -13 which the

di f f erence gringedobnrthet feemddhebacnagd printing and the backward

printing can be easily and effectively
However, in this method, two printing processes,
i:e., the forward printing and the backward printing are
performed on the same dot line, so that the printing speed

10 does not become higher than the printing speed in the uni-

directional printing.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to reduce
15 a difference in a color or a hue between the forward printing
and the baékward printing, by image processing.

It:is anothér object of the present iﬁvention to
provide an image forming apparatus (e.g., a printing
apparatus) of a low cost, and an image forming method in which

20 high speed printing can be performed so as to produce an image
with a desired quality.

It is another object of the present invention to
provide a method for correcting a difference in a color caused
by the bi—directional‘printing, a printing apparatus, an

25 inkjet printing apparatus, a program, and a storing medium by



corrected. Specifically, ganma correction paranmeter switching 1is perforned
bet ween a gamma correction paraneter for the 5 forward printing and a gama
correcti owopanzsret er for the backward printing in an i ma@eETEP@S83l ng
sequence so as to mnimze a difference in a color between the forward
printing and the backward printing. According to a first aspect of the
present 10 invention, there is provi ddd-an i nage form ng apparat us

i ncluding a_printi e t hat perfor farward printing with jnkjet color
inks in a fg?l\%/grﬂdltgigr(gjéfélj%%ené:ned lﬁaékﬁgiarg?‘? 9y T Fﬁ%WﬁE?e?“dbi‘r i nks
in a backward direction, conprising a gana correction unit that uses a
first gamm D8 5%?r%%?¥%%?%é¥ﬁ@tﬂ89 FBRWeR dRPpHilnt iemg eragetéddy and a
second gamma correction value for backward-printing image data to reduce
a di fferenc€orneatedl orSurtviderlilie Fomwarchprdaitiongpagadetbe daEciobamd
printing that is caused by a difference of printing order of the color

i nks bet ween st herformed beptviaetn Aggaifa anskrtdie: shac aastlepei ntdbNghAccor di ng
to a second aspect of the present invention, there is provided a nethod

for forn§ngfafwhiagSr Dytirtpiadhd hNkheha COOFediikss, A Whbeb f eswangd printing
is performed by noving a printing head forwards, and backward printing is

25 perforne .0k Lintin r Lsin 03/ 078169
PCT/JPOS/OS%%?nggﬁ- tIED§¥£Bhb%hug?%§§§n$?%%¥gégﬁﬁ§&§%Eé%c??gﬁsv§1ue for

forward- minimize a difference in a color between the forward printing

and the backward printing.
According to a first aspect of the present
10 invention, there is provided an image forming apparatus
including a printing head that performé forward printing with
inkjet color inks in a forward direction and backward printing
with inkjet colér inks in a backward direction, comprising

a gémma correction unit that uses a first gamma

15 correction value for forward-printing image déta and a second
gamma correction valué for backWard—printing image data to
reduce a difference in a colgr between thé forward printing
and the backward printing that is caused by a difference of
printing order of the color inks between the forward printing

20 and the backward printing.

According to a second aspect of the present
invention, there is prbvided a method for forming an image by
using inkjet color inks in which forward printing is performed
by moving a printing head forwards, and backward printiné is

25 performed by moving the printing head backwards, comprising



printing i mage data and a second ganma correction value for
backward-printing inage data to reduce a difference in a color 5 between

t he forwawo opo78169 ng and t he backward printing that is caesdaodnsos
difference of printing order of the color inks between the forward
printing and the backward printing. Furthernore, it is possible to correct
the hue difference that is caused by puAting respective inks on top of 10
one anot her at t@e sa?e position or the sane region on the print mediumin
t he bi-direéiFoﬁanpP nting. The hue change data at the tine of the
backward printing may be created based on the hue produced by the forward
printing, and the hue U8HRY extiigift gBanEgrbecChr@paedds hoadvaneerd-Then, a
15 lum nosity and a color saturation of input imge data nay be adjusted
by using themasisor ieeyé cletains at sehendi gengd ddreectidokwaa ugria i ng,
that is, the ganma correction may be perfornmed. In this manner, it is
possi bl e t o beettveedtheibtting dinfder @ace bet vedncd he digreaedcprimtd ngpi1and t he
backward 20 printing. According to a third aspect of the present

i nventiog, therechStREorsdad R gLy 9ha CORL aRldRg A 5ghg§im9iéﬁa6{ ance

between forward printing and backward printing .perforne a printing
copar atu= SHUBRUSHPR, LOBCALARR Oh ERLGEPAL LR, LY ShoomTm carecti on
and a second damm gorr okl PALATRLeL.for Dackyard:printing fmge data
Furthermore, it is possible to correct the hue
difference that is caused by putting respective inks on top of
10 - one another at the same position or the same region on the
print medium in the bi-directional printing. The hue change
data at the time of the backward printing may be created based
on the hug produced by the forward printing, and the hue
correction table may be prepared in advance. Then, a
15 luminosity and a color saturation of input image data may be
adjusted by using the hue correction tablé at the time of the
backward priﬁfing, that is, the gamma correction may be
performed. In this manner, it is possible to‘reduce the hﬁe
difference between the forward'brinting and the backward
20 printing.
According to a third aspect of the present
invention, there is provided a method for correcting a color
difference between forward printing and backward printing
performed by a printing apparatus, comprising the steps of:

25 creating a first gamma correction parameter for



the color difference between the forward printing and the backward
printing, and 5 perform ng gamma correction paraneter swtching so as to
sel ect orwO®B/Othes first gamma correction paraneter and tReTIREIA31ganTR
correction paraneter in accordance with the forward printing and the -
backward printing. According to a fourth aspect of the present 10
invention, there is provided a printinag5apparatus that perforns forwarding
printing and backward printing, conprising: a head unit for printing an

i mage; st or FAEYIEHIRE GGt 6PREY P FF r ARYAMTRCEDH r SRATDIFOTESChAP et er f or
forward-printing i rage data, and a second gamma correction paraneter for
backwar d- pr patamgidmepe Sackvspdagrin-ing dimoeedatdi $¢ edericeritniaigel or
between the forward printing and the backward printing; and correction
means for pehéotalicry Jaferenoeriectwasn 2 Feranetieprbsmtichiang $heas to

sel ect one of the first gamma correction paraneter and the second ganma
correction pacRmRtEprintiagcosdance with the forward printing and the
backward printing. According to a fifth aspect of the present 25

inventiaon, there i r Qi i y .exe - - 78169
bOTT P03 03031 - 16 Comni E AP RS TRA 0 A OKCRL e Bl A 800

col or di ff erepe, heteen forweyd printing.and bagkpard printing .

the second gamma correction parameter in accordance With the
forward printing and the backward printing.
According to a fourth aspect of the present
10 invention, there is provided a printing apparatus that
performs forwarding printing and backward printing,
comprising:
a head unit for printing an image;
storing means for storing a first gamma correction
15 parameter for forward-printing image data, and a second gamma
correction parameter for backward-printing image déta so as to
minimize a difference in a color between the forward printing
and the backward printing; and
correction means for performing gamma correction
20 parameter switching so as to select one of the first gamma
correction parameter and the éecond gamma correction parametef
in accordance with thé forward printing and the backward
printing.
According to a fifth aspect of the present

25 invention, there is provided a program to be executed by a



performed by a printing apparatus, the nmethod conprising the steps of: 5
creating a first ganmma correction paraneter for forward-printing inage
data, andwe osetaandd gamra correction paranmeter for backwaPdTpEPaisnilg i mage
data so as to minimze the color difference between the forward printing
and the backward printing, and 10 perform ng gamra correction paraneter
swtching so as to select one of the-flia-st gamma correcti on paraneter and

t he second g:aom’ratcorrecti on par afmeter in a%go dance with the forward
printing and the Backhary B BHRGHG™ 2AREHR n]éort FOX ISR RATaR pettoHf t he
present 15 invention, there is provided a programto be executed by a
conput er so HHALTENER | FrTiRFafaratdsPper ForETich Dagkdargr PatiHgand/ or
backward printing so as to correct a difference in a color between the
backwar d pr ipstrifpgnaddoy he prfigraidaodappandtng, thee mathotli agmappaiat the
conprising: 20 a head unit for printing an inmage; storing neans for storing
a first gamsaeperoéction paraneter for forward-printing i mage data, and a
second gamma correction paranmeter for backward-printing i nage data so as

to mnigze a differeseedim@CehoLcbetpeen.dne farward print 25 and
t he backward printing; andl 83/ 67816% PCT/ JPO3/ 03831fj F%éig%% P’Egebcrti on nean

for perf frggam%géal@rﬁ%n%c%%e BRLAMELEE SWLEN"GaR0a Aot ATt One of
parameter for backward-printing image dafa S0 as to minimize
the color difference between the forward printing and the
backward printing, and
10 performing gamma correction parameter switching so
as to select one of the first gamma correction parameter and
the second gamma correction parameter in accordance with the
forward printing and the backwafd printing}'
According to a sixth aspect of the present
15 invention, there is provided a program to be executed by a
computer so that a'printing apparatus performs forward
printing and/or backwafd printing so as to correét a
difference in a color between the backward printing and the
forward printing, the printing apparatus comprising:
20 a head gnit for printing an image;
storing meané for storing a first gamma correction
parameter for forward-printing image data, and a second gamma
correction parameter for backward-printing image data so as to

minimize a difference in a color between the forward printing

25 and the backward printing; and



correction paraneter and the second ganmma correction paraneter in
accordance with the forward printing and the backward 5 printing. According
to a sevewbDh3azpgert 'of the present invention, there is pCoJPaBzG0H

conput er-readabl e storing nediumthat stores the programof the fifth
aspect or the sixth aspect of the present invention. 10 BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a schematic—ti7ew showi ng a print head of an

inkjet color printing apparatus in the related art. Fig. 2 shows a col oring
material distribution $H*S51ORe"FRE g‘ér o?e‘ﬁ'gb‘é‘]“%@ﬁ FOCPFHEMOCR ype i nks

are ejected at the sane position on the paper. Fig. 3 shows a coloring
materi al di BEFFBEEFOFYITCiRE BAsPEctofsPegser MseAlt Woedfiraly mammeks are
ejected at the sanme position on the paper. 20 Fig., 4 is a flow chart
showi ng pri apkngetont neiragleteanahdkiied sotord gemmbi ngrappaiat garishatcer
perforns a forward printing and a backward printing according to a first
enbodi ment af abeopdasRNtriithy @Ak O8rwdtd@. B WS aadt t R Neadiera@ppl yi ng
gama correction 25 in inage processing. WO 03/078169 PCT/JP03/03031, -18
Fig. 6 showsr-depinati ng/ domi nated relation when two different inks are
printed at the same position on paper.

According to a seventh aspect of the present
invention, there is provided a computer-readable storing
medium that stores the program of the fifth aspect or the
sixth aspect of the present invention.

10

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing a print head of
an inkjet color printing apparatus in the related art.

Fig. 2 shows a kcolorihg' material distribution in

15 the inside of paper when two pigment type inks are ejected at
the same position on the paper.

Fig. 3 shows a coloring material distribution in
the inside of paper when two dye type inks are ejected at the
same position on the paper.

20 Fig. 4 is a flow chart showing ﬁrinting control of
an inkjet color printing apparatus that performs a forward
printing and a backward printing according to a first
embodiment of the present invention.

Fig. 5 shows ; timing for applying gamma correction

25 in image processing.



Fig. 7 is a perspective view showi ng a nechanismof an inkjet printing
apparatus according to a second enbodinent 5 of the present invention.

Fi gs. 8A wpd3®Bishow one exanple of - a head unit of thePCRKpPet03ps3l nti ng
apparatus shown in Fig. 7. Fig. 9 shows an operation of the head unit of
Figs. 8A and 8B at the tine of performng a bidirectional printing 10 on
paper. Fig. 10 is a sectional view of pri-nt paper showing a coloring

materi al distribution gh WO. k_are e%ectg&}at t he

d f e t .'
sane position on paper.lg?g% i&o%gp mﬁﬂ%ﬂ¥gﬁ%ég§%8%£%? baber i Eh sty Wo 15

coloring material distribution when two drops of pignment type ink are

ej ected at tHeT8aRBTpdRES | ¥FF G ipdser atFFe 9gne R tioni AnBERRT an i mage
process performed by using a gamra paraneter according to the second
enbodi nent of the presBht. i hvehtd apergGediige Y3ewhehswamy examptleardfsnt loe
order of colors arranged in the head unit, and shows a dom nating col or
and ‘a dom rat dchkgeloprihitgnglépbsratehr esedtCidy €h agr 8 SHOWMRS RNt
exanmpl e of a color tone change caused by the bi-directional 25 printing..

WO 03/07§16%fP€EéJBQ§éQ@@3ﬁnvéﬂH%oELg. 15 is a graph showing a range of a
reproduced lumnosity of each color.

Figs. 8A and 8B show one example of  a head unit of
the inkjet printing apparatus shown in Fig. 7.

Fig. 9 shows an operation of the head unit of Figs.
8A and 8B at the time of performing a bidirectional printing

10 on paper.

Fig. 10 is a sectional view of print paper showing
a coloring material distribution when two drops of dye type
ink are ejected at the same position on paper.

Fig. 11 is a sectional view of paper sho.wing a

15 coloring material distribution when two drops of pigment utype
ink are ejected at the same position on paper.

Fig. 12 shows a timing of an image process
performed by using a gamma parameter according to the second
embodiment of the present invention.

20 Fig. 13 shows an example of the order of coiors
afranged in the head unit, and ‘shows a dominating color and a
dominated color.

Fig. 14 'is a chromaticity diagram showing one

example of a coloxr tone change caused by the bi-directional

25 printing.



Fig. 16 is a chromaticity diagramshowing a nethod for calculating a
correction anount used to correct the color 5 difference, based on an
angl e di fweroanzaeon the chromaticity diagram Fig. 17 sheeg/Jeemzo3exanpl e of
a gamma for the forward printing and a gamma for the backward printing.
Fig. 18 is an enlarged view of the chromaticity 10 diagram and shows one
exanpl e of a difference between chronﬁﬂ%city of yell ow before the col or

di fference correction d e.chromati eIIOM/aft t he col or
di fference correction: Q &g1§ssﬁoﬁ§a8 %9%h%¥e o?aﬂ%%s el THUTIBEaT es

15 produced . .% rinting and neasured | um nosities produced by
t he backwar d l%PPﬁFF i gamma correction paranmeters that are

created based on Iun1n03|ty reproduced curves of Fig. 19. Fig., 21 shows
measured ink densitiesFpBodl€edsby cRgomhdi¢brwmed thqramtshngiagd aresstioed
ink densities produced by the backward printing in another exanple of the
second enbddimenrtlcubaging@2ai scarttoive hatdurshada) onecexam e @lor
met hod for creating a correction paraneter. according to the 25 second

enbodi nedt efiftfhecpeesephskbavent iaN. andd O34 078169 BCHI RO Oé%matl%%@' g.

23 is a flow chart show ng another exanple of a nethod for creating a
gamma correciiizgRapar anet er accordi ng

Fig. 17 shows one example of a gamma for the
forward printing and a gamma for the backward printing.
Fig. 13 is an enlarged view of the chromaticity
10 diagram, and shows one example of a difference Dbetween
chromaticity of yellow before the color difference correction
aﬁd the chromaticity of yellow after the color difference
correction.
Fig. 19 shows one example of measured luminosities
15 produced by the forward printing and measured luminosities
produced by the backward printing.
Fig. 20 shows gamma correction parameters that are
created based on luminosity reproduced curves of Fig. 19.
Fig. 21 sﬂows measured ink densities producéd by
20 the forward printiné and measured ink densities produced by
the Dbackward printing in another example of the second
embodiment.
Fig. 22 is a flow chart showing one example of a
method for creating a correction parameter according to the

25 second embodiment of the present invention.



to the second enbodi nent of the present invention. 5 BEST MODE FOR CARRYI NG
QUT THE | NVENTI ON A first enbodi nent of a bi-directional color printing
met hod acworodiorRjée o the present invention will be descri peaJréi/g03ld is a
flow chart of printing control in the bi-directional inkjet color printing
according to the first 10 enbodi ment. When a printing head noves forwards
on a printing nmedium (NOin step Si)s2@-normal printing process is carried
out in step S3. On the other hand, when the printing head noves backwards
on the printing medi ufl@YESSi ASstefiSM CharkgsheBipPoeretiay $E2BRYS i out
on input .i mage data by perform ng gamma correction, using a hue correction
tabl e that ®hasebeedh fereagredtingadvanse? aerseepisSR. pAreeeter epcSRrding
printing process is carried out in step S3. After step S3, it is
det er mi ned to SteepeSbndhembedimsnnaif tihe presehhgipracess.i s 20 fini shed.
When it is determned in step S4 that the printing process is not

finished, the procedure returns to step S1. Meanwhile, when it is
determned in step S4 that the printing process is finished, the printing

| s compleet exd ) W HORARRY 1R dilr difeGARALRT I Nting s a 25 spec al
printing .—and in WO 03/078169
PCT/ JP0O3/ 03031 -21 uzr%L,g S%@b<%£§ n&ggirﬁggionaLt Q{q%i@g i n which the
printing is carried oat “by°6nFYIHe"For war & VERERT S 61 & BFi nti ng head
s perfor negfirf{:ci%()gjr gller‘églo)c/i’ agggl_[]ditnge tboa?:%\ga{ogesent invention will be
described. Fig. 4 is a flow chart of printing control in the
bi-directional inkjet color printing according to the first
10 embodiment.
When a printing head moves forwards on a printing
" medium (NO in step S1), a normal printing process is carried
out in step S$3. On the other hand, when the printing head
moves backwards on the printing medium (YES in step S1), image
15 processing is carried out on input image data by performing
gamma correction, using a hue correction table that has been
created in advance, in step S2. After step S2, a printing
process is carried out in step $S3. After step S3, it is
determined in step S4 whether or not the printing process is
20 finished. When it is determined in step S4 that the printing
procéss is not finished, the procedure returns to step S1.
Meanwhile, when it is determined in step S4 that the printing
process is finiéhed, the printing is complete.

In other words, the bi-directional printing is a

25 épecial printing method for improving a printing speed, and in



printing is carried out, the gamm correction value that is 5 adjusted
based on the gamma correction value of the forward printing is used to
correct twe odioffier ence in the hue between the forward priperiJrg/@ndl t he
backward printing. This gamma correction printing is repeatedly perforned
until all of input inmage data is processed. In this 10 manner, it is .
possible to performthe printing procegs-in which the difference in the hue
between the printed line of the forward _printing and the printed |ine of
the backwar'@®Udy iGSefy it&esHBi TdiggefionadhpRdnthRIt i Wy Forth&ppl vi ng t he
gama correction in the inmage processing. 15 Fig. 6 shows

doni nat i ng/ekHaied sr eharied oft thio ordyl ¢he £havard engament phetBanme poi nt
on the printing nmedium The dom nating/dom nated relation of the two
colors is peverised hsaen ishpepfotiedlg diceeetiioglys wihanged baekwhhe
forward direction to the backward direction. The gamma 20 correction val ue

used in prosessiing iikegardata bof, e fREMAr dorr8etNdn REhle TR 19 be a
standard. Accordingly, in the case of producing a certain hue by the

bi-directio [Nt t it Q. or.{.S.¢C d
dom nat i%ng %ﬁ%&éi}%‘g%%td hgﬂ’gg}?ﬁ n(gatq“énl‘dan ccgli}%r%qit%g%h%a Ige(:kg\/\?)f;;{gl%prf F%F.L%‘g (that

is, 25 thi l.or i h to be first printed th LNt WO
03/ 078160 PRSP0 08037 0. 29 TR G G TACT EASEd LNt 1Bt POR'TE™  hi s

hue by the domi nating/dom nated change of this color is reflected on the

gamma cor r bt orPErde PEENERRG 2R L dEEKATHr BELREIMY | mage

This gamma correction printing is repeatedly

performed until all of input image data is processed. In this

10 manner, it is péssible to perform the printing process in
which the difference in the hue between the printed line of
the forward printing and the printed line of the backward
printing is small. Fig. 5 shows the timing for applying the
gamma correction in the image processing.

15 Fig. 6 shows dominating/dominated relation of two
colors that are put at the same point on the printing medium.
The dominating/dominated relation of the two colors is
reversed when the printing direction is changed from the
forward direction to the backward direction. The gamma

20 correction value used in processing image data for the forward '
printing is made to be a standard. Accordingly, in the case
of producing a certain hue by the bi-directional printing,
when the intended color is changed to the dqminating color
from the dominated color in the backward printing (that is,

25 this color is changed to be first printed on the printing



data for the backward printing, and when the intended color is 5 changed to
the dom nated color in the backward printing (that 1is, this color is
changed twoOlg/opsismt ed on the ot her color on the printingPegEdPensast er the
other color is printed), the decreased contribution.to this hue by the
dom nati ng/ dom nated change of this color is reflected on the ganma
correction 10 value of this color. WieR2only a single color ink is printed

at a certaip_region on the printin iu there.i.s no difference in the
hue bet \Aeenglteﬁgg#lgf A PESRY 5%8%% ug}ooe{b%ﬁar Br FH‘?i%,t}%eo that such a
single color_ink to bf printed on the printing_mediumwthout bein

af fect ed by 98TABR FABICHIHMG RS CREndRsPF abtP i Fok FeEeEleGiach aredfect to
the forward and backward printing. The gamma correction values RevC (err)

, RevMy , ReyvaycomrrriRevK vizlusedfi php? cewlswt ngedmigerdatesSiowy timege
backward printing (the reverse-direction printing) in this enbodi nrent 20
are shown i dathefequdié¢ dackwakRdvEryntifyy andDdiieX Khe intepded Monotr Bdp X
Yin RevMy = MY - DAdw X Kin - Dup XCmn.+ Dup X Yin RevYy =YY - Ddw

X Kin - DupcKakydd - tdUtheX dMrinaReMKey1 6 K HOWa¥kfh Ba Ho Pup: A M RnsDup X
Yin. 25 In the equation 1, C'/ through KY indicate the 03/ 078169

PCT/ JP03/ 03931 . i ysed i ing, | d
93 Eﬁgé”.&ﬁ@ia 1%0(%;51%{3%;!98%&! %dél‘ﬁgmt‘hzceet@lh'oﬂ Qﬁgcgﬁéf‘%o'ﬂ%g%n ata

for the forward printing an respon e reéspective colors C

through K %Hg 13RJ.§:|\./n 1Yng} r}r{e%li%pn 5%%@ Jcl'?gloct%eer tc%ﬁo%aimgaprinted) , the

-decreased contribution to this hue by the dominating/dominated
change of this color is reflected on the gamma correction

10 value of this color. When only ‘a‘single color ink is printed
at a certain region on the printing ﬁedium, there is no
difference in the hue between the forward printing and the
backward printing, so that such a single color ink to be
printed on the printing medium without being affected by other

15 color inks is desirably not corrected with respect to the
forward and backward printing.

The gamma colrrection values RevCy, RevMY, RevY?v,
and RevKY used in processing image data for the backward
printing (the reverse direction printing) in this embodiment

20 are shown in the equation 1:
RevCY = CY — Ddw X Kin + Dup X Min + Dup X Yin
RevMY = My — Ddw X Kin — Dup X Cin .+ Dup X Yin
RevYyY = YY — Ddw X Kin — Dup X Cin — Dup X Min
RevKy = Ky + Ddw X Cin + Dup X Min + Dup X vin.

25 In the equation 1, Cvy +through KvY indicate the



correction values used in processing inmage data for the 5 backward printing
and corresponding to the respective colors C through K G n through Kin
are flagswokan7diecone "1" when the correspondi ng col or i $CraPiBszo3pst nted at
the sanme intended position on the printing paper, and the flags of Gn"
through Kin becone "0" when the corresponding color is not to be 10
printed at the intended sane position-88-the printing medium Dup of the
color that is nultiplied by this Dup in the equation 1 is_a caoefficient
whose val ue988F? SPRFEELPT TREUST nerhs'd REGREFFbUTI BP9 dé KGE pPBduced
when the colors are printed at the sane position on the printing nedium
and Ddw 15 &¢rvded quliovtingapnilscomrespindidichEot khe DeRPeatitvee cedaasi on 1
is a coefficient whose val ue corresponds to the decreased contribution to

the hue prodneeshiwien ankie Reotor scidomighr RBVES  ialdildagesane gamidi on on the
printing nedium The equation 1 shows the case where the col or order

arranged i ncbheediidnt G128 head i _rdcaestsh@ugomggeoaa&% for Mheand Y toward
the forward direction as shown in Fig, 6. Wien the color order and/or the

nunber of cgl ofs A garqinftfiﬁge%%%;fgﬁ%ét A %Bo%ﬂeifbfﬂ&t&% cAngtber

equation is prepared on t e equation 1. According to this
enbodi nent , _ when .t pri.nti i 5 carried aout.ip the bagkward direction,
t he gamma cBPF et g‘ﬁ V\glESFngli%@ %ﬁ/%%@ﬁ?&ha{eﬁe ‘3/0<5{[feuels§L a?“’g‘egvvl%ﬁ%hed
to the gamma correction values for the backward Erinting, I n ot her words,

when two or CREFESRUNGIY CRLET piF nER_PAPHAEEafe PBRi I3 I8FerReprinti ng

mediumin the
position on the printing paper, and the flags of Cin through

Kin become “0” when the corresponding color is not to be

10 printed at the intended same position on the printing medium.
Dup of the color that is multiplied by this Dup in the
equation 1 is a coefficient whose value corresponds to the
increased contribution to the hue produced when the colors are
printed at the same position on the printing medium, and Ddw

15 of the color that is multiplied by this Ddw in the equation 1
1s a coefficient whose value corresponds to the decreased
contribution to the hue produced when the colors are printed
at the same position on the printing medium. The equation 1
shows the case where the color order arranged in the printing

20 head unit is the order of K, C, M, and Y toward the forward
direction as shown in Fig, 6. When the color order and/or the
number of colors are different from the case shown in Fig. 6,
another equation is prepared on the model of the équation 1.

According to this embodiment, when the printing is

25 carried out in the backward direction, the gamma correction



backward printing, the gamma correction values on which the 5 increased or
decreased contributions to the hue by the intended colors are reflected
are used.wbuwswfsasrore, when only a single color is print@dTaPo33psisition
on the printing nmedium the gamma correction value for the forward
printing is wused both at the tine the forward printing is carried out and
10 at the time the -backward printing i*4arried out. Accordingly, in this

enbodi ment, whenst he. b wf%éﬁ&% Qp%heprlntln fﬁﬁﬁﬁgF;géieﬁﬁa%oﬁk$§$ﬁ23IB;e

to obtain color repr oducti on havi ng He'Sane

the uni-direg onal rlntlng 15 An |nk1et printing apparatus of a second
enbodi nent %hccg?ﬁgﬂﬁp :FH% priEs S SF nYRHES orfie® $WeWATi ROF: (colprs n Fi g.
7, the reference nunber 1 designates a frane, 2 and 3 guide rails, 4 a
carriage, 5%&SgRrHetef atle the samei pPAjtyemron the pspnothetmegdam i8: ahe
platen,. 8a a sending knob, 9 a pressure 20 roller, 10 a head unit, and 15
print paperbackwarﬁi§rinﬂQHg, thel ghinng  apparatis, vbmhhse@ﬂSwKEchﬁhémﬂ de
rails 2 and 3 are supported by the frame 1 with the guide rails 2 and 3

bei ng |%i dinandasde @Arddage séd soRBHIbEE Oy thae taui Heergéélale? and 3 so
as to nove along the guide rails 2 and 3 relative to the guide rails 2

and 3. A dr E%tB8ISOW LR SUGR S @1 03 PCT/JP03/03031
-25 shown) may nove the carrFﬁgg 4 ggéﬁ%ﬂfh%¥%% %ng%g%B T t

g;;gf;boﬂiogﬂggc %’qiéze tlg,jéﬁlp%{; \évaébr?{%gﬁcl \ﬂ7 H&Egglglllaér?nthe L;qui%}tlggs the

medium, the gamma cor;ection value for the forward printing is
“used both at the time the forward printing is éarried out and

10 at the time the backward print;ng is carried out. Accordingly,
in this embodiment, when the bi-directional printing is
performed, it is possible to obtain color reproduction having
the same quality as that obtained by the uni-directional
printing.

15 An inkjet printing apparatus of a second embodiment
according to the present invention‘is.shown in Fig. 7. In Fig.
7, the reference number l‘designates a fréme, 2 and 3 guide
rails, 4 a carriage, 5 a guide plate, 6 a driving gear, 7 a
sprocket gear, 8 a platen, 8a a sénding knob, 9 a pressure

20 roller, 10 a head unit, and 15 print paper. -In this inkjet
printing apparatué, both ends of the guide rails 2 and 3 are
supported by the frame 1 with the guide rails 2 and 3 being
laid( and the carriage 4 is mounted on the guide rails 2 and 3

$0 as to move along the guide rails 2 and 3 relative to the

25 guide rails 2 and 3. A driving source such as a motor (not



source (not shown) via the driving gear 6 and the sprocket 5 gear 7 takes
in the print paper 15 placed on the guide plate 5. The print paper fed by
t he pl at ewod3pozi6be sent in the direction indicated by tReTaPo3nsoB of Fig.
7 inrolling contact between the circunferential surface of the platen 8
and the pressure roller 9 opposing this surface of the platen 10 8. Wen
the head unit 10 of this |nkjet printi-ag- apparatus ejects ink to print an
i mage on the rint paper the print paper 15 is. sent in-the sub- runnlng
direction (Fhe™) e Hmvree&?“ieoﬁa?fﬁ%l‘?‘%%tﬂed‘adﬁ}nﬁhéhﬁr}EL%WB}nWhl]ioe iphé&hgead
unit 10 15 is aned in the main running directions (i.e., the directions

i ndi cat ed bgireetimrown)icatied hagheidarcr0 ArednFéd. oh. t Hehe avleitage 84 of
the inkjet printing apparatus of Fig. 7 is shown in Figs. 8A and 8B. The
head unit l16hatchalesheejsecidiany knbbs8dlandlZiaylBe aodaléd B4 cerriespendi ng
to respective colors. Generally, the head wunit 10 integrally formed with

the ejecti oBouhid S(nbk IINAMGN viddBE egtiSr K g%arp@r £08 MY | PPri@etEach of
t hese ejection unlts 11 through 14 has a plurality of ejection nozzles as

.SQOET?L%:B et pHikE 3%1335@ ?:%;BKB%’%‘?J%SMP%%% 6’8?%%0?9%% SBfae's. 10
10
g??grrgc?ioﬂg? éﬁ%ﬁf'§%§e%nf%ﬁeb%?€%?L§i§ﬁﬁn fggaPs gh%%ﬁglﬁhlﬁhf 9. In this

exanple, the ejection units 11
direction indicated by the arrow B of Fig. 7 in rolling

contact between the circumferential surface of the platen 8
and the pressure roller 9 opposing this surface of the platen
10 8.

When the head unit 10 6f this'inkjet printing
apparatus ejects ink to print an image on the print paper 15,
the ﬁrint paper 15 is sent in-the sub-running direction (i.e.,
the direction indicated by'the arrow B) while the head unit 10

15 is moved in the main running directions (i.e., the directions
indicated by the arrow A).

The head unit 10 mounted on the carriage 4 of the
inkjet prinfing apparatus of Fig. 7 is shown in Figs. 8A and
8B. The head unit 10 includes ejection units 11, 12, 13, and

20" 14 corresponding to respective colors. Generally, the head
unit 10 integrally formed with the ejection units 11 through
14 ejects ink to perform printing. Each of these ejection
units 11 through 14 has a plurality of ejection nozzles as
shown in Fig. 8A. 1In Fig. 8B, an ink drop ejected from the

25 head unit 10 is placed on the print paper 15.



through 14 are configured such that black K, cyan C, nmagenta M 5 and
yellow Y are arranged in that order toward the forward direction in the
mai n runmvog3dirsiecti on as shown in Fig. 9 (in this exanplPer/JPiBsz03nsf t
direction of Fig. 9 is the forward direction). However,, the order and the
nunber of colors are not limted to this exanple, and the different order
and the 10 different nunber of colors +&6+~ be used in the head unit. In this
exanpl e of the head unit 10 shovvné'n Fi%. 9,., at the time of the é)rinting
in the forward directi8h EFoRR1e & SPhePEFAEIOr ThetfomRarduptEnt? iy, the
color inks are ejected to the same position on the print paper 15 fromthe
head unit 15PFROTHRet RE Ebf i vHdectdpnrl primfinnny that prhetthaeenfli he
printing in the backward direction (the right direction of Fig. 9)., the
col or inks dresbépwotéd Fbgt he. sdme thosi ekampba, tie oieicntopapertd5ifromt he
head unit 10 in the color order of Y, M C, and Kthat is the reverse
printing colrroagtet 40hrtheon 20yd@sarasi@nhprinati BgacﬁSngﬁfe{ﬂ hed ghpvwea due
to the coloring material fixing characteristics, when different col or inks
are ] est ed0ybhigonanes ROSLL B! B8 E0RE 4R QREAS! B NHG By g t he
color ink that is first ejected to this position is larger than ]ﬁe
contribution, he_col of, | th is later ejected. .25 Fig. 10 is a
sect i onal v{ael\l%v%grﬁg%nngﬁa%h%%nl%ﬁ %thlv\% %:33/*%% aﬁc*?)‘?%e&’gs%]ﬂ- 9 Jn
coloring material distributiaon in the print paper 15 when two dye type
X g F

col or inks areSefBetRuCt o L LpBEF+7R P orf Hhe 9 Bei Rbephperads. As
shown in Fi%.. 10, the color ink Athat is '
irection) . However, the order and the number of colors are

not limited to this example, and the different order and the
10 different number of colors may be used in the head unit.

In this example of the head unit 10 shown in Fig. 9,
at the time of the printing in the forward direction (i.e.; at
the time of the forward prinfing), the color inks are ejected
to the same position on the print paper 15 from the head unit

15 10 in the color order of K, C, M, and Y. At the time of the
printing in the backward direction (the right direction of Fig.
9)., the color inks are ejected to the same position on the
print paper 15 from the head unit 10 in the colo£ order of Y,
M, C, and K that is the reverse printing color order of the

20  forward printing. As described above, due to the coloring
material fixing characteristics, when different color inks are
ejected to the same position, the éontribution to the hue by
~the color ink that is first ejected to this position is larger
than the coﬁtribution by the color ink that is later ejected.

25 Fig. 10 is a sectional view showing an example of



first eject

ed to the print paper 15 spreads in the print paper 5 15 nore

widely than the color ink Bthat is later ejected to the print paper

Accor di ngwe, 030864 i xi ng range of the ink A becones diffePemtJPéyonstt he
fixing range of the ink B. In other words, the fixing range of the ink A

is larger t

15.

han that of. the ink B. As a result, when two color inks A and

B (e.g., 100 Cand M or Mand Y) are e?éeted to the same position on t
15, the contribution to the hue by the ink Ais Iarger t han

pri nt paper

the contri bEetIM1% HHEHRGE B&SFF&P?§ﬂ9qunFFBe @il?g RERSScthioHar

showi ng an

ViR

he

exanpl e of coloring material distribution in the print paper

when 15 pi-gient BB edoroinkakararel «test é@ thet aems rs igosint pantba 't

print paper

ink B that

into) .the prirét paReIted0 tb5thdspaidePider dgesﬁ
fixing characteristics, the contribution to the hue by the color ink A

that stays

contrlbutlon by the color 1nk B.

15. The color ink Athat is first ejected to the print paper
15 stays atpfthiogsrpdm)lsSt.heAsushaoe iof Fike 1pri bhe papbrsr Iimk andhtheisol or

he

is later ejected to the print paper 15 sinks inside (further

ochdle GOl1Hd REiARt ghpak
2 rﬁct'kee %rdle%%tﬂgntjﬁ'ﬁe Q:F‘| lQ)tr RaRes %ﬁa{:slé af etjre%@eah@o

ere is a tendency t at the hue

contri butiop char.a terlstl in the nt pe.25 colaor in . hor

vi si bl e thaﬁh?H%Jhﬁe PESRt i lﬂl%ﬁ?%&ﬁﬁ%ﬁ§78féé g%ﬁ?@%d?fﬁ@b? §8ln

characteristics in the 6y pe col or inks. Accordﬁﬁgly, i.n the case of the
e

bi - di r ect i ohaPeCPGHGLF

10

15

20

25

CRRE| 85O0 priehtiifig ngpEengs

other words, the fixing range of the ink A is larger than that
of. the ink B. As a result, when two color inks A and B (e.g.,
C and M( or M and Y) are ejected to the same position on the
print paper 15, the contribution to the hue by the ink A is
larger than the contribution to the hue by the ink B.

Fig. 11 is a sectional view showing an example of
coloring material distribution in the print paper 15 when
pigmeﬁt type color inks are ejected to the same position on
the print paper 15. The color ink A that is first ejected to
the print paper 15 stays at (closer toj the surface of the
print baper 15, and the color ink B that is later ejected to
the print paper 15 sinks inside (further into) the pfint paper
15. As a result, due to the coloring material fixing
characteristics, the contribution to the hue by the color ink
A‘that stays at the surface of the print paper 15 is larger
than the eontribution by the color ink B. There is a tendency
that the hue contribution characteristics in the pigment type

color inks are more visible than the hue contribution

e

15

Bs téaRen into



account, it is also. necessary to take into account the hue 5 contribution
change when two color inks (e.g., Cand M or M and Y), or three color

i nks (e. gwpo@o7dvband Y) are ejected to the sanme positionPom/JPosz03p3t nt
paper 15. As described above, particularly, in the case where the print
paper 15 is greatly noved each tinme the forward printing or the backward
printing 10 is perforned, there is a ppgsibility that the difference in
the color (the color may include the hue, the chromaticity, the

| uni nosi ty, ChHEPrsHs tdeasitpytharmys Hens 1€8) cbetben the forward printing
and the backward printing appears as a lateral stripe. 15 An exanple of a
timng or a position fAgrcopdifigim ntp Ere iodsge opfr bbeskirdl fBchisnag gamma
correction paranmeters according to the second enbodi rent of the present

i nvention ipsrishiown Whiffiega pZintind higeceXdnplevethder eifriakdeno iptocessi ng
patterns. In a first processing pattern, alnost all of image 20 processes

are perforned-Hy,@ pgr 3angh s60HPM &Ia:RCrd RaRe $REONUUL W QGESSLNGyRAt tern,
the PC perfornms a part of the imge processes, and the printer perforns

th i ni ' : . di : t~ i tiqn,th
coror o 11ershen P AR RRE Bl S, (e UhRE P T 0 R 8P 0T e

first processing pattern or the second processing ttern. WD 03/Q78169
PCT] P03/ 0305 587 FIERE FPISE Prictetaring pat Horhs Vheiscalessed B nt er

driver, and perforns a part of image processes by software. That is, in

the first pEeRexin@Posdtiernont Hee FTipdr PoPRE 45O Hrirsmzibed above,

particularly, in the case where the print paper 15 is greatly
moved each time the forward printing or the backward printing

100 1is performed, there is a possibility that the difference in
the color (the color may include the hue, the chromaticity,
the luminosity, the print density, and the like) between the
forward printing and the backward printing appears as a
lateral stripe.

15 An example of a timing or a position for performing
an image processing by using gamma correction parameters
faccording to the second embodiment of-the present invention is
shown in Fig. 12. In this example, there are two processing
patterns. In a first processing pattern, almost all of image

20 processes are performed by a personal computer PC. In a
second processing pattern, the PC performs a part'of the image
processes, and the printer performs the remaining image
processes. According to the present invention, the color
difference correction processing can be performed in either

25 the first processing pattern or the second processing pattern.



in step S11, and perfornms a BG UCR process and a ganma 5 correction process
in step S12. Next, the PC perforns a series of inage processes. For

exanpl e, wha3@B1iperforns a zoom ng process in step S13, aW/JIpeyd3031ns a
many-val ued/few valued matrix process in step S14. On the other hand, in
the second processing pattern,. first, the PC uses a printer driver, 10
and perfornms the inmage processing by sabtware. That is, the PC perforns a
CWM process_in stqg.821, and perfornms a BG UCR_process and a gamma
correction pProtBSstirFiRiPCsssingThetkit ertha RE PERAL RrPPEITST FE1HEer i es
of image processes. For exanple, the printer perforns hardware processing
by a 15 congndl berfotnmata ipartpeff ohage oxomdseg pyosessvwire st dha$23s, and
perfornms a many-val ued/few val ued matrix process in step S24. In the PC, a
printing cotmate i &igengmicedsingnpaapptn catheowcs pbtfores exenmt edobyskthe
PC, image data is 20 processed by using the printer driver incorporated as

software i Ant BeepPE0, THMpbashehs datss el Abecdot apatd efdfat a. After
that, the raster data is sent to the inkjet printing apparatus, and the

i nkj et i N} rtor régin as 0p~t ived raster

dat a. Iggth%bgggggp e é%%ﬁggz 8in ? té{gin?%ﬁ%”aﬁggrg?dggagﬁﬁgrﬁs t he i mage
processes, the, WD 03/,078169 PCT/JP03/03031 -3 gagg& correction paraneters
used for pePFOIRAT My tHELTaRTECCERTT ecti Un BPAEPSCor £0° | 1° PP Such as a

ROM of the inkjet printing apgaratus. In_the case where the ganmm
correction g8oming process 1n step S13, and performs a many-valued/few-

valued matrix process in step S14. On the other hand, in the
second processing pattern, first, the PC uses a printer driver,

10 and performs the image processing by software. That is, the
PC performs a CMM process in step S21, and performs a BG/UCR
process and a gamma correction process in step S22.
Thereafter, the printer performs a series of image processes.
For example, the printer performs hardware processing by a

15 controller, that is( performs a zooming process in step S23,
and performs a many-valued/few-valued mat:ix process\in step
s524.

In the PC, a printing command is generated from

application software executed by the PC, image data is

20 processed by using the printer driver incorporated as software
in the PC to form raster data that are dot pattern data.
After that, the raster data is sent to the inkjet printing
apparatus, and the inkjet printing apparatus performs printiﬁg
based on the received raéter data. In the case wheré the

25 inkjet printing apparatus performs the image processes, the



performed by the printer driver of the PC, the gamma 5 correction
paraneters are stored in a storing device such as a hard disk in the PC
Accor di ngwoesitaesecond enbodi nent, the PC having the i necrpgeexisesl printer
driver includes storing neans such as a hard disk for storing the ganmma
correction paraneters used in processing imge data for the forward 10
printing, and the gamma correction parapeters used in processing inage
data for the backward printing. The ganma correction paranmeters for. the
forward pri @2PRYy EEGHPer BAEAME NG (UReydRFaPebE P ER 1D PafaiBter s f or

t he backward printing such that the color difference caused by the

bi - di recti oparrd®imm mirengtbsedi i i zehorfheucheas i @ R@ athehgammbjet
correction paraneters will be described |ater. The printer driver

i ncor por at egrimtidie dPpakasus. cors eglid A daunteirenthé G oigecthen gasma
correction paraneters used for processing i mge data sent to the head unit

10. Thi s gapERr SHILE @RePBE 8ABL LT SWFCRLAOPES PRS fRIRd by switching
the gammma correction “paraneters stored in the storing means in accordance

W th the f8<{5¥\%%i%glir ?;}]a%fg%eéggswf? backway d,py %‘%&P&%eré%c%t EHS?U%QF’QV atus

such as the I'ng apparatus nay have S rection ction of

switching the gapma correctign 25 paraneters. The ganpma correction
par anet er ug%ﬂgﬁﬁggf6€e§g?nacvm)%F Roy tﬁC?FﬁP@?%ﬁgb oddmenfpgkigat a

for the forward printing or the backward printing is also referred to as
t he gamma cBf rastingh thar arepeporasrd Prifgert Asiver wardl ystesnsitaging t he
backward printing.

means such as a hard disk for storing the gamma correction

parameters used in processing image data for the forward

10 printing, and the gamma correction parameters used in
processing image data for the backward printing. The gamma
correction parameters for. the forward printing are different
from the gamma correction parameters for éhe backward printing
such that the color difference caused by the bi-directional

15 printing is minimized. The creation of the éamma correction
parameters will be described later. The printer driver
incorporated in the PC has a correction function of switching
the gamma correction parameters used for processing image data
sent to the head unit 10. This gamma correction parameter

20 switching is performed by switching the gamma correction
parameters stored in the storing means in accordance with the
forward printing and the backward printing. A printing
apparatus such as the inkjet printing.apparatus may have this
correction function of.switchiné fhe gamma correction

25 parameters. The gamma correction parameter used in processing



In the second enbodi nent, the switching of the 5 gamma correction
paraneters is perfornmed such that at the tine of the forward printing, the
gama corweaBittiepar aneters for the forward printing arePa¥d#o3/@nsl at t he
time of the backward printing, the gamma correction paraneters for the
backward printing are used. By perform ng the switching of the ganma 10
correction paraneters, the difference-3ithe contribution to the hue as

shown in Figs._ 10.and 11 can suppressed, The, bi-directional printing
met hod is aqglﬁ‘gjcéi %?Q%r%%iﬁbe, %&‘W&%Q POLOHRA &4 ide Rechrardiprgintpewd, and
in usual cases, .the uni- directional printing method in which only the
forward printi AGSA5EFECHRS domed ithenEipngy garfestriog. pEoemebéss (eashn, the
gama correction paranmeters used in,processing inage data for the forward
printing ar &o&t dhdaferpardmetiertsngWhenthdeodaolanar griptingi ng i s performed,
the ganmma correction paraneters for-the backward printing that are

adj usted based on the panmte 2@coatr esbbeimdat ANBlL%1Eehihhe F oryard
printing are used. In this manner, the difference in the contribution to

the hue ®r gbhRacebeFediang pbaraRELert ey ﬂggfdfﬂ%doguggeﬁﬁ%%éaeg%&%%ﬁ%%ﬁg 25

paranmeters is advantageous in that the cost Is not nuc

creation andcagjustent .he.parapeters can be made easily. WO 03/078169
PCT/ JPO3/ 030319 %31%2 A cﬁ@ﬁntptrrégl%éggan e 4L &?éf&eggl%p%?re%fétt% &6ror
difference, gu%Oa %%gcial environnent is required for creating the CVW
table, and tHE tPEHIDP P HRE BRI t8tH e aked &Dgr bame defalthef backward

printing, the gamma correction parameters for the backward
printing are used. By performing the switching of the gamma

10 correction parameters, the difference in the contribution to
the hue as shown in Figs. 10 and 11 can be suppressed. The:
bi-directional printing method is a special pfinting method
for improving the printing speed, and in usual cases, the uni-
directional printing method in which only the forward printing

15 is performed is mainly performed. For this reason, the gamma
correction pgrameters used in processing image data for the
forward printing are standard parameters. When the backward
printing is performed, the gamma correctién parameters for the
backward printing that are‘adjusted based on the gamma

20 correction parameters for the forward printing are used. 1In
this manner, the difference in thé contribution to the hue or
the color tone is corrected.

The use of the gamma correction parameters is

advantageous in that the cost is not much needed, and the

25 creation and adjustment of the parameters can be made easily.



time. In addition, there is not flexibility at the stage of 5 the CVW table
devel opnent, and after a user obtains the CVMM table as a product, it is

di fficul twbes/otdie user hinself or herself to adjust the EEVIPein3e31
Meanwhil e, in the case of the ganma correction paraneters, the user can
easily create and adjust the gamma correction paraneters. 10 According to
t he second enbodi nent, when the bi- di¥&ctional printing is carried out,

the switchi t a correction, paranmeters i.s perfor so that the
col or corﬁgg?@g%a%§8cg%§?ﬁ% HetomE st ngp¥?5%uﬁﬂﬁi9ﬂ}9riEgggeﬁﬁg?e'to
create and adjust the 9anna,correcthon paranmeters, so that 15 the workl oad
for the devdlofmERECHRTt ARV HERRE HoriSe CEABA P ar et T ing §hal Fand even
t he user who does not have a "special tool can easily adjust the ganmm
correcti on alereteds the Foredekamorad, thiee Cfdnmbaborradsts engparaneeal sofised
in processing inmage data for the forward printing are set to be 20 the
sanme as thasieeusedni adpt dr@ssitigdardgendat Al éotbihiecyusitaltheustadiéreet i onal
printing, and when the backward printing is perforned in the

bi - direeti onal i REbNE, d4HEL GMETR: CARHEEELOR o R AMRIARS nkOEnt hevipackwar d
printing that are adjusted based on the gamma correction paraneters for

e Lot S50 BEROE, 1550 iR TIET s masBI Sl
hue o1 Lhe sehras Lol L, BpL MRSl e b O ety onal melniLng.2pd, fhe
the gamma correction parameters, the user can easily qreate
and adjust the gamma correction parameters.
10 According to the second embodiment, when the bi-
directional printing is carried out, the switching of the
gamma correction parameters is performed, so that the color
correction processing becomes simple. In addition, it is easy
to creafe and adjust the gamma correction parameters, so that
15 the workload for the development of'the gamma correctioﬁ
parameters is small, and even the user who does not have a
special tool can easily adjust the gamma correction parameters.
Furthermore, the gamma correction parameters used in
processing image data for the forward printing are set to be
20 the same as those used in processing image data for the usual
uni~directional printing, and when the backward printing is
performed in the bi-directional printing, the gamma correction
.parameters for thevbackward printing that are adjusted based
on the gamma correction parameters for the forward printing

25 are used. In this manner, it is possible to suppress the



Fig. 13 shows an exanple of the color order in the 5 printing head and
dom nati ng/dom nated colors in the bi- directional printing. In Fig. 13,
when two woloangsieut of shown four colors are printed at wPlg/Jeeansoposi tion
on the print paper 15, the dom nating color and the dom nated color are
shown. Wien the forward printing is swtched to the 10 backward printing,

t he dom nating/dom nated color relatio®t+s reversed. A dom nating degree

and a dom nat degree of the _col grs change,  dependi ng .on.a,t of print
paper and tGr‘a;’efeéj 5siTi %Heo?o}?ﬁ(s&hlgr g‘&?cggdtﬁ%n&l’ﬁcﬁn?%df&gw né%gﬁe%rbl or
relations at the tinme of the forward printing and at the tine 15 of the
backwar d priif itig ddrecgésepl bt 1 Hathenfothewr Rl I Eeffatio®dd Prandindt hat
are a sinplified relation for a sinple description. The predicted col or
dom nat i ng/dont nat ed neehatl i pninting hedei.ne of the forward printing
(equation 2): K>CMY. 20 The predicted color dom nating/dom nated -
relation at the time ofigl.hesbarkwarth prdafipilegof eghat calivS)ard¥zMee>Khe Fig.
14 is a chromaticity diagram showi ng one exanple of the color difference

caused By the bidiy ecbihonall aPhiddiNg/cHhenkheber eocsnumbens 81, 22, 23,
24, 25, and 26 25 "designate characteristics curves show ng the colors or

the WO 03/ 078169 .PCT/.JPQ 1 =34.hue r ci.i -
characteris J|“szes(%:cll?r%\-l‘/;tel ?ﬁégg&g' reI %l%gr?ﬁfeﬁﬁ§§ %Vhée/e%%irom%r g%r?ﬁti ng, the

har Cisti : P
characte Is§ﬂ£§3(¥guéec%%orghg¥§ ééﬁ%égdpgkn%ﬁg QXmérE%§¥¥¥8ﬁa%% Eﬁgntlng, the

print paper 15, the dominating color and fhe dominated color
are shown. When the forward printing is switcﬁed to the
10 backward printing, the dominating/dominated color relation is
reversed. A dominating degree and a domin;ted degree of the
célors change, depending on a type of print paper and the
composition of inks. Predicted dominating/dominated color
relations at the time of the forward printing and at the time
15 of the backward printing are described in the following
equations 2 and 3 that are a simplified relation for a simple
description.
The predicted célor dominating/dominated relation
at the time of the forward printing (equation 2): K>C>M>Y.
20 The predicted color dominating/dominated relation
at the time of the backward printing (equation 3): Y>M>C>K.
Fig. 14 is a chromaticity diagram showing one
example of the color difference caused by the bidirectional
printing. The reference numbers 21, 22, 23, 24, 25, and 26

25 designate characteristics curves showing the colors or the



characteristics curve 23 shows green G printed by the forward 5 printing,
the characteristics curve 24 shows green G printed by the backward
printing,wohaothies act eri stics curve 25 shows blue B pri ntred/Jpgs/ashsar f or war d
printing, and the characteristics curve 26 shows blue B printed by the
backward printing. According to.the equations 2 and 3, the color 10

dom nati ng/ dom nated relation (the chagaeteristics curve'21) of red Ris
reversed to becone the color doninating/domnated relation (the

char act eri sk¥e%: cigspectiyehiien THe FHHRaTGTLHELATI AEFVS SwiSONEdTE8 Rhe
backward printing. When the backward printing is perfornmed (the -

char act er i spristaslioye t22) fotBar@doRithgld, nétiet chehectetlgwcsi darive 22 |
generated. As for green G when the backward printing is performed (the
char act eri sthess VR M)intgdeey €hd neldkweddt prifheiye) 1w side is
generated. As for blue B, when the backward printing is perfornmed (the

characteri Séh&ﬁa&&érr\i%t%@)s QH;'@ B 'é}i%lvdsn%@ekﬁ éopiri‘x@té@%m&es'f%wéféd
generated. Fig. 15 is one exanple of a graph showing a Iumnosity

reprodugl oD Tangs, ol RN eebor. L JNI8,XaTR oy PAIISULALLY LR (e

case of and €en irecti pr| i ng, not
only the h d| ff rence ccurs,. 25 buyt so the |um nosit ones hi gh
Shen the radY aiite GFEBISHD B5F 85180 HET TB03FDSBSAE LR tRve CaoPrREd Lo t he
yel | ow si de. In the case of blue, since difference in the lum nosity

bet ween cyadpli¢ delrrigtgedniyerba f@f‘@@d‘ Pehatiage dkedS or generating bl ue

is small, the change
characteristics curve 26 shows blue B printed by the backward

printing. According to.the equations 2 and 3, the color

10 dominating/doﬁinated relation (the characteristics curve 21)
of red R is reversed to become the color dominating/dominated
relation (the characteristics curve 22) when the forward
printing is switched to the backward printing. When the
backward printing is performed (the characteristics curve 22),

15 red R inclined to the yellow side is generated. As for green
G, when the backward printing is performed (the
characteristics curve 24), green G inclined to the yellow side
is generated. As for blue B, when the backward printing is
performed (the characteristics curve 26), blue B inclined to

20 the magenta side is generated.

Fig. 15 is one example of a graph showing a
luminosity reproduction range of each color. In this example,
particularly, in the case of red and green, at the time of the
bi-directional printing, not only the hue difference occurs,

25 but also the luminosity becomes high when the red and green



of the color (the hue or the chromaticity) is small when the 5 col or

dom nating/dom nated relation is reversed. Accordingly, the lumnosity

di ff er encwOion/0t416e9 case of bl ue between the forward pri ntiPeg/Jaesd3viie
backward printing is not recognized to the degree in the case of red and
green. Such a tendency is determ ned by the arranged order of the colors.
In the 10 arranged order shown in Fig-3%3, color inks is printed in the
order of K, C M and Y in the forward |nt|n However, this tendency or
col or duffe?éﬁcﬂeﬂ%ﬂ-ﬁl@tﬂwé}ﬁgéhﬁfY?%%r%l&%ed Imo &r CRREt P& irient iSA§CRead
unit is the order of K, Y, M and C toward the forward direction (yellow
and cyan ardifﬁﬁanﬂﬁjiPStWEthuménhstﬁYKhetNaﬂpacednmitﬁelheﬂuhsagehtﬁig.

13). In the second enbodinment, in the bi-directional printing, the ganm
correction paseah®ters: rmay hexswi fehegemiratihe biioe 0f &helbackwacdapgenting
to the gamma correction paraneters used for the backward printing that are

different 29¢ffiamddie0awmB GOENSE1HAN HAARRLES ?85?9 irﬁamt heehorypar d
printing, in order to suppress t he change (the d|¥ erence) of the color

(the hug orchig, CAMRLIGLMhIEIELALEA J) NG DLoyer dLg €Ot NAlREL DL N0

O course, In t |re |ona printing, é anna correc i on para
may be swt i.me of the forward to the gamm

correction g&? Iﬁ%ﬁ%%gkg%?%gﬁﬁ%?ﬁ%dgi eggaﬁgr QL BtF o For war d

printing that are different from the ganmma correction paraneters used-for
t he backwar 8oPrast iRfgrtiBy pRE HasnmREUOEC PréAtpag ahetErt SWCCERiEgd t he

col or
to the degree in the case of red and green. Such a tendency

is determined by the arranged order of the colors. In the

10 arranged order shown in Fig. 13, color inks is printed in the -
order of K, C, M, and Y in the forward printing. However,
this tendency or color difference can change if the arranged
order in the printing head unit is the order of K, Y, M, and C
toward the forward direction (yellow and cyan are replaced

15 with each other compared with the case of Fig. 13).

In the second embodiment, in the bi-directional
printing, the gamma correction parameters may be switched at
the time of the backward printing to the gamma correction
parameters used for the backward printing that are different

20 from the gamma correction parameters used for the forward
printing, in order to suppress the change (the difference) of
the color (the hue or the chromaticifyi generated in the bi-
directional printing. Of course, in the bi-directional
printing, the gammé correction parameters hay be switched at

25 the time of the forward printing to the gamma correction



di fference can be suppressed. It is desired that the gamma 5 correction
paraneters should be adjusted when a plurality of color inks such as two
or three wolostw781eks are printed at the same position on Ph&/Jpei/sv3paper
15. On the other hand, since the color difference in the forward printing
and the backward printing should not be generated regarding a single color
ink 10 that is printed at a position ei3&he print paper 15 at which

another ink is no£ rinted, it is undesirable that the ganma correction
paranmet er i $248{"G ?gﬂ Y3579 505 TorHgre R IMNKNES apE Bifheerrtattuem
position where the other color inks are not printed (hereinbelow, such a
si ngl e col ofthPnkaT®ar epEFe @i arp DEgraastene sEagl Eototbe hakkwird merigitighe
color printing). In other words, the gamua correction processing is
performed i By thdegartme suppreessonhpacahetedi ffierctriae,gener abbs when t he bi -
directional printing is perforned, and the ganma correction processing

shoul d not gefgeaséecaniheie cabpredsbfier ence d Masneed0thht HKeGarpiaal
printing, for exanple, regarding such a single color ink. However, when

the gamm copLeeti O, R ANRIENS Qﬁgtﬁlé%é chethsde Whelnavel dablig f o af f ect

single color ink printing due to the gamm correction paraneter "swtching.
25 This is se when the colaor difference in.,the single, color

03/ 078169 Pgﬁ‘%goh%%&i‘:h 357 BRkObet Ve THET & rarﬁr?lﬁ}?‘?ﬁépé‘ﬁ\é\%ﬁe
backward printing is , mnimzed, the correction effect of the color

di fference f8I"® PPEHR S (HhfeBTéBFoP2Rkst 0 B8 ShenpElicathare sdmee

position :
the color difference in the forward printing and the backward

printing should not be generated regarding a single color ink
10  that is ﬁrinted at a position oﬁ the print paper 15 at which
another ink is not printed, it is undesirable that the gamma
correction parameter is adjusfed for this single color ink to
be printed at a position where the other color inks are not
printed (hereinbelow, such a single color ink is referred to
. 15 as the single color ink or the siﬁgle color printing). 1In
other words, the gamma correction processing is performed in
order to suppress the color &ifference generated when the bi-
directional printing is performed, and the gamma correction
processing should not generate another color difference in the
20 bi-directional printing, for example, regarding such a single
color ink.
However, when the gamma correction parameters are
switched, it is unavoidable to affect single color ink
printing due to the gamma correction parameter switching.

25 This is because when the color difference in the single color



i s reduced. According to this enbodi nent, as one nethod, by 5 changing only
the gamma correction paraneter of yellow, the <correction for the color

di ff er encwoios/opasd orned on the two or three color inks teChargidniled at
the sane position or region on the print paper 15 such that the col or
difference in the single color ink between the forward printing and the
backward 10 printing can be also mnim3ed. In the case where the color

inks are arr.anged,.in the head unit in the order of K C, M and Y as shown
in Fig. 13,ln$e§f38§9(?‘ﬁ%sﬁ%%efd“ BRETELDD | ] He o PaeK VR Ed AP TR s "t nat ed
by the other .one or two or nore colors when yellow 15 and the other one or
nore col or s "feMHEFRAL el atCAHEcEdnE <pbsFti oh the dedofrodhEferemdantfiony. | n
this case, yellow always dom nates the other one or two or nore colors
when yel | owtded twp her otleze arvd ogr inbsetodb@rsriartedpritnted simd hessaten
position in the backward printing. As understood fromFig. 14, yellow 20
is always enphastizedd wheacdoraieel 86 tnks dnsdaidicnd ,yak! eMeimkndl e Ry i nt ed
at the same position in the backward printing. In other words,

contri bug i o@htaagm% SHEy bh oy @AW }:Bkr@é% @ﬂ%&%@é:ﬁ“ eﬁgygfﬂ%g ttﬁl%e

forward printing. Accordingly, yellow .nmay be suppresse ime of
bet eon 1 ne 0D 08/ BIBES PO FGRF 0B0BTE IS ot dRPACRIT R Tha ndengs
backuer 3 brialLas. FLg: 4% ote one. el o of 3 reLhd for calcylating @
on the print paper 15 such that the color difference in the
single color ink between the forward printing and the backward
10 printing can be also minimized.
In the case where the color inks are arranged in
the head unit in the order of K, C, M, and Y as shown in Fig.
13, Yellow positioned at one end in the order is always
dominated by the other one or two or more colors when vellow
15 and the other one or more colqrs are printed at the same
position in the forward printiﬁg. In this case, yellow always
dominates the other one or two or more colors when vellow and
the other one or more colors are printed at the same position
in the backward printing. As understood from Fig. 14, yvellow
20 is always emphasized when two color inks including yeilow ink
are printed at the same position in the backward printing. In
other words, contribution to the hue by yellow ink always
becomes reduced in the forward printing. Accordingly, yellow
may be suppressed at the time of the backward printing iﬁ

25 order to reduce the color difference of yellow between the



di fference caused by the bi-directional printing. This 5 cal culation of the
correction anount is based on the angle difference on the chromaticity

di agram Wwp 0Biogg1646, the reference nunber 27 designates aoTargli/@osf red in
the case of the forward printing, and the reference nunber 28 designates
an angle of red in the case of the backward printing. As 10 descri bed
above, the forward printing is assunmeei3ge be the standard, and it is
determ ned how different the color obtained in the backward printing is
from the cofBaght ariaeding rmrheRohrarkydapri RE1MgIP%n anount of yel | ow i nk
used in the backward printing is corrected in accordance with this 15
determination. This cBigectéoshdws perd examplsueh & hetthade fororrect ed anount
of yellowink in the backward printing corresponds to the enphasized
contri buti agalicmlbhenbue byrryetiloweausedusbéntéhewsidcewidgntnatesidy t he
other colors in the forward printing is changed to be dom nating the other

20 col ors idy dfehaekuande@rhnidngniMaanubit enat hei6ALHECET @R gBt hod such
as a mddle tone process and the CMM nay be used as anot her nethod for

S!Jpp.resﬁi ng. e, ik LT §pceyd n.dne. 69k ram'aﬁ%@’é"e%ba‘t%dt esen.neLhOdS, it is
difficul't to creaté correction paraneters, and ere’1s a possibility
that a by-pr.oduct such as noire is WD 03/078169 PCI/ JP03/ 0303 -39
gener at ed. %Fdfuﬁ’fgnﬁﬁh@l Ran dehG gt Cd ¥y IL39ETRat €1t Fd9ga 1Jﬂfﬁ%rrecti on
paranmeters, and in the case of using the gamma correction paraneters, if
t he creat edgfaremeeepynbeT fef dev@nates an angle of red in the case of

the forward printing( and the reference number 28 designates
an angle of red in the case of the backward printing. As

10 described above, the forward printing is assﬁmed to be the
standa?d, and it is determined how different the color
obtained in the backward printing is from the color obtained
in the forward printing. An amount of yellow ink used in the
backward printing is corrected in accordance with this

15 determination. This correction is performed suéh that the
corrected amount of yellow ink in the backward pfinting
corresponds to the emphasized contribution to the hue by
yellow caused when the yellow dominated by the other colors in
the forward printing is changed to be dominating the other

20 colors in the backward printing.

Meanwhile, the correction method such as a middle
tone process and the CMM may be used as another method for
suppressing the difference in the color. However, in these
methods, it is difficult to create correction parameters, and

25 there is a possibility that a by-product such as moiré is



the correct values, the amount of the difference between the 5 created
paraneters and the correct values, the tendency of this difference, and
the |ike wamsjpesiensi |y determned from the printed col or PSTaPes/03par this
reason, in the second enbodinent of the present invention, the gamm
correction paraneters are used. 10 In Fig. 16, the angle L1 O indicates
the difference between the hue obtaiagd-in the backward printing and the
hue obtained in the forward printing. In this case, the correction
par anet er (g?P?Wﬁ%ﬁ%xaﬁﬁléhetﬁéhﬁﬁﬂﬁﬁuboﬂﬁééﬁl8ﬁSYp%9a%&ﬁ G#Eyéﬁmﬁﬁb used
for the forward printing is 15 nultiplied by the correction coefficient Q
to create tbergeahipn pemesetieon, pardnst dihe icasehp exdmplidie hemganma
correction paraneter of yellow used for the backward printing so as to
correct thechiesdhifdrepencactansedi bytidedaatddr pataneadr prdiftierg £rohe
correction coefficient Qis obtained by the 20 equation 4: (3 =1- a XA

0/ 0y ( affe laorrédft 528 ue8QURLE Ohnduni® JfS tRel @Ak rOHENSS ddaleenS t@qual to
or larger than 1, but a needs to be adjusted to obtain the gamm

cor oot on cPAIATPLar, GarresPond ng. Lo, hed tgsbocorecthan anount of he

hue di f ing |n o] account the properfiés o nks and the
paper, an annunt of_the gj ect rop, and/ or 0 /078169 £
PCT/ JP03/ 0363415 A Ferame |9P éeﬂ‘%fcatnh Si ARSI AT MY o TERE second

enbodi ment of the present |nvent|on only one col or p05|t|oned at the one
end of the the printed color state. For this reason, in the second

embodiment of the present invention,vthe gamma correction
parameters are used.

10 In Fig. 16, the angle A0 indicateé the difference
between the hue obtained in the backward printing and the hue
obtained in the forward printing. 1In ﬁhis case, the gamma
correction parameter (in this example, the gamma correction
parameter of yellow) used for the forward printing is

15 multiplied by the correction coefficient B to create the gamma
correction parameter (in this example, the gamma correction
parametef of yellow) used for the backward printing so as to
correct the hue difference caused by the bi—directional
printing. The correction coefficient B is obtained by the

20 equation 4: B =1 — a XA / 0y (o %}1). In the
equation 4, @ is a real number that is equal to or larger than
1, but ¢ needs to be adjusted to obtain the gamma correction
_parametef corresponding to tﬁe target correction amount of the

hue difference by taking into account the properties of the

25 inks and the paper, an amount of the ejected ink drop, and/or



head unit may be corrected in order to suppress the color 5 difference
between the forward printing and the backward printing. In this manner, it
i s possi bWwe mo78reke the correction effects of the other ®orores/asndf ormin
terns of the correction in which the color or the hue generated by the
other colors is corrected by the effect of the corrected one 10 col or
positioned at the one end of the printigg head unit. |In addition to that,
by correcting only yellow in accordance wth the forward printing and the
backward priif ifdgin@heneeperf orif igkehe correction process for correcting
the color difference generated in the bi-directional printing, it is 15
difficult for human ejesordingcoynitze selvendi éfleodiment miydheoprebetinveen t he
forward printing and the backward printing., In other words, while the

di fference invdrt@ oggl ehlinohdecdlior doseetbasal aprity icrg ead be prevent ed,
it is possible to avoid the reduction in the print quality caused by the

di fference iy 2QitiRenal,ngk eSOl Qi etiwesnabherd arwald o ikl BgrgRd the
backward printing when only the single color (in'this exanple, yellow is

printeds FuLherIoie. psiice, Le. ddderenge: 0 dhe. 6olor ol
bi -direcCtional” printing I'S suppresse y-only I?lplylng € gama
correction paraneter correctiqn coefficjent 25 c rE%ﬁgonding to an

by the
amount of t Qﬁ¥¥%reﬁ%etPhsﬁﬁgugﬁﬁoﬁt(ﬁﬁep9@§ D7LEG P03/ 03031 -41

hue or the chromaticity) caused by the bi-directional printing, it is
possi bl e t FaEsiAbjioar eafechndohdingsothrs pataret@rifqmm tihe texaapPe Bown in
Fig. 16, the difference in .
correction in which the color or the hue generated by the
other colors is corrected by the effect of the corrected one
10 color positioned at the one end of the printing head unit.
In addition to that, by correcting only yellow in accordance
with the forward printing and the backward printing, when
performing the correction process for correcting the color
difference generated in the bi—difectional printiﬁg, it is
15 difficult for human eyes to recognize the difference in yellow
between the forward printing and the backward printing.  In
other words, while the difference in the color in the bi-
directional printing can be prevented, it is possible to avoid
the reduction in the print quality caused by the difference in
20 the single color between the forward printing and the backward
printing when only the single color (in this example, yellow)
is printed. Furthermore, since the difference in the color in
the bi-directional printing is suppressed by only multiplying
the gamma correction parameter by the correction coefficient

25 corresponding to an amount of the difference in the color (the



the hue angle is constant over the entire range of the color 5 saturation
or the chroma. However, in reality, when the difference in the col or caused
by the biwodimsetdaibonal printing needs to be corrected, thecsJaoxo3n®ny cases
where the distribution of the hue angle is distorted over the range of

t he color saturation. For exanple, as shown in the 10 chromaticity di agram
of Fig. 14, there is alnost no differeace in the hue in the range of the

| ow col or saturation, but there is a case where the difference in the hue
bet ween t heDF®r War BRE pFRFRTH i) t KeuBae kar BhprPHtd e Ftapnaly PEABEERG es
fromthe mddle value to a higher value of the color saturation. This 15
hue differefhtels hatsgidgiedity eneitasescdromnchedpidll the gparmreftert.he col or
saturation is caused by the many-val ued process (or the fewval ued
process), and the diffrr aheeekamphe siodwr irbedgnesel atige qheredhecdoh size
is swtched. Further, the shape of the distribution of the hue angle is

al so affect gfe bd/uez%r{gtl% densbh¥tbhfm 5\%:5 %eogh'ﬂﬁ.ré hgad i dgRsthbysthat can

be printed on the paper) determ ned he characteristics of the ink and
paper, the s of S an f. th tive c phase
shifti ngST] §%£1H1£%0 or Ir%?\lesgéﬁgﬂa cglsogvse Te 8t ﬁo%ffﬁm“?/% T %he garma

correction parameter nultl Lie the, correction goefficient
(3 is not v@l%%%@%%%ﬁaﬁgg?%s B ShE AT S o I o OE LA L T

difference in the color caused by the b| directional printing. Fig. 17
shows one e;}g%q; eEQpfog H,‘@rggﬁﬁﬁdf oEhe¢¥fRe are many cases where the

distribution of the hue anglg‘is distorted over the range -of
the color saturation. .For example, as shown in the
‘ 10 chromaticity diagram of Fig. 14, there is almost no difference

in the hue in the range of the low color saturation, but there
is a case where the difference in the hue between the forward
printing and the backward printing rapidly increases ffom the
middle value to a higher value of the color saturation. This

15 hue difference that rapidly increases from the middle value of
the color saturation is caused by the many-valued proceés (or
the few-valued process), and the difference in the color
becomes large when the dot size is switched. Further, the
shape of the distribution of the hue angle is also affected by

20 the density limitation point (the print density that can be
printed on the paper) determined by the characteristics of
the ink and paper, the settings of the screen anéles of the
respective colors, phase shifting, and the like. 1In such a
case, the method in which the gamma correction parameter is

25 simply multiplied by the correction coefficient B is not



forward printing and the ganma for the backward printing. In 5 this
exanple, a ganma 31 that is referred to as a ganma through functions such
that a rawD®30f81en i nput gradation to an output gradati ofChdeess3il to 1
as shown in Fig. 17. In other words, the gamma 31 is an unadj usted gamra.
This gamma- through is applied to create the gamma correction paraneter 10
for the forward printing, and a val ue-éd€-an adjusted gamma 32 for the

backward pripLj i s-determned by, usi hi s ganma-_t hrough as a neasure
so as to ni hla%h{z}%t% h%oxgoqoorrre |%fl fér Eﬁ%egg%{ﬁliﬁéf% the H6r GRFY grEREh§Yand

t he backvvarg gr#ﬂnt'n . The _gamra correction paraneter for the forward -
printing isct TSPy PRénEHfdsted ratio (i.e., the adjusted ganma
32) so as to create the gamma correction paraneter used for the backward
printing. According. tBld-hd’sebond emboshiamnite off tthe pamsanfor itheention,
the ganmma correction paranmeter for the backward 20 printing that is used
for making €heweol grriotitizigneddbyhé heardac kewar dhpr bAtkRgrd her sa®AS the

col or obtained by the forward printing can be created for the inkjet

printing appasaiusngihat aggagmnat es e var irakke gl 05 9«%}“5 Yphpe caused by
the gradation processing nmethod or a rel ati on between the 5 1nk and the

paper. WO 034 P48%56% RCV;4BA3L -43 .t he _above-descri bed.exanpl e,
yel | ow represen%@_ t ﬁl_e cloFor %ggéq%%%ﬁéac%&?or ggt ggnl%%?ér%ﬁaéﬁ i Qnagpust ed
because thgndgéﬁjrdtptl Qn._L.s Iqage baseqL qcrcl) tlhe arrange,d col or order

gradatio ecomes as shown in Fig. 17. - In
othef words, the gamma 31 is an unadjusted gamma. This gamma-—
through is applied to create the gamma correction parameter
10 for the forward printing, and a value of an adjusted gamma 32
for the backward printing is determined by using this gamma-
through as a measure so as to minimize the color difference
between the forward printing'and the backward printing. The
gamma correction parameter for the forward printing is
15 multiplied by the adjﬁsted'ratio (i.e., the adjusted gamma 32)
80 as to create the gamma correction parameter used for the
backward printing.
According to the second embodiment of the present
invention, the gamma correction parameter for the backward
20 printing that is used for making the color obtained by the
backward printing the same as the color obtained by the
forward printing can be created for the inkjet printing
apparatus that generates the variable color difference caused
by fhe gradation processing method or a relation between.the

25 ink and the paper.



shown in Fig. 13 where yellowis positioned at the end facing 5 the
backward printing direction. For exanple, if cyan is arranged at the end
faci ng t hwowaokstee d printing direction, the same nanner @®€3dPidxsd3labove
may be applied in order to prevent cyan ink fromstrongly generating its
color in the backward printing. 10 However, preferably, yellow is arranged
in the head unit so as to be positioneld-at the one end facing the backward
direction or the forward printing djrectjon, and the gamma paraneter of

yel | ow used for the baiﬂ\l\gl?%l adjr‘%"%"l 5%‘%%3; TWIERY-© s 2L OV LRPFFIRTES t he
color difference generated between the 15 forward printing and the
backwar d pr it REIOBAsVRRIR TR CRTERELION | PATFREtathils RY]betedisesaavsecol or
difference of the vyellow between the forward printing and the backward
printing cahebdeatniptien conmparethanitihont tier aolaoiged Ebfjor 18rder a parti al
enl arged view of the 20 chromaticity diagram showi ng the chromaticity shift

of yellow hebwaeintheygchrpraidrel r1bekore sl oricdids arenss & regdign and
the chromaticity after the color difference correction. In Fig. 18, the

reference nupbepadilwdesi ghatasgdatacbeione thg: é%%%@?%tiQ?’cfgﬁlégma .
corréctron. The varying

reference nunber 42 designates data after 25 the

range of th LNQSiLY. I . /078169 PCT/JP03/03031 -44 is
extrenmel y n%rrr&ga;bggn%%rggg vﬁ\&[%{h f%%gﬁ}eég gﬁ%g %CJ}%:“(T) réircgj,rl %&Ingfgl{%%tjf@'l ow is
adj ust ed, hﬁggn eyes al nost  cannot recogni ze the difference of the

| umi nosity yEFFPOWE T So5CE 058l fRYYE gnay be applied in order to

prevent cyan ink from strongly generating its color in the
backward printing.

ld However, preferably, yellow is arranged in the head
unit so as to be positioned at the one end facing the backward
direction or the forward printing direction, and the gamma
parameter of yellow used for the backward printing is adjusted
so as to minimize the color difference generated between the

15 forward printing and the backward printing. As described in
the following, this is because the color difference of fhe
yellow between the forward printing and the backward printing
can be minimized compared with other colors.

Fig. 18 is a partial enlarged view of the

20 chromaticity diagram showing the chromaticity shift of yellow
between the chromaticity before color difference correction
and the chromaticity after the color difference correction.

In Fig. 18, the reference number 41 designates data before the
correction, and the reference number 42 designates data aftér

25 the correction. The varying range of the luminosity of yellow



selected as the color to be adjusted. The single color (not 5 limted to
yel | ow) whose gamma paraneter is reduced for the backward printing
correcti owoiog/opgibmt ed-with the lum nosity higher than theCrumyEssst y
generated when this single color is printed in the forward printing. As
shown in Fig. 18, when only the single color is printed at certain
positions in the 10 bi -directional pr+#i+ng, since the other colors are not
mxed wth this single color, distribution of the hue is not changed; but
the differehtesdf Y| DAFFOS| ST ach @ 1hngEBeE of B1oliss codener atRd bet ween
the forward printing and the backward printing. An anmount of the

di f f erence the tywd lowninosdfysiodd 1 Siyreln ewebetweesit tdrnrfodr werdgpitattimg and
t he backward printing when the gamma correction paraneter of yellowis

adj usted i Sdim&rl’én%@abfethé hamniaroArmurt gkl be. di fHaramee ,i felbew is
|l um nosity of cyan or' nmagenta between the forward printing and the

backward pridfdngvaenhBe-gaoa. £ ¢d eehi@Repar afRd esrlrfajleZQowan (Rb+ Magent a
is adjusted at the same adjustnent ratlo as that of the ganna correction

par anet &er Oi I‘Xl L% ilf_gﬁlo‘g)s ﬁos a g%g II:%J_SO{'S q_jeéu %d Eu;g]an?ﬁéty when

t he gamra parane ers cyan, ow are a be the
sane value _  of. 80 %is shomn as folloma 'The rep uced Iunlnosl range
25 of cyan FaCKHRTC, PEARLIRY ?%ﬁﬁ?ﬁﬁhﬁﬁjﬁsuﬁfﬁag?s 'ghdﬁl of- U637 578169
PCT/ JP03/ 03031 -45 magenta is 53 to 94. The reproduced | um nosity range of
yel l ow i s 8g9ighrmfhapni Thael wiknds iy (ﬂeqeﬁétﬁ@p‘r’]@%c@ws ISdRIIABSFOYOF abiye of
yellowis 1, AL of cyan is 9.4, and AL of

printed in the forward printing. As shown in Fig. 18, when

only the single color is printed at certain positions in the

10 bi-directional printing, since the other colors are not mixed
~with this single color, distribution of the hue is not changed,
but the difference of thg luminosity of the éinglé color is
generéted\between the forward printing and the backward
printing. An amount of the difference in the luminosity of

15 vyellow between the forward printing and the backward printing
when the gamma correction parameter of yellow is adjusted is
much smaller than an amount of the difference in the
luminosity of cyan or magenta between the forward printing and
the backward printing when the gamma correction parameter of

20 cyan or magenta is adjusted at the same adjustment ratio as
that of the gamma correction parameter of yellow. The result
of this comparison of the luminosity when the gamma parameters
of cyan, magenta, and yellow are adjusted to be the same value
of 80 % is shown as follows. ;The reproduced luminosity range

25 of cyan is 47 to 94. The reproduced luminosity range of



magenta is 8.2. 5 In the second enbodi nent of the present invention, as
for the chromaticity difference of blue that is produced by the

conbi nat iwp 0007819yan and magenta, the adjustnent of the g&EFAPE3PHECEi on
par anmet er of cyan and/or magenta is only the nethod for suppressing the
chromaticity difference of the 10 single color of cyan or nagenta between
the forward printing and the backward4printing, that is, only the nmethod
for making it difficult for human eyes to recognize the chromaticity

di f f er ence. PAGERE dsulNS, TR Bfi-or TG FRPIAMSE dUBinpeity Heenagualfity of the
single col or obtained when only the single ,15 color is printed at certain
posi tions omethew paped9, tor 9the Ifushé twidifh the cHMiicnatdpeodobeivo col ors
obt ai ned when the two <colors are printed at the sanme position. However, as

for cyan angnim®gent aandeepe 8106k aich differengs iy tha rgpgoduced

| um nosity range between cyan and nagenta, so that when the 20 dom nated
color is changeg:4 o heg tbhe dom nating color, and the dom nating color is
changed to be the dom nated color, the difference in the lumnosity is not

generated, and only t iff e_l J ue e ted.. Therefore, the
differe%ge in the coﬁg}.éﬁe Sgégﬂge?%ééégﬁ%ﬁ§ $§r§B§d5%§§§ﬁ?lifvfﬁ&lPHe 25
backward printing i.s adequately smaller than th of red or WO 03/Q78169
PCT/ JP03/ 03831 0-4%16‘9rcg’€ ra ﬁaxwgﬁlﬁeﬁ%? Gits gi:}l%n%a*i NS REOGHFEFR BY bl ue
is not corrected, the inmage quality is not greatly reduced. The above
descri pti ontie RIS NEigdopLi ArAsaRthdnagenta, the adjustment of the

‘gamma correction parameter of cyan and/or magenta is only the
method for suppressingAthe chromaticity difference of the

10 single color of cyan or magenta between the forward printing
and the backward printing, that is, only the method for making
it difficult for humén eyes to recognize the chromaticity
difference. As a result, a priority is given to either the
quality of the single color obtained when only the single

.15 color is printed at certain positions on the paper, ér tﬁe
gquality of the combination of two colors obtained when the two
colors are printed at the same position. However, as for cyan
and magenta, there is not much differénce in the reproduced .
luminosity range between cyan and magenta, so that when the

20 dominated color is changed to be the dominating color, and the
dominéting color is changed to be the dominated color, the
difference in the luminosity is not generated, and only the
difference in the hue is generated. Therefore, the difference
in the color of blue between the forward printing and the

25 Dbackward printing is adequately smaller than that of red or



representative exanple the inkjet printing apparatus that 5 ejects liquid

i nk. However, the present invention may be applied to printing neans that
gener at e wha3owiier difference between the forward printi RgTARG/G30E
backward printing caused by the changing of the order of colors to be
printed on top of one another. For exanple, the present invention may be
10 applied to a printing apparatus thatsuses a toner-jet nethod, a thernal
met hod, or the like. Furthernore, the application of the present invention
i s not |im3%RET.02HeeVAR] &f Brintdiffeasparatisthduolath@ipbésentsi Avkenti on
may be applied to a printing apparatus 15 in which the order of colors to
be printed wrtayiedf, the imageheralisychianged dueanly tdwelymednt i ng sequence,
and the difference in the chromaticity is generated by this color order

change. Also in this gaseabbhe d&pdometRmt ief mhbe b@ualdgninef akhenknmage or
the like that is the sane as the 20 inprovenent described above can be

realized. Fiébré@%ﬁ%ﬁ@@@etQﬁaﬂ%ﬁéLﬁﬁgjﬂﬂ%ﬁé@oﬁkiﬁ€§nérgﬁ,éyé%usr%ﬂégduced by

the forward printing and the backward printing actcording to another

exanpl e . n the secaond.enbodi n Fig. 1 he reference r 51
desi gnat5es eaj'?cutrﬁ ;L&glutlg/ %Ié%fgg@uc%%’e%S tgﬁr V[/%e%%?r elsrgﬁeﬁld:ﬁnogl Fggfﬁ% backwar d
printing, and the WO 03/078169 PCT/JP03/ 03031 -47 reference _nunber 52

desi gnat es PRAHFENGS PYIFEPRIIIRARF ddaFe 9BEFF ES pbhtdli TRY Yo EEESFBRGRr d

printing. As in this exanple, the ganma correction paranmeter used for the
backward prieftiasg the forward printing and the backward printing caused

by the changing of the order of colors to belprinted on top of
one another. - For example, the present invention may be

10 applied to a printing apparatus that uses a téner—jet method,
a thermal method, or the like.

Furthermore, the application of the present
invention is not limited to the inkjet printing apparatus, but
the present invention may be applied to a printing apparatus

15 in which the order of colors to be printed on top of one
another is changed during the‘printing sequence, and the
difference in the chromaticity is generéted by this color
order change. Also in this case, the improvement of the
quality of the image or the like that is the same as the

20 improvement described above can be realized.

fig. 19‘shows the measured luminosities that are
reproduced by the forward printing and the backward printing
according to another example in the second embodiment. In Fig.
19, the reference number 51 designates a luminosity reproduced’

25 curve corresponding to the backward printing, and the



may be created such that the difference in the lumnosity 5 between the
forward printing and the backward printing becones mnimzed. Fig. 20
shows onewexatptlew of the ganma correction paraneters tharcaneoxesest ed
based on the lum nosity reproduced curves shown in Fig. 19. The reference
nunber 53 designate 10 the gamma correction paraneter that is created based
on the lumnosity reproduced curve 524f~Fig. 19, and the reference

nunber 54 desij s th a orrection_parameter that is created based
on the T um Reerte B oM Eac S UIFE 8t That [ FERoSHy JaRrHIEBRT ot Gn
parameter 53 is used for the forward 15 printing, and the gamma correction
par anet er 5X°FSCEERAA+RY T & vdokard Primeing. Misgin2thiRoesammes exanpl e
of the measured print density produced by the forward printing, and the
measured pihst JEERS| C9r PR Udinre halypmeher basddveliak hienbiengwatré piintidl 20
the reference nunber 55 designates a print density reproduced curve

cor r espondi mgyt bet heedaakviarah phiant kng, daftbidige rief ehencemimgder, 56
designates a print density reproduced curve corresponding to the forward

printing ApetRebhi the eXA R P8 +IBHTENE HHL U RPN gg?%ﬁ?%%%dcoﬁn%% the

backward 25 printing may be created s0O as to mnimze t rence i1n WO

03/ 078169 P§15§5@§%93031 -48 the print density between the forward
printing and the ackward printing. The thus-created gamma correction

kya rintin r her
parameter for the bac 1&Fié% sh%wsgoggyeﬁgﬁgﬁé)é%jt%%gggmga correction

parameters that are created based on the luminosity reproduced
curves shown in Fig. 19. The reference number 53 degignate

10 the gamma correction parameter that is created based on the
luminosity reproduced curve 52 of Fig. 19, and the reference
number 54 designates the gamma correction parameter that is
created based dn the luminosity reproduced curve 51. That is,
tlie gamma correctiqn parameter 53 is used for the forward

15 printing, and the gamma correction parameter 54 is used for
the backward printing.

Fig. 21 shows one example of the measured print
density produced by the forward printing, and the measured
print density produced by the backward printing. In Fig. 21,

20  the reference number 55 designates a print density reproduced
curve corresponding to the backward printing, and the
reference number 56 designates a print density reproduced
curve cérresponding to the forward printing. As in this
example, the gamma correction parameter used for the backward

25 printing may be created so as to minimize the difference in



with the gamma correction paraneter for the forward printing 5 in storing
nmeans such as a hard di sk of a personal conputer or the |ike, and the

swi t chi ngwofo3fsaegamma correction paraneter nay be perfoPegdPian3azicor dance
with the forward printing or ‘the backward printing. According to the
second enbodi nent of the present 10 invention, the gamma correction
paraneters used for correcting the chd@maticity based on the |um nosity
difference and/or the_ print _density difference caused by the
bi-directioﬁgﬁ BF iRt Stk De&veeBr Bt i FP e S PR AeaRS, ththd the gamma
paranmeter switching may be carried out in accordance with the forward or
15 backwar dbpekrgerdgerinting.s Fhrnehustergatechaegingl eorvepivtoronly  sinplify
the correction process but also reduce a devel opnent workload related to

t he gamma correntéten fecatse bhbkwgadngricite aayobepataned etogathdre easily
created and adjusted. Therefore, a user who does not have a special tool

or device 2QieAntRasydimaddiskcthen I8AFENSAY GGkl @RcPA ANREE priFtdng22 IS a
fl ow chart showi ng one exanple of a nethod (the above-described nefhod) of

creating t he,gapyp; i para iN e i ment
of the g%reggns .n&%%??%ﬁﬁiéﬁggt?5a59§%%% %%{%g g0#§¥£$§%?6%%@%§%?28g5 t he
forward prinbing.g% t he H:ﬁjet.gr%ntiqgf aratus, and a WO 03/078169

PCT/ JP03/ 0303 T159 HiOr-He5daGeeddi o t HE S2IRRaFa pET Mt ThdI"EHETi nkj et
printing apparatus are plotted in a chromaticity space. At step S32, the
correcti on BBEfPFRPENOTEL dfcaraPEaHER &l tdh the forward printing or

the backward printing.
According to thé second embodiment of the present
10 invention, the gamma correction parameters used for correcting
the chromaticity based on the luminosity difference and/or the
print density difference caused by the bi-directional printing
may bé stored in the sforing means, and the gamma parameter
switching may be carried out in accordance with the forward or
15 backward printing. In this manner, it is. possible to not only
. simplify the correction process but also reduce a aevelopment
workload related to the gamma correction because the gamma
correction parameter can be easily created and adjusted.
Therefore, a user who does not have a special tool or device
- 20 can easily adjust the gamma correction parameter.

Fig. 22 is a flow chart showing one example of a
method (the above-described method) of creating the gamma
correction pérameter according to the second embodiment of the
preseﬁt invention. First, at step S31, a color reproduced in

25 the forward printing by the inkjet printing apparatus, and a



the angle made by a first line and a second line in the 5 chromaticity
space. The first line is drawn on both the plotted color point (or the
chromat i cwOy3poiine) of the forward printing and the ori giPeTAPOY/(3@31

coordi nate axes of the chromaticity space, and the second line is drawn on
both the color point of the backward printing and the origin of the 10
coordi nate axes of the chromaticity spage. Next, at step S33 the gamma
correction parameter for the forward printing is nmultiplied by the
cal cul at ed cCE®r &epiroAueeef i1 cilthtaskvasd polekd n W@egéﬁi?&egor rection
paramnmeter for the backward printing at step S34. At the tine 15 of ‘
per f or m ng grismthiackeapdrptintarsy plidieednkhed phrondtngitapparatus Bwit ches
the gamma correction paraneter for the forward printing to the gama

correction fARBLEr theegd et @tiorsiceR 8341t ¥is Zhlichlatkldovasbardén show ng
anot her exanple of 20 a nethod (the above-described nethod) for creating

the ganma Gor rechi.On.BarBYes ef:,26candiend b0, t he-geeand enbogh,gent of the

present invention. First, at step S41, the gamra-through by which the

ratio of the input gradation tq.the. p r iQn e S to1lis

appli edgt o] Ccrré)ér{‘%ltcggyg%t%%%?' cgl;hree?tl'%%% ggn%afgfr&%]iag'?n foglr %t%%g F%?war d

printing. At step S42, an initial W 03/078169, PCT/ J,PO_?;/ 0303%8 -50 val ue of
e

the gamma YEET 6RLBE BAtR br (F0rthen ERERRRIET HEY RIS ng T f_rfaTed by

using this applied ganma-through as a neasure such that the chromaticity
di ff er ence aide ghd the origin of the coordinate axes of the

chromaticity space, and the second line is drawn on both the
color point of the backward printing and the origin of thé
10 coordinate axes of the chfomaticity space.

Next, at step S33 the gamma correction parameter
for the forward printing is multiplied by the calculated
correction coefficient so as. to create the gamma correction
parameter for the backward printing at step S34. At the time

15 of performing the backward printing; the inkjet printing
apparatus switches the gamma correction parameter for the
forward printing to the gamma correction parémeter created at
step S34.

Fig. 23 is a flow chart showing another example ofA

20 a method (£he ébove—described method) for creating the gamma
correction pdrameter according to the 'second émbodiment of the
present invention. First, at step S41, the gamma-through by
which £he ratio of the input gradation to the output gradation

becomes 1 ﬁo 1 is applied to create the gamma.correction

25 parameter for the forward printing. At step S42, an initial



forward printing and the backward printing is made to be 5 mnimzed. At
step S43, the ganmma correction paraneter for the forward printing is

mul ti pli esolwg/ordied initial val ue of the gamma correction paeramer@n3if or the
backward printing determned at step 42 so as to-.create the. gama
correction paraneter for the backward printing at step S44. At the tine 10
of perform ng the backward printing, 49t inkjet printing apparatus
switches the gamma correction paraneter used in the forward printing to

t he gamm &oecPionhpayames aorgesitiend narandedy Ix, thkebPackEPRrdf the col or
di fference correction nethod, 15 the functions of the inkjet printing
appar at us, rariditsogons detatmeichetdo byheshhgdthestdmrdledpoennangheaswtdescr.i bed
in the above-described enbodi nents. However, the present invention is not

limted tod hrseueabodiiem: thRd cArpheglamy hatsfdmsieubtswdeofiuit er to
performthe processing for correcting 20 the color difference caused by the

bi -directi i nt.i ng. Ay hi : Y ARG printer
driver thag&?gﬁgabgkéﬂ%ﬁ oﬁnggggﬁggfhggtgn%%ﬁ{q:g%t ﬁ%?rgm{?lséleoﬁ conput er

readabl g stari.n di um t hat res.this program b EX | es of
the st ogi n@%&ﬁgﬁg& ha s?%erpes%t4ghe%h§5g%rfl[§%r%%%encdmﬁ}érn g)ﬁf@gnq%é?r p%rr?or i ng
the nmet hod of correcting WO 03/,078169, PCT/ JP03/ Q3031 , -51 the col or

di f f er ence '@RudeYWBYIt el B Aec ORGP LHRE MY g e witit18e URSeF i Yedhe
according to the present invention. A CD- ROM a nmagnetic optical disk, a
DVD- ROM a damgppyodiekiien parameter for the backward printing

determined at step 42 so as to create the gamma correction
parameter for the béckward printing at step S44.; At the time
10 of performing the backward printing, the inkjet printing
apparatus switches the gamma correction parameter used in the
forward printing to the gamma correction parameter created at
step S44,
The steps of the color difference correction method,
15 the functions of the inkjet printing apparatus, and so on
related to tﬁe bi-directional printing are described in the
above—-described embodiments. However, the present invention
is not limited.to these embodiments, and a program that
instructs a computer to perform the processing for correcting
20  the color difference caused by the bi-directional printing may
be made. This program may include a printer driver that can
be incorporated in the computer. Furthermore, a computer
readable storing medium that stores this program may be made.
Examples of the storing medium that stores the

25 program and/or data for performing the method of correcting



flash nenory, a nmenory card, a nenory stick, and other ROV 5 and RAMs may
be used as this storing medium The programthat is executed by a conputer
so as to werBorsme he steps of the nethod for correcting rhe/Jea/ 31

di fference caused by the bi- directional printing according to the
above-descri bed enbodi nents may be stored in this storing medium and this
10 storing nediumis nade to be in ci+txad ation for actual use so as to
easily realize this color correction nethod. Such a storing nmedium may be
i nstal | ed ofearroilatoflrAf ¢BeRGR cEassidngy §Bei e dikartdeorehePEbRPRSEr, and
the program of the storing nediummy be read by the-information

processi ng vdeMi be. déScAlbed netdoreliyng tthi shprogesentmdynvieatitor ed®itPt he
storing mediumincorporated in the information processing apparatus, and

t he i nfor maidMon apragaSSEBdoEPRalIatdiskyay peRdrRMj S AegpeMiikh, agcor dance
wi th an operation necessity. In these manners, the nethod or function for

cor recting heicqlab.gi 1L efanss, 2 causedenyrt he: bl dickacthapal rgid nt i ng

can be performed. Actording to the second enbodi nent of the present

i nventign, ev in the bi-directiaqnal printipn de th i J,ority
to the gri n‘%@ﬁ%@%egay 5? lilsse%oasssiq%jllg % goﬁr% en%@l%%h'e coeok\r/g???@r@{nac% from
bei ng generated w t hqut causi ng the 25 t hroughput re%ucti on an hi gh cost
of the apparati¥$cHtetntyY vib SRV §OPET/ jpog?g%%fﬂt 55 TEPRe® F%?ef her nor e,
it is possible to mnimze the color difference between the forward
printing armethes Backwardecpinntihn deyoswili EReHeehCayaetabtoEredtion
paraneter to and

directional printing according to the above-described

embodiments may be stored in this storing medium, and this

10 storing medium is made to be iﬁ clrculation for actual use so
as to easily realize this color correction method. Such a-
storing medium ﬁay be installed on an information processing
device such as the computer, and the program of the storing
medium may be read by the information processing device.

15 Alternatively, this program may be stored in the storing
medium incorporated in the information processing apparatus,
and the inforﬁation processing apparatus may read this program
in accordance with an operation neceésity. In these manners,
the method or function for correcting‘the'color difference

20 caused by the bi-directional printing can be performed.

According to the second embodiment of the present
invention, even in the bi-directional printing mode that gives
a priority to the printing speed, it is possible to prevent
the color difference from being generated without causing the -

25  throughput reduction and a high cost of the apparatus or the



fromthe gamma correction paraneter for the forward printing 5 or the ganmma
correction paraneter for the backward printing. This patent application is
based on Wapanezse priority patent application Nos. 2002- @CTORE/0

2002- 267930 filed on March 19, 2002 and Septenber 13, 2002, respectively,
the entire contents of which are hereby incorporated by 10 reference. WO
03/ 078169 PCT/JP03/03031 -53 CLAI M5 -%2-An i mage form ng appar at us
including a_printing _head that perforns forward printing with inkjet color
inks in 5 atk®r waitr her8erron 1 hndS RRIGERISE i REPHEL %% tHQ KeLlrakj et col or
inks in a backward direction, conprising a gamma correction unit that uses
a first gandaffewenastiedweenl thef dprfardwmdnfinat eng thadeadaradand a
second ganmma correction value for backward-printing i mage data to 10
reduce a copoindidd ernence thatwgenhé heariner wairdepti oh i pgrametdrheo haakwar d
printing that is caused by a difference of printing order of the color

i nks bet weeprsherd O RbREERIoRNh AR tdraekvatfe PES At RO prift2ng The
i mge form ng apparatus according to claim 1, wherein only Fhe second

gamma ngreSLifﬁh:ﬁgﬁﬁ%&?%r§gkg§%§qparé%efgﬂef%gagﬁefggg%ﬂﬁgggﬂﬁhgﬁﬂa.

according to ¢ erein the ganma correction uni
non-adj usted 20 first_and_second correction values corresponding to
a single inkjet coloﬁhlﬁkpﬁgeﬁg f#@iggg;ﬁﬂ? &sfF?E?gp%%ii%Rﬁ?ﬁﬁﬁ a

priority patent application Nos. 2002-077142 and 2002-267930

filed on March 19, 2002 and September 13, 2002, respectively,

the entire contents of which are hereby incorporated by

10 ' reference.



printing nmediumw th another inkjet color ink being not printed at the
first position, and the ganma correction unit uses the adjusted first
gama corweaBitiieval ue or the adjusted 25 second ganma coPCEQPINIOMAl ue
corresponding to two or nore WO 03/078169 PCT/JP03/03031 -54 inkjet color
inks to be printed on one another at ‘a second position on a printing
medium 4. A nethod for formng an i mage-by using inkjet 5 color
which forward printing is performed by noving a printing head forwards;
and backward printing is perfornmed by Chd¥lhg the printing head backwards,
conprising the step of using a first ganma correction value for forward-

printing i mage data and a second gamra correction val ue for

10

inks in

backward-printing i mage data to reduce a color difference between the
forward printing and tihe backwagd poiminiapohabtius isausecthdw ardhkiggence
of printing ‘order of the color inks between the forward printing and the

backward pryoi4 n&atlife%fom% BELROL 45C0HANA0wE OnCl A8 A o J1Wt BEks in

conprising the step of:

6. The nethod-accarding to.claim further 20 conprisi t
adi st {ReT PR ad SR B b R ar b P

he. st
1hkie
resBo

;

adj usting the second ganma correction val ue only.

ps of: not
ding to a

single inkjet_ color ink to be %rinted on a first position on a printing

medi um wi t hS&Ht Hg¥<s ilmk PePaEby

position; and

F9 i M ERG  nEPTBFHIRA at the first

a gamma correction unit that uses a first gamma

correction value for forward-printing image data and a second

gamma correction value for backward-printing image data to

10 reduce a color difference between the. forward printing and the

backward printing that is caused by a difference of printing

order of the color inks between the forward printing and the

backward printing.

15 2. The image forming apparatus according to claim

1, wherein only the second gamma correction value is adjusted.

3. The image forming apparatus according to claim

1, wherein the gamma correction unit uses the non—-adjusted

20 first and second gamma correction values corresponding to a

single inkjet color ink to be printed on a first position on a

printing medium with another inkjet color ink being not

printed at the first position, and the gamma correction unit

uses the adjusted first gamma correction value or the adjusted

25 second gamma correction value corresponding to two or more



25 adjusting the first gamma correction value or the WD 03/078169

PCT/ JP03/ 03031 -55 second gamma correction value corresponding to two or
nore i nkyweto3owley i nks to be printed on one another on aPpmiJRred/esg31l nedi um
5 7. Anmethod for correcting a color difference between forward printing
and backward printing performed by a printing apparatus, conprising the
steps of: creating a first ganma corregtdion paraneter for forward-printing
i mage data and a second gamma correction 10 paraneter for backward-printing
i mage dat a isgias telarninkseto thfe prdngeddPhf epe i Bervedn at Recesd war d
printing and the backward printing, and perform ng gamma correction

par anet er wdtidhiongoaoa psitvirselrectivone of the first gamma correction
paranmeter and 15 the second ganma correction paranmeter in accordance with
the forward printing and the backward printing. 8. The method according to
claim7, wherein the forward printing and the backward printing are

performed by 20 the priniing.appasat lf%rmhngnairm@@ éayﬂiﬂ%ihaa&nﬁﬁ@ets

liquid ink on paper to print an imge on the paper. e fret hod

accordi g to.claim®. wherein the |4 quideink |5 BITRNLA ¥Reni D25 VO

printing head forwards, and backward printing is performed by
moving the printing head backwards, comprising the step of
using a first gamma correction value for forward-
printing image data and a second gamﬁa correction value for
10 Dbackward-printing image data to reduce a color difference
between the forward printing and the backwa;d printing that is
caused by a difference of printing order of the color inks

between the forward printing and the backward printing.

15 5. The method according to claim 4, further
comprising the step of:

adjusting the second gamma correction value only.

6. The method according to claim 4, further
20 comprisiﬁg the steps of:
not adjusting the first and second gamma correction
values corresponding to a single inkjet color ink to be
printed on a first position on a printing.medium with another
inkjet color ink being not printed at thé first position; and

25 adjusting the first gamma correction value or the



10. The met hod according to claim7, wherein the first gamm correction
paraneter and the second gamma correction paraneter that are swtched to
each ot hewoiog/o7&aézor dance with the forward printing and tireThaekesasid
printing 5 correspond to a first color positioned at an end of order of
colors arranged in the head unit, the first color being |last printed out
of the colors in the forward printing,ssnd the first color being first
printed out of the colors in the backward printing. 10 11. The net hod
accor di ng tIPEngl GRTMar CQDT e PHEITR ViR L Ueh €OF F e 8RO S €C0 FOgaRTACEDr r ect i on
paranmeters that are switched to each other in accordance with the forward
printing andkitete cbaokwankls pto rite mgiadedespoonke tanatheed lbowacprontindd 12.
The net hod according to claim7, wherein the first gamm correction

par anet er igedr@at ed based on the. second ganmma correction paraneter, or
the second gamma correction paraneter is created based on the first gamm
20 correction paraneter. 13. The method according to claim 12, further
conprising the steps of: plotting, in a color space, a first color 25

201 duged by e o et ORI pes et colr WoRuOTBISS |
between forward printing and backward printing performed by a
printing apparatus, comprising the stepé of:

creating a first gamma correction parameter for
forward-printing image data‘and a second gamma correction
10 parameter for backward-printing image data so as to minimize
the color difference bet&een the forward printing and the
backward printing, and
performing gamma correction parameter switching so
as to select one of the first gamma correction parameter and

15 the second gamma correction parameter in accordance with the

forward printing and the backward printing.

8. The method according to claim 7, wherein the
forward printing and the backward printing are performed by
20 the printing apparatus having a head unit that ejects liquid

ink on paper to print an image on the paper.

9. The method according to claim 8, wherein the
liquid ink is pigment type ink.

25



corresponding to the second color; calculating a correction coefficient
based on a difference in an angle made by a first line and a second |ine
5 in the woloaw78apace, wherein the first line is drawn on &CpaPo/030sxf t he
first color in the color space and an origin of coordinate axes of the

col or space, and the second line is drawn on a point of the second col or
in the color space and the origin of-gdre coordi nate axes of the col or
space; and 10 nultiplying the first gamma correction paraneter for the
forward printing by th8.caFeengtéedcerresdinn teoefdici’enthsbeds ¥ creat e
t he second gamma correction paraneter. 15 14. The nethod according to
claim12, flimshegampanporseagidrheastmpsenfandpple/isegoadggameat hr ough to
create the first gamma correction paraneter, wherein the ganmm-through
makes a grafatdcenohaphfadtdNpiiatl ERgEsHatehd® QUtpeh bimge tata 1 to 20
.1; determining an initial value of the second gamma correction paraneter

by using ”&%c@%ﬁgﬁbéh{@{fﬁg%ﬁ ﬁﬁ%&&%@m@&@%ﬁ@ HHNAE G2 8 O Kt ing

di fference between the printing and the backward printing; and 25
mul tiplyin by the .determ.ned initial value of the W) 03/078169
pCT 3poY) 0355 EsPBRICER ot Hate CAGF - BRY L GHCST difocly Pne ot TSt G
correction paraneter so_as tQ create the second gamra_coryection
colors arranged in the head unit, the first color .being last
printed out of the colors in the forward printing, and the

first color being first printed out of the colors in the

backward printing.

10
11. The method according to claim 7 or 10, wherein
the first and second gamma correction parametefs that are
switched to QachAother in accordance‘%ith the forward printing
and the backward printing correspond to a yellow color.
15

12. The method according to claim 7, wherein the
first gamma correction parameter 1s created based on the
second gamma correction parameter, or the second gamma
correction parameter is created based on the first gamma

20 correction parameter.

13. The method according to claim 12, further
comprising the steps of:
plotting, in a color space, a first color

25 reproduced by the forward printing, and a second color



paraneter. 5 15. The nethod according to claim 12, further conprising the
steps of: applying a ganma-through to create the first gamma correction
par anmet erywvowbersasbn t he gamma-t hrough nmakes a gradati on r&Crarefo3ndput
imge data to output inmage data 1 to 10 1; determining an initial val ue of
the second gamma correction paraneter by using the gamma-through as a
nmeasure so as to mnimze a differer®&-4n a print density or a lumnosity
between the forward printing and the backward 15 printing; and

mul ti pl yi ngerbpduned dey ebhf he¢iarei BFLVaI R ofhe ﬁ3r8§eeaﬂ<ar gama
correction paraneter, the first ganma correction paraneter so as to create
t he second ayameepcodiegtionhFasesendr colon; 16. A printing apparatus that
perfornms forwarding printing and backward printing, conprising: a head
unit for printing an tabg@elatsires iangoreansidéwrcsifOfiiadignad bassd ganm
correction 25 paraneter for forward-printing i nage data and a second gama
WO 03/ 078168 RCTEAR3{ 9303 lang129me@kr BGt b OP: P anBleetntior basdvar iy i nti ng

imge data so as to mnimze a color difference between the forward
printing a@%.t%@ec998§“@$é£é¥*dﬁér%9h @Hg first line is drawn on a point
of the first color in the color space and an ofigin of
coordinate axes of the color space, and the‘second line is
drawn on a point of the second color in the color space and
the origin of the coordinate axes of the color space; and
10 multiplying the first gamma correction parameter
for the forward printing by the calculated correction

coefficient so as to create the second gamma correction

parameter.

15 14. 'The method according to claim 12, further
compfising the steps of:
| applying a gamma-through to create the first. gamma
correction parameter, wherein the gamma-through makes a
gradation ratio of input image data to output image data 1 to
20 . 1;
determining an initial value of the second gamma
correction parameter by using the gamma-through as a measure
so as to minimize a color difference between the forward
printing and the backward printing; and

25 multiplying, by the determined initial value of the



correction nmean for perform ng gama correction 5 paraneter switching so
as to select one of the first ganma correction paraneter and the second
gama corweaBittiepar anet er i n accordance with the forwardPpmiJred/sgdtand t he
backward printing. 10 17. The printing apparatus according to claim16,"
wherein the head unit ejects liquid ink on paper so as to print an inmage
on the paper. 18. The printing apparatigs according to claim1l7, 15 wherein
the liquid ink is pignent type ink. 19. The printing apparatus according to
claim 16, SATONE FaBe EPFLIC e CeFrEEE o]gh%afrﬂa??gt &PTHAJ P eSSl Bhd
gamma correction paraneter that are switched to each other in 20 accordance
W th the favametpri abi ag endrdedehdblewardopdi ganmgy cogorecespond to a first
col or positioned at an end of order of <colors arranged in the head unit,
the first gelr@mebeirng |ast printed out of the colors in the forward
printing, and. the first color being first printed out of the colors in
the 25 backward printing. WO 03/078169 PCT/JP03/03031 -60 20. The printing
apparatus according to claim16 or 19, wherein the first and second ganmm

correction parametergslnab,ang Sid ched hongach OLIEl 1 ageepdance. wi th

n
the forward printing and the backward printiAg correspond to a 5 yellow

color. 21. The printing appar at according to claim 16
compggsing tge g%%ps 3%% 9 '

applying a gamma-through to create the first gamma
correction parameter, wherein the gamma-through makes a
gradation ratio of input image data to output imgge data 1 to
10 1;
determining an initial value of the second gamma
correction parameter by using the gamma-through as a measure
so as to minimize a difference in a print density or a
luminosity between the forward printing and the backward
15 printing; and
multiplying, by the determined initial value of the
second gamma correction parameter, the first gamma correction
parameter so as to create the second gamma correction
parameter.
20
16. A printing apparatus that performs forwarding
printing and backward printing, comprising:
a head unit for printing an image;
storing means for storing a first gamma correction

25 parameter for forward-printing image data and a second gamma



wherein the first gamma correction paraneter is created based on the
second gamma correction paraneter, or the second gamma 10 correction

par anmet erwpD3prs86¢ ed based on the first ganma correction paerareyen3lt 22. The
printing apparatus according to claim?2l, wherein the second gamma
correction paraneter is created by 15 nmultiplying the first ganma
correction paraneter by,a correction-ggefficient, the correction
coefficient is created based on an angle made by a first Iine and a second
line, the doinrsttipnepiranttain IoF RACKFRERTPHINESGr dMageedakasS v &l or
space and a first point in the color space, the second line is 20 drawn on
t he ori gi nmhitheecaocdlmatdl thicesnck bheweeh orhe dpaverdandiaties @il poi nt
in the color space, the first point corresponds to a first color

reproduced bQ@kﬁgfagﬁﬁhnﬂHﬂgﬁidﬂ@, and the second point corresponds to a
second col or reproduced by the backward printing, the first color 25

correspondi ng to the second: SOl Yean¥o03,07836%: REHARA3LB3084:1061 23. The

i nkj et printing apparatus according to ¢laim 21, erein a ganmma-t hrough

that makes a gradation.,ratio of input _i u iggm%dataj_to
1is ap%liéﬁ”%%E%EFeEY%ﬁfhﬁP i%%fﬁbgﬁhﬁeg%g?ec .gﬁ$§§%a%§?%F, and the
second 5 ganma correction paraneter is crea ed1§¥ nultipléing the,f%g;t
ganme cor r (SIS L AP aRBE IS HRE ahd e SPCORR LSBT (h& SEESRE YA
correction paranmeter after the initial value of the second gamm
correction jpar@vetrdente detleranddmprdsprgnthes and the backward

printing.

10 17. The printing apparatus according to claim 16,
wherein the head unit ejects liquid ink on paper so as to

print an image on the paper.

18. The printing apparatus according to claim 17,

15 wherein the'liquid ink is pigment type ink.

19. The printing abparatus according to claim 16,
wherein the first gamma correction parameter and the second
gamma correction parameter that are switched to each other in

20 accordance with the forward printing and the backward printing
correspond to a.first color positioned at an end of order of
colors arranged in the head unit, the first color being last
printed out of the colors in the forward printing, and the
first color being firét,printed out of the colors in the

25 Dbackward printing.



gama-t hrough as a neasure so as to mnimze a color 10 difference between
the forward printing and the backward printing. 24. The inkjet printing
appar at uswaesorslbng to claim 21, wherein a gama-t hr oughPChaPoskss a
gradation ratio 15 of input imge data to output inmage data 1 to 1 is
applied to create the first gamma correction paraneter, and the second
gamma correction paraneter is createddoy nultiplying the first gamm
correction paraneter by an initial value of the secon ganmma_ correction
paraneter after the i%gtléﬂ“%éﬁﬂ@tépgtﬁ@P?%@E€%6W§O§QﬁH§ &6r FERAR P
parameter is determned by using the gamm-through as a neasure so as to
m ni ni ze aadi filBer eheeeim the |fiimsoshtysecond wrama d¢emseeyipet ween t he
forward printing and the backward printing. 25 WD 03/078169 PCT/ JP03/ 03031
-62 25. A paegmaftts beaexeciisedthyied tonpudtleroldmrasn hocpedéneenye et hod
for correcting a color difference between forward printing and backward

printing perforaed, by ﬁrfﬁﬂﬂHd'%ﬁd apRah At MFard - iRrtingd ceerPsbshdidd e
steps of: 5 creatlng a first ganma correction parameter for

f or war d: prln & Longe data and a second gamma correction paraneter for
backmara pr| I'ng rmagé data so as to mnimze the color . difference
between the forward printing and the backward printing; and 10 perform ng
gamma correction paraneter switching so :

21. The printing apparatus according to claim 16,
wherein fhe first gaﬁma.correction parameter is created based
on the second gamma correction parameter, or the second gamma

10 correction parameter isvcreated based on the first gamma

correction parameter.

22. The printing apparatus accbrding to claim 21,

wherein the second gamma correction parameter is created by

15 multiplying the first gamma correction parameter by a
correction coefficient, the correction éoefficient is created
based on an angle made by a first line and a second line, the
first line ié drawn on an origin of coordinate axes of a color
space and a first point in the color space, the second line is

20 drawn on the origin of the coordinate axes of the color space
and a second poiqt in the color space, the first point
corresponds to a first color reproduced by the forward
printing, and the second pqint corresponds to a second cclor
reproduced by the backward printing, the first color

25 corresponding to the second color.



as to select one of the"first gamma correction paraneter and the second
gamma correction paraneter in accordance with the forward printing and the
backwar d woioabrsig? 15 26. A programto be executed by a cocpurey03sst t hat a
printing apparatus perforns forward printing and/ or backward printing so
as to correct a color difference between the .backward printing and the
forward printing, the printing apparatus conprising: 20 a head unit for
printing an imge; storing nmeans for storing a first gamm cQrrection
paramet er for forward28ri nERAgiMrRfe RETL 1NEn8PRAE_EGH PG Ic6Pr ect i on
paranmeter for backward-printing inmage data so as to mnimze a color

di ff erence detived t Wbetreinas dopriantihnpughd thas mpeeha lovad@tpeintrahy® and
WO 03/078169 PCT/JP03/03031 -63 correction nmean for perform ng gama
correction opairae! amagel tabango sutasmitt dmsgkeddtane of 1 hs fappitedatonm
correction paraneter and the second ganma correction paraneter in

accordance middrd e cf efvwardgRihdtddid-cand chhgabaskver d andPrnkt sBgond’. A
conput er -readabl e storing mediumthat stores the programof claim25 or

26. 10 5 gamma correction parameter is created by multiplying the first

gamma cqrrection parameter by an initial value of the second
gamma correction parameter after the initial value of the
second gamma correction parameter is determined by using the
gamma-through as a measure so as to minimize a color

10 difference between the forward printing and the backward

printing.

24. The inkjet printing apparatus according to

claim 21, wherein a gamma—fhrough that makes a gradation ratio

15 of input image data to output image data 1 to 1 is applied to
create the first gamma correction parameter, and the second
gamma correction parameter is created by multiplying the first
gamma correction parameter by an initial value of the second
gamma correction parameter after the initial value of the

20 second gamma correction parametér is determined by using the
gamma—through as a measure so as to minimize a difference in a
luminosity or a print density between the forward printing and

the backward printing.

25
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25. A program to be executed by a computer so as
to perform a method for correcting a color difference between
forward printing and backward printing performed by a printing
apparatus, the method comprising the steps of:

creating a first gamma correction parameter for
fo;ward—printing image data and a second gamma correction
parameter for backward-printing image data so as to minimize

the color difference between the forward printing and the

backward printing; and

performing gamma correction parameter switching so
as to select one of the first gamma correction parameter and
the second gamma correction parameter in accordance with the

forward printing and the backward printing.

26. A program to be executed by a computer so that
a printing apparatus performs forward printing and/or backward

printing so as to correct a color difference between the

,backward printing and the forward printing, the printing

apparatus comprising:

a head unit for printing an image;

étoring means for storing a first gamma correction
parameter for forward-printing image data, and a second gamma
correction parameter for backward-printing image data so as to
minimize a color diffe?ence between the forward printing and

the backward printing; and



WO 03/078169 PCT/JP03/03031
- 6 3 —
correction mean for performing gamma cofrection
parameter switching so as to select one of the first gamma
correctioﬁ parameter and the second gamma correction parameter
in accordance with the forward printing and the backward

5 printing.

27. A computer-readable storing medium that stores

the program of claim 25 or 26.

10



