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TECHNI CAL FI ELD The present invention generally
relates to inage data processing techniques and, nore
particularly, 10 to inmage processing nethod and
apparatus suitable for image form ng apparatuses and
systens which apply a hadstomienmoocess to i mage dat a.
BACKGROUND ART 15 As a recordi ng apparatus, which
prints an inmage processed by a conputer in nulticol or
and multi- tone (gradation) , there is known an i nkjet
printer (heMAGRIEROCEISING rieTHQD aANRNAPBARAIHSer IMAGE
whi ch records forgg%ban i mage (also referred to as a
dEORYINGEFEA T B riddor N T hapErOGRAM 4 REFAGDING
medium by injecting ink droplets fromnozzles
prBV IR to a recording head onto the recording
paper. Means for generating energy to inject ink
droplets .in the IJ printer is generally classified
[ one 25 being a so-called bubble jet
el '@mark) VO 2005/ 057911

PCT/JP2004/Q%§;%%e§é%t invention generally relates to

image data processing techniques and, more particularly,-

to image processing method and apparatus suitable for
image forming apparatuses and systems which apply a

halftone process to image data.

BACKGROUND ART

As a recording apparatus, which'prints an
image processed by a computer in multicolor and multi-
tone (gradation), there is known an inkjet printer
(hereinafter, referred to as an IJ printer) which
records (forms) an image (also referred to as a dot
image) on a recording paper as a recording medium by
injecting ink droplets from nozzles provided to a
recording head onto the recording paper. Means for
generating energy to inject ink droplets in the IJ
printer is generally classified iﬁto two methods, one

being a so-called bubble jet (Registered Trademark)



met hod (hereinafter, referred to as a BJ nethod) and
the other being a so-called piezo nethod

woOhersmsmaiter, referred to as a PZT type). ThecBJIP2004/018100
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met hod propels droplets of ink by 5 rapidly heating

the ink filled in a pressuriZdng liquid chanber by
utilizing a volune change by filmboiling. The PZT

met hod propels droplets of ink by a pressure due to a
voIIﬂ@*ﬁﬁOéhéE@éegéﬁétatCedr@yfeete*edr rfion@ sa adiBdphreagrad) and the
constituting a part of a pressurizing |iquid chanber
by°tBed; BplAgefeRP~6R14Hi BE6ELeBELhede| (Gepatinafter,
Accordi ngl.y al t hough the pressurization of ink is
di??%?ﬁﬁgdbEPmééna F%E Eypﬁgrhod and the PZT net hod,

there is no

{ff in th di t
forma dot i hge by EAReE, PREDEE GRoats, o I e
Lo, | to dat ated by |
Ty b Ol b R 1A TR R ne ) Rpe ot e auta
afiBe i, 0 1 - ef t. 1 J.,
SsushamBe® B 0Lt ad Eg%grg 9618 écggg§%p|%ggkﬁgg&ﬁglllng'

printer, wvarious pr sses nust

| NEIge ﬂ@Tame€§8§r§$$ﬁel§ @EQﬁ?é%sfbgmﬁﬁ%lé?a%epgégsure due

processing is such as shown 1n FIG 1

f loochavsdl ohe acips0§eSgefEra €0AVEY HBECHARHE é”ﬁggpQQE%m
into data, which can output by a recording apparatus.

| cd G idut OV zopver sbOna preseasesiRgandqRédcenkabler by -
a color system (RG) of 25 inmage data P1, which is

i PP bacenent ofegeptatasléentoi W0e2806h85794¢cordingly,

PCT/ JP2004/ 018100

although the pressurization of ink is different between
the BJ method and the PZT method, there is no difference
in the recording process to form a dot image by
injecting ink droplets.

In the meantime, in order to oufput image data
generated by a computer or aéquired from an image input
apparatus such as a digital camera or a scanner from the
IJ printer, various processes must be applied to the
image data. Generally, a process flow of image
processing is such as shown in FIG. 1.

FIG. 1 is a flowchar£ of a process of
converting input image data into data, which can output
by a recording apparatus. 1In FIG. 1, CMM conversion
processes P2’ and P6 convert a color system (RGB) of

image data P1, which is input as first image data, into



-3 a color system (CMy) of an output apparatus such as
an |J printer. BG UCR processes P3 and P7 separate a

wohensks791K) conponent fromthe CWY data so as POT/JP2004/018100
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generate second- inamge data. 7-correction processes P3

and P7 adjust the 5 ' output-zhal ance of each col or
conponent separated from the CW data. Zoom ng

processes P4 and P8 enlarge or reduce the inage data

SOa aSolor nay sheh hecrpgerdahaocti@pu@napph PHE e SQCHE ia@N an
of the IJ printer. Halftone processes P4 and P8
cohpareimbeh. pi Re/UCR phecenkasged atl Phagepdataewat black
a threshold matrix so as to convert the inmge data

i n{® doemparert nf damathAnCHit gatapeocesstPl@eneutmet second
the dot image data as third i mage data. Usually, inmage
datreagentdata om b garsonalon conper £3ePC hasndnPanedntst the
of information with 8 bits for 15 each col or RGEB per
on%uwwba@%e ant afdGht ceﬁornﬁewwlﬁaﬁ gfRBreged from

s ion 256_gradations fromO_ to 255 for _each
'ﬁp% ht. HOwEVEP, pﬁPFe%%SgFédﬁPfioﬁ§ @a&ﬁageb@r

d t h tic of
b B S AR LS
DBy ( @séfugfgﬁnﬁ%nfchgnlgo 9511@ gﬁlt%n%sed

|n|n |nject|oncaracter|3|co roplets

a"]&‘ro@é‘@é@é:tﬁé | $44CBg Oéoﬁlﬁg%dbﬁghnﬁgkéﬂ‘ Qae%%d'emarged
papers), ideal output characteristics cannot be

al ey Se agatA redih 25 AhiboHghat RetYi80EheEEI @8 convert the
processes P3 and P7 are
image data into dot pattern data. An output process P10
outputs the dot image data as third image data.

Usually, image data sent from a personal
computer PC has an amount of information with 8 bits for
each color RGB per one pixel. Such an ambunt of
information enables expression of 256 gradations from 0
to 255 for each color component.

However, all 256 gradations cannot be used in
practice. Since output characteristic of each color
component, cyan (C), magenta (M), vellow (Y) and black
(K) is dependent on coloring materials used in ink, an
injection characteristic of ink droplets and
characteristics of recordiné medium (recording papers),

ideal output characteristics cannot be always acquired.

Although the Y-correction processes P3 and P7 are



WO 2005/ 057911 PCT/ JP2004/ 018100 -4 applied so as to
correct the output characteristics, the 'y-correction

woayospawae a | ack of gradations nentioned bel e@r/JPi0G8018100
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2A through 2F are graphs for explaining 5 a |lack of
gradations due to a gamma-coargection and avoi dance of
such a lack by an expansion of a gradation |level. In

FI GS. 2A through 2F, a horizontal axis represents an

I npobltiedesfi aput-ogadatkicankhanduaputedhaGRict@diSstics, the
represents an output tone (output 10 gradation). FIG

2D+ soareenl e gealy veews of a alpakt ofi gdhdatednbBy ma@ntioned
circlein FIG 2C. FIG 2F is an enlarged view of a
paP®lPrdi cated by a circle in FIG 2E. FIG 2A shows

a state where no correction is applied and an input

and an out puf IE6rr édpbhdotghe aéh adeh & aghsorfeo1 S2xplaining
to-oge Fas%s. Cﬂ‘&ﬁe ot her hand, since a nonlinear
cofrettroft a9 eHBWACPA BRE toB2 §aEdalIcoy rasiicey, and
Iagkogfagéadg%ions as MWwhich is a

ho in FIG 2D, ,
partia .enFargeaugPeﬁliﬁcﬁ?ey 38, CHRFISCONr Odf te@hartion
POLEPEL! Onrn 201kl OBACknL 8 50l VB SUCR BRI s

l acking in gradations, JapdneSe’Lai e

Applpeatieps Na. in§991té§§0§ftgp§%g'ar %Q%bﬁfﬁ%%% a

suggest a process being performed-after enlarging the
dafart0pal 40itheepPMMkeREQCEASoLABALILRARL | @Rl of

nore than 8 bits.
gradation). FIG. 2D is an enlarged view of a part
indicated by a circle in FIG. 2C. FIG. 2F is an
enlarged view of a part indicated by a circle in FIG. 2E.
FIG. 2A shows a state where no correction is applied and
an input and an output correspond to each other on one-
to—-one basis. On the other @and, since a nonlinear
correction as shown in FIG. 2B is usually applied, a
lack of gradations as shown in FIG. 2D, which is a
partial enlarged view of FIG. 2C, may occur after the
correction.

In order to solve su;h a problem of.lacking in
gradations, Japanese Laid-Open Patent Applications No.
2001-45308 and No. 2001-285630 suggest a process being
performed after enlarging the data input to the CMM
process into gradation data of more than 8 bits.

Moreover, Japanese Laid-Open Paten Applications No.



25 Moreover, Japanese Lai d-Open Paten Applications No.
WD 2005/ 057911 PCT/ JP2004/018100 -5 2000-108384 and

woOl200528%1 144958 suggest an expansi on of a nuRDEIPIN4/018100
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gradations with respect to data after the CwW
correction. This treatnment is-to reflect a part,

which is elimnated as a value less than a decinmal in

8 5 bit data, as a gradation level. FIGS. 2C and 2D
shodp0he0Bask ehdgradarbonsl44a68 Euggedt and 2pa$0Wn of
an aspect in which the part of |acking gradations

( showwnbar FpESgradaandn2Dyiith mespeelti ndonataed afddrS the
reflected in the corrected data by the 10 expansion of

a Mhbepraechiabat i Bhés Thastmpnti $spassidelifé et av@iatt,
an occurrence, of |acking gradations due to a

gaPES R ot 7 eRt BREBYed pRFf Br HRhBSaheERpAhsinon decamal in 8-
gr.adation |l evel as nentioned above. However, it is

nat ur a a?%ata%na1%r%§%5ﬁgpoﬁ68?la gradation | evel

[ ' t information. If an
amount of i nf by aat Pon=tg 2Panary foe teFdadddITgdations,
[ f f ion nust.he._ increased.
%%2?£H%%§96§§59%252§ gég ggeéx %ﬁgiéﬂ legthgﬁaP?GE of

|QMﬁikﬁ@@Sﬁﬁa@QEi@ﬁéy(éthndfﬁrﬁfég.i?Cgﬁgﬁoﬁszskggnot

speed due to an !ncrease I N an armun oper tron
bl ahistateLasid i NEMLABL UGt Pn APl RELERSE. 2923? by the

buffer capacity. In recent |J printers, a nu
nezalassion of a number of gradations.

Thus, it is possible to avoid an occurrence of
lacking gradations due to a gamma-correction by
performing an expansion of a gradation level as
mentioned above. However, it is natural that an
expansion of a gradation level causes an increase in an
amount of information. If an amount of information to
handle is increased, a capacity of a buffer for
operation must be increased. There may be a case where
a expansion of a gradation level causes not only a
decrease in a processing speed.due to an increase in an
amount of operation but also a cost increase due to an
increase in a buffer capacity.

In recent IJ printers, a number of nozzles

mounted on one head unit tends to be increased so as to

acquire both a high-resolution and a high-speed



nmount ed on one head unit tends to be increased so as
to 25 acquire both a high-resolution and a hi gh-speed

woQB08H 1057911 PCT/ JP2004/ 018100 -6 oper ati ORCT/JP2004/018100

Especially, in a BJ printer that is capable of being

applied with a photolithograpy technique, a head

havi ng nore than 20 nozzl es has becone popul ar.

Al t hough such an increase in a nunber of nozzles is to

5 eqverdtiby.i nEepasiindliyhe inupb®J @frimazzd ehatd is capable

problemin that a recording width per a unit nunber

ofohodzelies pprldedr watbdadpbottols thogrepdy itechmicpd e a

pitch to acquire a high-resolution, an anount of

| MARFeRPBATompESSERED £8 AoKEdEsahasnbedons poredsed.
nmount 10 correspondi ng-the a nunber of nozzles

- by an a
i e BRReh SEGRt ABr 1NSFREES £ & AEERSEArY PO Fd%@sedse to
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a_tres Iqﬁion not onlg ig a Sﬁg-scanning di rection, )
wHtEH 1 sP% dPFEEEPoRYoFEdBIRG R0 221 B2 GE ralls @b lem in
Forshe” 160k aERThE A hER pBE ArBrE BmBE D g Tes 1o

tigms-of stheaynuphes aecegaggggn n.3$$9¢i ation é@ot Ncquire

an i ncrease In an anount O eration In an inmage

Prpaesgh NHe PPAE abHS agugmbgnﬁnokngﬁ%ggﬁgkqon to be sent
resol ution, a tinme [ag may be generated befween a scan

tite ng wéa@ Heagnandia theee8ked28ycanpkabigr Of
transfer of data to a head unit. In such a case, the

opsrateopowdiihethead HambeirSo$t appededntinkrelgegssary
data is received, which results in
Further, since it is necessary to increase a

resolution not only in a sub-scanning direction, which
is a direction of adding nozzles, but also in a main
scanning direction, an amount of data required for one
scan of a head is increased as a square times of the
number of nozzles. In association with an increase in
an amount of operation in an image processing apparatus
due to an increase in resolution, a time lag may be
generated between a scan timing of a head and a time of
completion of transfer of data to a head unit. 1In such
a case, the operation of the head unit is stopped until
necessary data is received, which results in
deterioration in effects of the increase in the number

of nozzles.



deterioration in effects of the increase in the nunber
of nozzles. 25 WD 2005/057911 PCT/ JP2004/ 018100 -7-

wWORBBIEBWRE OF | NVENTION It is a general objecPCofiP100€018100
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present invention to provide an inproved and usef ul
I mage processing techni que 471 which the
above-nmentioned 5 problenms are elimnated. A nore
speci fic object of the present invention is to
prdV$dBOHRENRFe IPVENEIONNg net hod and apparatus
whi ch can reduce a decrease in processing speed while
i mprovi ng repitodgciabidenteyadf odpjaddt iconschyy dfesemt
expansi on of a nunber of gradations. In order to
achiesRtife hBoPECNARE eRedmpaiovect §nokh Weregfuils image
provi ded accordlng to one aspect of the present
|H%@%??%ﬁl%ﬁ ﬁﬁaglﬁPSCé§sWﬁdcﬁe¢W§daﬁ@Wejmﬁﬂﬁﬂﬂnﬁﬁ
record data f on1f|rst i mge data 15 correspondi ng
%%%% %?X%Femf AMARREPSt nunber of gradations so as

I h rdi r r.din
ggngggu)s/ t expI gss%a giﬁ eatx&efc\%iht% p%erﬁﬁ%r of
or adad h P0NSn S ﬂﬁ'kS EB@Qd&hSnfhkﬁge %ﬁo 81nq me%&od and

gradati ons, ge processing -me conmpr

2Qps Oeeh O 0wB e6ANdhMRga L dat @ Q%a%%%%%fE'”%EJE%JQfﬁg

i mge data into a color space that can be o
t peed while improving reproducibility of gradations by

an expansion of a number of gradations.

In order to achieve the above-mentioned
objects, there is provided according to one aspect of
the present invention an image processing method for
producing recording data from first image data
corresponding to each pixel with a first ﬁumber of
gradations so as to supply the recording data to a
recording apparatus, which expresses each pixel with a
number of gradations smaller than the first number of
gradations, the image processing method comprising:
producing second image data by converting the first
image data into a color space that can be output by the
recording apparatus, the second image data having a
second number of gradations; producing third image data
based on the second number of gradations of the second

image data so that the third image data has a third



recordi ng apparatus, the second i nage data having a
second nunber of gradations; producing third inage

wdav@/ostased on the second nunber of gradati onBCofP100€018100
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second 25 image-data so that the third i mage data has

a third WD 2005/ 057911 PCT/ JRR004/ 018100 -8 nunber of
gradati ons; and producing the recording data by

appl ying a hal ftone process to the third i nage data,
wheursb & po odgenbg tibBest hiahd prege cdal dHc| #deS-ding data
adjusting the third nunber of gradations of the third

5 byregeptatiagt @ heléguak peoekslsargercHhahihe isecendata,
nunber of gradations of the second i mage data in
actordaimeprwpthcanguirber thfi rdolioegef olateacmqiiuvdes used
in the second image data. Specifically, the present

i RS ohnguppressésd nugbgr ginaressdriprimmfedde ithird
gradations by adjusting a |evel of a gradation

exPRHE? oR2 TR BecBrRdgAEelwtehod lagmissr tdfarcditer $apsed
for each gixel i.n I nput ina%g data sq as to reduce an

a S5t OFf nfbRARELBASt 8Eh&NEr 5669860 1magsy glata in
specifically, by. adjusting a_nunher of_ gradations 15

S G ETREY S ER: Py PEREREaO2d B st e FAPD WiieseL used
pr | 0g hi. i data, in accordance with a
ndﬁgggﬁ%fS%%?%és&égggnggiaéach pi xel of the second

i mge data Bf)@g_ul%ggallﬂtygu%%r ques %f&fﬁgd%rﬁnglg%ﬂ ;%hsppresses'

does not becone equa zero-even

?ra%ﬂahﬂ@é‘éeé?éaZQ therbhkst ihMage cdatiadnss iy W& s
0O zero.

level of a gradation expansion in accordance with a

number of colors used for each pixel in input image data
sOo as to reduce an amount of information to be processed.
More specifically, by adjusting a number of gradations
so as to be slightly increasgd or maintaiﬁea, when
producing the third image data, in accordance with a
number of colors used for each pixel of the second image
data produced, a number of output gradations does not
become equal to zero even if a number of gradations of
the first image data is a valug close to zero.
Therefore, a decrease in processing speed is suppressed
while improving gradation reproducibility by an
expansion of a number of gradations.

In the image processing method according to

the present invention, when the second image data is



Therefore, a decrease in processing speed is
suppressed while inproving gradation reproducibility

woyo@s7axpansi on of a nunber of gradations. | RCTAR2004/018100
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i mge processing nethod according to 25 the present

i nvention., when the second iLpage data is WO

2005/057911 PCT/ JP2004/ 018100 -9 produced using only

a primary color that is one of cyan, nmgenta, yellow

angrbldaced whemd hmiseconsrimage daleri shapr 0duee of cyan,
using a secondary color that is a mxture of only two

of makgendyan,ytiNevwegehtizlathe yethovthangdetbrdSihkgekdata is

and when the second i mge data is produced using a

t ePEicdiygesolugrintha@ secendaxy urelof thateisfathiéxtyan, of

the magenta, the yell ow and the bl ack, producing the

thPPétY fFGe Hatd ey ahe e Ry eRER ngth@eyehipd and the
g&er ofi%{adatlons of the third |nage data so as to

8fyF - R H§FEoRe ntdee & tyrhdabrefyced using
the r adat i ops_of

| b,
se%oﬁégggr%gi%%ﬂgﬂhaﬂﬁgg ot oﬁg ??Bﬁsogft?ﬁ%ét%FtF%?yCYan
th |
iR T e P (el
| ngneage s kgl 3y nd hurher, & o% &g@?ﬂmgstﬁs LAl t 06 per

second nunber of gradations second | nagé data

I Soequzbdhe ilhe dhidud nubed £ﬁa§@a§§{éogé Qi £gesatlsfy a

third i mage data. In the i nage processing net
aceelditagnshid he pregeit dﬂ“@i&déﬁhoﬂ@e@fC@ﬁ@rﬁrﬂﬁﬁgy

in the second

color = a number of gradations of the secondary color =
a number of gradations of the tertiary color”. When the
primary color is used in the second image data,
producing the third image data may not increase the
third number of gradations 59 that the seéond number of
gradations of the second image data is equal to the
third number of gradations of thé third image data.

In the image processing method according to
the present invention, when colors used in the second'
image data are in a one-color phase system haﬁing
different brightness, when the colors used in the second
image data are in a two—-color phase system, and when the
colors used in the second image data are in a three-

color phase system, producing the third image data may

include adjusting the third number of gradations of the



20 image data are in a one-col or phase system havi ng
different brightness, when the colors used in the

weeasrnd791i nage data are in a two-col or phase speTar3004/018100
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and when the colors used in the second image data are

in a three- color phase systemp-producing the third

i mge data may 25 include adjusting the third nunber

of gradations of the WD 2005/057911 PCT/ JP2004/ 018100

- 1@ hti idr dniagrgeltat oPpyinacseashggthbethbi-adnoxpber cef
gradations so as to satisfy a relationship "a nunber

of grgdadédbinens ofa= ool rtinfy he pakatbbwshppase number of
system < a nunber of gradations of a color in the

t woredbdriopisasd B systam kn atlmeinbee-oblgr adhtsensyetea =< a
color in the three-color phase systenf. Wen the
coRgm®eirn ofh@rgfet it prophasec 595t &m blre tgedcphorhphase
second ingge data, producing the third i nage data may
nofYPhEfease® t He"ORR| P HEABELiensgeddat icodersdnt Hate

t he, second _.nunber of' 10 gradations of the second
in§8§685F81P§ §%ﬁ£etﬁyﬁﬁéﬁﬁnhiW%eﬁuF%%rc%%oﬁFaaﬁtFBﬁsone‘

e ERAR BB LR MY L HE D tLRh (R ruGRePOrCr SAOPngaca
e Hod "acc _ _ nt o
| nEreass T RS (rird Tedlrar Y I Pl RS Bhe

acent dangempicth Jd nfis: oft 1 §60r i ngy pedi e 0. uhi gh :
third i mage g%ta IS rec&ided. Addi%?oﬁng§?$€#gdﬁ%$§8r ot

t hgrhberdon@Bge daid sdmyhd NGhagle dgfastdngg@atats ehe
increase in the third
third number of gradations of the third image data.

In the image processing method according to
the present invention, producing the third image data
may include adjusting a rate of increase in the third
number of gradations in accoFdance with kinds of
recording media on which the third image data is
recorded. Additionally, producing the third image data
may include adjusting a rate of increase in the tﬁird
number of gradations so that the rate of increase in the
third number of gradation when.recording is pérformed on
a coated print paper is larger than the rate of increase
in the third number of gradations when recording is
performed on other print papers including a non-coated

print paper and a projector sheet, the coated print

paper being applied with a recording agent receiving



nunber of gradations so that the rate of increase in
the 20 third nunber of gradation when recording is

woeodsmsmad on a coated print paper is |arger POatIP100€018100
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rate of increase in the third nunber of gradations
when recording is performedign other print papers
i ncluding a non-coated print paper and a projector
sheet, the coated print 25 paper being applied with a

r%Q%éﬁﬂﬁhﬁmﬁﬁﬁlﬁ@ﬁﬁ%vhnGOgEEEQOQ&QQ%&th on a surface
PCT/ JP2004/ 018100 1 treatnent including a coating

t reatdreriien & sstbagengoagenwhiiakladiegoridingragenttoner
including ink and a toner is adhered. Additionally,

t Hey eadiseypsdyvi ded according to 5 another aspect of

the present invention a recording nediumstoring a
program f or Bddsthgnaldynphere ¢s paoiddadredamgbing to
processi ng net hod for producin% recording data from
fiamithemgespeeh ebr FeSppREFARE Tt RVEAEH Opi elrafandiag
first nunber of gradations so as to 10 supply the

r SSHIT S B 1Y 02 aPF eE B AR ﬁ@raﬁﬁallsafl@s a C\fa*n%er

expresses each pixel with a nunb% radati ons,
TERER o TREST, PEPCRaER BRyPd |0|P§°q‘1%”igrmge

rocessin thod_conpri si_ng d

it kol ges ekt e Eae S
% ‘éﬁé@?lwféﬂ QefgggQuBu ée&h%fr§%%ﬁgﬁ¥%ns sp as to
apparatus second 1 'mage data having a secon

B
which expresses each pixel with a number of gradations
smaller than the first number of gradations, the image
processing method comprising: producing second image
data by converting the first image data into a color
space that can be output by the recording‘apparatus, the
second image data having a second number of gradations;
producing third image data based on the second number of
gradations of the second image data so that the third
image data has a third number of gradations; and
producing the recording data by applying a halftone
process to the third image data, wherein producing the
third image data includes adjusting the third number of
gradations of the third image data to be equal to or

larger than the second number of gradations of the

second image data in .accordance with a number of colors



gradations of the second i mage data so that the third
i mge data has a third nunber of gradations; and 20

wonrodwsiang the recordi ng data by applyi ng a haPCrorPmo4/018100
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process to the third i nage data, wherein producing the
third i mage data includes adjugting the third nunber
of gradations of the third imge data to be equal to
or larger than the second nunber of gradations of the
25fsecendh mageldatsed niacclos davcen ihage ngaber  of

col ors WO 2005/057911 PCT/JP2004/ 018100 -12 for each
pi xel used i An Hhseacomirdhmgenddian &ncbhdingcandithe
medi um according to the present invention, when the
sebPBRESPFage veatd I Wirenluded se¢ed ohhyga getanly
color that is one of cyan, 5 magenta, yellow and

bl BERAUGREN USHE T XU 3 rRigEYEY acPkor pEloaiickd asengfacyan,

d lqr. that js a mxture of. only two of the
oy BRIERE miGerEd A B Fow e (He BPAERS BRECRhEAta is
th nd i.nage data i s produce sj.n atertiar
co$5§ ?%Sg Pgl%Qﬁ%dﬁﬁég a?¥¢éﬁi§# %%%tcﬁﬁn?'miﬁtgﬁﬁ of
h Ll o dt roduci n he
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satisfy a relationship "a nunber” of gra ns o

prameeyteakor co1a NWRer of gradetiedsePf+iPee of the cyan, -
secondary color -<_ 15 a nunber of gradations of the

t ethéanygenkar," thdhertitgr 4Hd MY BDIOK, i Srel886ihd the

the second i mage dat a,
third image data may include adjusting the third number
of gradations of the third image data so as to satisfy a
relationship “a number of gradations of the primary
color = a number of gradations of the secondary color =
a number of gradations of the tertiary color”. When the
primary color is used in the second image data,
producing the third image data may not increase the
third number of gradations so that the second number of
gradations of the second image data is equal to the
third number of gradations of the third image'data.

In the recording medium according to the

present invention, when colors used in the second image
data are in a one-color phase system having different

brightness, when the colors used in the second image

data are in a two-color phase system, and when the



producing the third i mage data may not increase the
third nunber of gradations so that the second nunber

wohoosgsadat i ons of the second i mage data i s eqrai/JPmo4/018100
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the 20 third nunber of gradations of the third i nmage
data. In the recording nediumaccording to the
present invention, when colors used in the second
imge data are in a one-color phase system having

didofes £t usbai ght RBSS s Rl tihe RO S Uses i 4 hehree-
second image 25 data are in a two-col or phase system

ame Wenphhee\V\Oy2@eh, 0 ptdh ROl JR2XO0M DAB 10k ge 18ata may
colors used in the second inage data are in a three-
cénorlpihasadsystény mwhedudiingl trhenkdn ralf | greamds thdas @y the
i ncl ude adj usting the third nunber of gradations of
t ke ixdhi tdaoradetdaby By dneersdasd nghe Hghihd rrdumluemecpf
of 5 gradations so as to satisfy a relatlonshlp
a%¥0n§r§9aﬁﬁoﬁ§ R td sdol 6t FelathionHelR ol rnumber of
hase sgsten1 nunber of radatlons of a color in

tﬂéé&% &%P%rOEhaséoleﬂ@m S WATRLOF @?%%tﬂéﬁ%em = a
color_.in t ree-col or phase systemn'.
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i mage data is equal thir trons "o
ofotiher tHh& dei g?@%eglata%e ada thedecuding RAbdNata,

according to th
producing the third image data may not increase the
third number of gradations so that the second number of
gradations of the second image data is equal to the
third number of gradations of the third image data.

In the recording mgdium accordiﬁg to the
present invention, producing the third image data may
include adjusting a rate of increase in the third number
of gradations in accordance with kinds of recording
media on which the third image data is recorded.
Additionally, producing the th;rd image data may include
adjusting a rate of increase in the third number of
gradations so that the rate of increase in the third
number of gradation when reﬁording is performed on a

coated print paper is larger than the rate of increase

in the third number of gradations when recording is



present invention, producing the third i nage data may
i nclude adjusting a rate of increase in the third

wauanis@s791of gradati ons in accordance with ki ndecofiP2004/018100
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recording nmedia on which the third imge data is
recorded. 20 Additionally, progucing the third inmage

data may include adjusting a rate of increase in the
third nunber of gradations so that the rate of

| nesefsemetl bheothietrd prid @apfroriatetidinehemon—coated
recording is performed on a coated print paper is

| avgenttbhanerhendate pabjicndoeasheds: | nthdecddted print
nunber of gradati ons when recording is WO 2005/ 057911
PQEHRPPR004L 0882001 1eti4 widihf er medtcordistdheaggri ntepapeisy
including a non-coated print paper and a projector
sHeetatnpptcHREEHIBRONE Seafdmbheinry app | eok Wt t9mface
recordi ng, agent receiving treatnent including a

c G TRGUE Bt AERECOR A SUARREE BTGB G and a toner
recording _agent including ink and a toner is adhered.
Amﬁﬁt?%%%fﬁa; there i s provided according to another
aspect of th .esent_.i-nvention an imge, fornmn .

appar at us fo?‘dg?gaﬁgﬁ%glyr’e%tohred:ienglsdal?% Jr%?‘r‘ﬁf??‘g?rdlng to
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adations so"as to sup e recor

daé}?péﬁaﬁusrfg_gr?ifegu@@hb’ r%io%iwrmsf%%ﬂﬁlimage '

with a nunber of gradations snmaller than the first
nded ©brrgspdatiiagstot Ba dhmMpa& S10MM 1) APPaFat USumber of

conpri si ng:
gradations so as to supply the recording data to a
recording part, which expresses each pixel with a number
of gradations smaller than the first number of
gradations, the image forming apparatus comprising:
control means for producing second image data by
converting the first image data into a color space that
can be output by the recording apparatus, the second
image data having a second number of gradations;
producing third image data based on the second number of
gradations of the second image‘data so that the third
image data has a third number of gradations; and
producing the recording data by applying a halftone
process to the third image aata, wherein the control

means adjusts the third number of gradations of the

third image data to be equal to or larger than the



15 control neans for produci ng second i mage data by
converting the first inage data into a col or space

woheds/05tan be out put by the recordi ng appar at uBCTAPE04/018100
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second image data having a second nunber of
gradations; producing third_jgmge data based on the
second nunber of 20 gradations of the second i nage
data so that the third inmage data has a third nunber

ofscAtRlh ORBberadd RLEAEUGIdIE tde fiesos st dgd dahagbYdata in
applying a halftone process to the third image data,
whet@iridrileecaitthola nmedrs: aff usd sotherdhi sdchupbeel ofised
gradations of the 25 third imge data to be equal to

orid artgers ehandt hea¥® 2@0%/.057911 PCT/ JP2004/ 018100

-15 second nunber of gradations of the second inmage :
data in accénddhee imade £aumbey afpaoibrs foroedihg to
pi xel used in the second inmage data. In the inmage

f I My SppRratnycaddond ngan the t3rcep@sprge data is

i nvention, when the_second inmage data is produced ‘
uFTRFIERS HSpREnERY Y&l ST IMfY | e Bliatyhm, one of cyan,

magent el | and bl ack, .when the second i e dat i
D ey Stk Bt hen o rarcord g8 Bata 1
of __ onl f the an, .. the ent the yell ow and
i T e B L o e O et bt o R ERRE of

r Sj rtiany, c t o ' r f
PEd G haBamd bk, bl Hen il L S ALIGH! fnf ene
bhﬁ@ﬂﬂcthﬁnﬁoﬂhéﬁltﬂ%a@%%?ﬂa/fﬁgé@tdé@§ 15 d-84808" using

of gradations of the thir

a tertiary color that is a mixture of three of the cyan,
the magenta, the yellow and the black, the control means
may adjust the third number of gradations of the third
image data so as to satisfy a relationship “a number of
gradations of the primary co}or = a number of
gradations of the secondary color = a number of
gradations of the tertiary color”. When the primary
color is used in the second image data, the control
means may not increase the third number of gradations so
that the second number of gradations of the second image
data is equal to the third number of gradations of the
third image data.

In the image forming apparatus according to

the present invention, when colors used in the second

image data are in a one—color phase system having



i mage data so as to satisfy a relationship "a nunber
of 15 gradations of the primary col or < a nunber of
wareasians of the secondary col or < a nunber ®8€T/JP2004/018100
gradations of the tertiary color". Wen the primary
color is used in the second ijmge data, the control
means nmay not increase the third nunber of gradations
so 20 that the second nunber of gradations of the
S UEFEE @b r dghanks sequalent @Hdhedl < yuuern ofhe second
gradations of the third imge data. In the inmage
f dmaigy @pparatesiacaokdiorgolior the pr esedten Nvand i wWilen the
when colors used in the second 25 image data are in a
ome-loof rupbdsensybeesekanidnd A2/ 5A91 1in a three-
PCT/ JP2004/ 018100 different brightness, when the
cElogiosr ugkais ¢ nsyhtesecthe ciomage ldateans andyn adjust the
two-col or phase system and when the colors used in
5 t A izt ongpeagel daradatdons &t Hee-thigidbrinamggedata by
system the control neans may adjust the 5 third
ndMSErS B 1YY atfAei GRLTHf DERESThidtd ILEE- Rt 3y @s to
incrteas' ng_the tgi.rd unber of qgradations C?o as to £
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caolQgr._in. th ne- col hase _system <-a.nunber . of
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10 OREmEUOroPhGSLASYSHER oFf @ ¥aGd N hesSeqonk LEBOSr phase
data, the control neans may not increase the third
nyrRererof . grividehi ens s61bRaEt ibh@&he one-color phase system

are used in the second image data, the control means may
not increase the third number of gradations so that the
second number of gradations of the second image data is
15 equal to the third number of gradations of the third
image data.

In the image forming apparatus according to
the present invention, the control means may adjust a
rate of increase in the third number of gradations in
20 accordance with kinds of recording media on which the
third image data is recorded. The control means may
adjust a rate of increase in the third number of
gradations so that the rate of increase in the third

number of gradation when recording is performed on a

25 coated print paper is larger than the rate of increase



second nunber of gradations of the second i nage data
is 15 equal to the third nunber of gradations of the

wohbeshs791image data. I n the i mage form ng appar aCU8P2004/018100
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according to the present invention, the control neans
may adjust a rate of increase._n the third nunber of
gradations in 20 accordance with kinds of recording
medi a on which the third inmage data is recorded. The
Caft kole AEANSI NBYmbad] Ut g@atiake odfs WhareasRdidie is
third nunber of gradations so that the rate of
| petr€asecih dheotheérdpravmbenpef sgriaddiidimotemon-coated
recording is performed on a 25 coated print paper is
| argert thagret hend ad epodjentoeasteWd 2008 0 Idd print
PCT/ JP2004/ 018100 -17 in the third nunber of
gPapet des-viherPpeteddivaghi & reeoirckimed agerdt hercglryimg
papers includiﬂg a non-coated print paper and a

u

pireeedmer G hereludheacaacea tpronttresdman b apfaee
with a recaording agent receiving 5 _treatnent including
a°B5&tW%écﬁ?é%t%%ﬁ%r6hng egPPac &P CIM Rrhiddtk #nd a toner

recor%%g agent including ink and a toner is adhered.
| 5t RE™M “fornming apparatus according to the
10

present invenfion, the control eans nmay performa 30,
Hal OCESS. Ekﬁh% :

) in
zooni ng procéss and a tone fonal Ty

t heke gr sRovi ded.Aeegndi @ﬂ}gt ContUNGle ARPEEy PedMrm a
present invention an I nmage form ng
zooming process and a halftone process.

Additionally, there is provided according to
another aspect of the present invention an image forming
system comprising: an image processing apparatus that
produces recording data from first image data
corresponding to each pixel with a first ﬁumber of
gradations so as to supply the recording data to a
recording part, which expresses each pixel with a number
of gradations smaller than the first number of
gradations; an image forming apparatus that performs a
zooming process and a halftone procesé to the recording
data supplied by the image processing apparatus so as to
produce an image corresponding to the recording data;
and control means for producing second image data by

converting the first image data into a color space that

can be output by the recording apparatus, the second



system conpri sing: an i mage processi ng apparatus that
produces recording data fromfirst inmage data 15

woanrsgspandi ng to each pixel with a first nunmbecTaP2004/018100
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gradations so as to supply the recording data to a
recording part, which expresses-each pixel with a

nunber of gradations smaller than the first nunber of
gradations; an inage form ng apparatus that perfornms a
20imegpei degt pr beesagard sedwald tongo@r oses§ra@athens; and
recording data supplied by the image processing
appE@rdaing oths rdo impiged Weg aarbd sedjeon ot hespendhdgntmber of
the recording data; and control neans for producing
setoiftR i rRiye 64t &hby secomcerimatp tdretd i $ot thangehdathird
into a color space that 25 can be output by the

r Hpparat gs Fhike JeEhfr WO 2posiabyons; an
PCT/ JP2004/ 018100 -18 i nmage data havi ng a secon
nlﬁ%oé:ﬁlco]fn%régﬁt FERETERY A GadRY mPRIW+79i frelyel Ghpae

b t.h .nunmb of radat.i ons, of the
s aige BEFa LS thategte Pt HFHGL  dabe RastEol

f is : d .the -
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recor ta by app ohe” P
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the third nunber of gradations o rd rmage
datedrel heireeeal of0gRhdhaligsls Uﬁ&ﬁ@%eé&%nﬁmgdj@b&éta in -

of gradations of the second inage data in _
aceacdareead thth auabebee! oFoldis FOre@acks phxsl xasedsed

in the second i nage dat a.
in the second image data.

In the image forming system according to the
present invention, when the second image data is
produced using only a primary color that is one of cyan,
‘magenta, yellow and black, when the second image data is
produced using a secondary color that is a mixture of
only two of the cyan, the magenta, the yellow and the
black( and when the second image data is produced using
a tertiary color that is a mixture of three of the cyan,
the magenta, the yellow and the black, the control means
may adjust the third number of gradations of the third
image data so as to satisfy a relationship “a number of
gradations of the primary color = a number of

gradations of the secondary color = a number of

gradations of the tertiary color”. When the primary



In the image form ng systemaccording to the present
i nvention, when the second imge data is produced

waesgsolily a primary color that is one of cyaRCT/AB2004/018100
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magent a, yellow and bl ack, when the second i nage data
is produced using a secondary_color that is a mxture
of only two of the cyan, the magenta, the yell ow and
the black, and when the second i mage data i s produced

usbnNgr st @idddrn COAOrsébahdI §mé|g€1 dbiee ehd Hee 1
the cyan, 20 the nagenta, the yellow and the bl ack,

t heageninagl deanshcreysadiust thhedt Aumberudiergridations so
gradations of the third imge data so as to satisfy a
rehati ahshigedaendunireése of of ggaddaitanasofo ft hepragmmd image
color < a nunber of gradations of the secondary col or
<dataufibermfaR25tgradat tlohsd ofiurnhert erft icaaypadol@rs' .of the
When the primary WO 2005/ 057911 PCT/ JP2004/ 018100 -19
cohbrdi §maxed daita he second i nage data, the control

means may not increase the third nunber of gradations

so that the'BetdhdinadBef obRigLadatitens asCqtbingclend-he

image data is equal to the third nunber of gradatipns
OPEERENE CHITSPT e WATR. SPAOFRe UPRAGATY SHF PSR ofage
agcording t.o the resent invention, when_col ors. used
HSPRe 88c M 7 riye CAhra BPESFnoYbRA dovar itk erent

S}Sggslﬁ‘ﬁﬁgés“,g W eLgedt co%%i:gg%lggas i nRER ts'%ecogngJ[ g{rr?age

us e 'second I mage are in a two-
phass syt em andyybhenibPephase system, and when the

colors used in the second image data are in a three-
color phase system, the control means adjusts the third
number of gradations of the third image data by
increasing the third number of gradations so as to
satisfy a relationship “a number of gradations of a
color in the one-color phase system = a number of
gradations of a color in the two-color phase system = a
number of gradations of a color in the three-color phase
system”. When the colors in the one-color phase system
are used in the second image data, the control means may
not increase the third number of gradations so that the
second number of gradations of the second image data is
equal to the third number of gradations of the third
image data.

In the image forming system according to the
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colors used in the second inage data are in a three-

col or phase system the control neans adjusts the
wohbescsTnunber of gradations of the third i magecdarzobyisioo

increasing the third nunber of gradations so as to 15

satisfy 'a relationship "a nupper of gradations of a

color in the one-col or phase system < a nunber of

gradations of a color in the two-col or phase system <

ﬁrgggﬂgrlﬁﬂeﬁﬁﬁg%n‘%H%(goﬁkﬁ6d0ﬁeéﬂstﬁ§ytQH?%BQO%O&ate

ase systenf. Wien the colors in the one-color phase

SM§t eAr20ageeinsethd el seaaberi saggrdakaiohle in
control nmeans nmay not increase the third nunber of

gradatrianseseithatkkiiths & conco ndiber mefiigr adatdhdrs: dafhe

the second inmage data is equal to the third nunber of

gthdatli omsgef dehe titd recombegd. daThe 26nktmofthachamegamay

form ng system according to the WD 2005/ 057911

P&Ti P2004F0181060 imxrqresen theehbisd, nunbegontr of

means may adjust a rate of increase in the third

ngrBER TP BHatNGYs T D rehneBCHPER SkilRd$hef third

recordlng media on which the third inmage data is

r BEBPEEdCE THEAEBRBH w}%%fhsr%%@laaj 48t DETEREEess on a

|ncr£ a i n he third n gragﬁﬁlon sq .t hat

t H83F§ ep5ﬁn n8?8§§éﬁ§1 59?5|F% er ﬁﬁa&ﬁﬁﬁﬁ?se
n c fo 0 ri
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nﬂ@??ﬁrﬁgdggﬁd§£h%ﬂsﬁMEﬂErﬁﬁﬁﬁgénaniudlng a non-coated

print paper and a projector sheet, the coated print
paper being applied with a recording agent receiving
treatment including a coating treatment on a surface
onto which a recording agent including ink and a toner
is adhered. ' |
Additionally, there i1s provided according to
another aspect of the present invention a program for
causing a computer to perform an image processing method
for producing recording data from first image data
corresponding to each pixel with a first number of
gradations so as to supply the recording data to a
recording apparatus, which expresses each pixel with a
number of gradations smaller than the first number of

gradations, the image processing method comprising:

producing second image data by converting the first



10 perfornmed on other print papers including a
non-coated print paper and a projector sheet, the
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agent receiving- treatnment including a coating
treatment on a surface onto-awhich a recordi ng agent
including ink and a toner, 15 is adhered.
Additionally, there is provided according to another
asipecte ciattahelptesantoilnvespiaore EhartogramBboroutsusi Bg the
a conputer to performan inmage processing nethod for
PrEffdiHg S exppdragudat &her smcondstinapyalaad ch2Ding a
corresponding to each pixel with a first nunber of
gri&fabAs e Bsof o95appltonke Paeshudiimy deterd oimage data
rE%%%giggla aratus, which expresses each pixel with a
n dﬁgﬂaf?%ﬁ%dsﬁﬁmpéF thag e Fianst plunbes ®cond
gr.adatio "the_j nag rocessi ng net hod caonpri sing;
S5 MSASICA Ty SRCORC| e CHAta BYaBenPEER My d o Fhisd

79 P2004/ 01810 - 21 i e data_jnto
AR B e A 08 A PR s o T desan ghd data
a r : e ' Vi second
e P S dac e B0 el BS et ey i Himagt i drege data,
basedam t ; ti f cond
5 i mage d§?§x§%§$ﬁ%tE?ﬁgg%ﬁggdgﬁ%%%ed%g%hqﬁg%ﬂgk%ﬁird
nagbers tahgradatilonsd andbprodyciyRg dbhe Jrec gy ding data-q
by applying a halftone process to the third i mage
datage wheereito odigial tbeothikedgerage gatand nedawies

number of gradations of the second image data in
accordance with a number of colors for each pixel used
in the second image data.

In the program according to the present
invention, when the second image data is ﬁroduced using
only a primary color that is one of cyan, magenta,
yellow and black, when the second image data is produced
using a secondary color that is a mixture of only two of
the cyan, the magenta, the yellow and the black, and
when the second image data is produced using a tertiary
color that is a mixture of three of the cyan, the
magenta, the yellow and the black, producing the third
image data may include adjusting the third number of
gradations of the third image data so as to satisfy a

relationship “a number of gradations of the primary



adjusting the third nunber of gradations of the third
10 image data to be equal to or larger than the second
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accordance with a nunber of colors for each pixel used
in the second i mage data. |ngbhe program according to
the present 15 invention, when the second i nage data

is produced using only a primary color that is one of

Cydl.orageat aumby el boWoandidianks Ihethd he-86868R8y color =
i mage data i s produced using a secondary col or tﬁat

i & aumbdrurcsd efraatdty o of thheteyadartyhedIrRgent a,When the
the yell ow and the black, and 20 when the second i nage
da@tramag yproedigoed susisregl aihethkappcondl amagratddtsa a

m xture of three of the cyan, the magenta, the yellow

apd odie igicadiie prividucigeohedehir docsmagd datcramse the
include adjusting the third nunber of _gradations of

t A Pamibeeg © Td&ra dsvt H3ne osatthety thepsecond number of
rel atjonship "a nunber of gradatiaqgns of the primry W
2@6@%&7@% BET/EIR 6647 91816B2928388) oF & er© ofhe

043dsld Sigl- LIE FEepntercohot. B Slace e
CoLOr |5 sl Ioh 16 SRR LIBR I B HPUFLIGGL e
Chofiaatiingiss atbe gesoed, aibee thg MK I ore
ofingradald-ers f dihed hiydrbnpgavdabddirferent brightness,
when the colors used in the second image data are in a
two~color pﬁése system, and when the colors used in the
second image data are in a three-color phase system,
producing the third image data may include adjusting the
third number of gradations of the third iﬁage data by
increasing the third number of gradations so as to
satisfy a relationship “a number of gradations of a
color in the one-color phase system = a number of
gradations of a color in the two-color phase system = a
number of gradations of a color in the three-color phase
system”. When the colors in the one-color phase system
are used in the second image data, producing the third
image data may not increase the third number of
gradations so that the second number of gradations of

the second image data is equal to the third number of



In the program according to the present invention,
when colors used in the second inage data are 10 in a
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when the colors used in the second inmage data are in a
two- col or pl ease system andashen the colors used in
the second image data are in a three-col or phase
system producing the third i nage data may i ncl ude
adyumsda igprihe A SchidhitHindnhesgef dgrtadati ons of the
third i mage data by increasing the third nunber of
gradat i ons sbt ashe regtriagf pcaomliatd omshilpe "prasaber
of gradations of a color in the one-color phase
systesn i op nuisstupinggichdathdms gmagecslata imay henclude
two-col or phase systema 20 nunber of gradations of a
cABIUT R ADS thrtee-Tol bRCBRase igydhenithigfbmwpeer of
colors in the one-col or phase system are used in the .
S&Hﬁfgaﬁlr%&e thtaa?%?%aﬁg?nalftﬁe kifdsy oFf R At Rg nagdia
not_increase t third nunber of .gradatiops. so that

b T o ot GPAHE ke oF TR

t he second nunb econd

i mage data i I ir r _of. WO

2005/ 057911 Beteaodrb 18,60t At THREET 2 ThE

t hifbdRge %@iudiﬁu&hﬁhergﬂﬁg‘@ @ﬁ%%red'dkg:é %%geinclude
present invention, producing the third 1 mage ta may

| nedude: i rdjUstd g o r 8herabsknehease ivhihe L of
nunber of 5 gradations in accordance with kinds of

r eperdi e dica thyt Whehrhhe bl nedrmge dat aché third
recor ded.
number of gradation when recording is performed on a
coated print paper is larger than the rate of increase
in the third number of gradations when recording is
performed on other print pape#s including a non-coated
print paper and a projector sheet, the coéted print
paper being applied with a recording agent receiving
treatment including a coating treatment on a surface
onto which a recording agent including ink and a toner
is adhered.
Other objects, features and advantages of the
present invention will become more apparent from the

following detailed descriptions when read in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS




In the program according to the present invention,
producing the third i nage data may include adjusting

wa 205t08799f i ncrease in the third nunber of 10 PCT/JP2004/018100
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gradations so that the rate of increase in the third
number of gradation when recording is performed on a
coated print paper is larger than the rate of increase
in the third nunber of gradations when recording is

perfornmed onrpther psi At FPapRhS NI UA NY-ScH99- gpat ed
15 print paper and a projector sheet, the coated print

papervdieiitgy apphutedimagl dateacandiongaagentwhasiei ¥amdoutput
treatment including a coating treatnent on a surface

ortyo avmestpradirer crpbbAAgadgent i ncl uding i nk and a toner

is adhered. 20 O her objects, features and advant ages

of the preseHESi REnthopughl 2Fhecenwyantes apparexplaining
fromthe follow ng detailed descriptions when read in
cGhjUuatet ivh guadatigies adeenibanyi AgIEawlaies C PP BRMER
DESCRI PTI ON OF DRAW NGS WO 2005/ 057911 _
PEOIER AR 1DED -2418FE PY PR 2¥PRS\RR tobfa ggradation
pr.ocess of converting input inmage data into data,

Wi 'dan output by a recording apparatus; FIGS. 2A

through 2F ate; oraphs for exnlaining 5 &, laek of o

ar adat i ons ue to a ganma-correction anoe avol dance ?J?

S%da dia% @nﬂ%@)&gfﬂﬁkgg;oﬁlé.gﬁ%dqtsj Yh illustration
for explaining an operation of the inkjet head shown in
FIG. 3A;

FIG. 4 is an illustration showing a movement
of the inkjet head and a movement of a recording paper
associated with a recording operation;

FIG. 5 is an illustration of a éubic lattice
for color spatial conversion processing used in a CMM
process;

FIG. 6 is an illustration showing a zooming
process, which convert one pixel of the input image into
an output resolution of a printer;

FIGS. 7A through 7C are illustrations for
explaining a Dither method, which is a typical method to
replace gradation data with ON/OFF of dots;

FIGS. 8A through 8I are illustrations showing

dot reproduction according to a less value process;



| evel; FIG 3A is a perspective view of an inkjet
head of an inkjet printer; FIG 3B is an illustration

waQodsms7axpl ai ni ng an operation of the inkjet ReadP2004/018100
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shown in FIG 3A; FIG 4 is an illustration showi ng a

movenent of the inkjet head2and a novernent of a

recordi ng paper associated with a recording

operation; 15 FIG 5 is an illustration of a cubic

lattice forrce$or9spahitahgl W eEsicon Pocesst Dgn dSSHowing

in a CMW process; FIG 6 is an illustration showi ng a

zabmi gl z g8 ooed sa 1 e achi o nvier ¢ rede tpioxe lr egfr ddec € gt

image into 20 an output resolution of a printer;

FIsGS:tipns houwP7Oee ¢f lagle st sdas frodulexpl @i ntyige ;

a Dither method, which is a typical nethod to replace

gr adat i on daf BCwi 1 oW ol ofClserd: off G g gerpoghessing

8l are jllustrations show ng 25 dot reproduction

adoMhih g %O%dﬂr%%st%at% Lﬁff%%%%- 1B ePGa505 77Rd

PCT/JP2004/ O%?é -25 FIGS. 9A thrqugh 9C a}r

| |l ustrati onS*Show ni® %Io‘?r§ﬁ’}}e§ N 1204t %Jﬁl%’FShlp
atio eproducti o ecti.ons.in a_printer

SI %“gcwn%edjul Htion r)l/%e of % TELRY Ioéﬁmaharetcooj?éja%g paper

| nvem | O%%Faec?%jf&n Ped®f hagh aecordi ng Lo f1e, Y e§§P{1ary

colors.

BEST MODE FOR CARRYING OUT THE INVENTION

A description will now be given, with
reference to the drawings, of an embodiment of the
present invention.

FIG. 3A is a perspective view of an inkjet
head of an inkjet (IJ) printexr. FIG. 3B is an
illpstration for explaining an operation of the inkjet
head shown in FIG. 3A. As shown in this FIG. 3A, the
inkjet head 30 comprises a head unit 31 (yellow Y), a
head unit 32 (magenta M), a head unit 33 (cyan C) and a
head unit 34 (black K). As shown in FIG. 3B, the inkjet
head 30 injects ink droplets from ink nozzles provided
to each of the head units 31 to 34 onto a recording

paper 36 so as to record an image on the recording paper

36.



FIG 11 is a graph showng a relationship between an
anount of ink adhering on a recording paper and a

wanreasian | evel for first, second and terti ar pCT/JP2004/018100
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colors. 10 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON A
description will now be givengs-with reference to the
draw ngs, of an enbodinent of the present invention.

15 FIG 3A is a perspective view of an inkjet head of

an inkjet (1) ghroutedrbe Rl&:e8BthsatamltHduegt rigtd diead
for explaining an operation of the inkjet head shown

i WA FA taS Showresparthilsngl & 3Aurt ke loamkjeetpdieadts of
30 conprises a head unit 31 (yellow Y) , a 20 head
urtiMY BB B Neeidetitna 1) the tfée@iuaﬁﬁ Bls,e(r@yamrecyieamioa»ed
head unit 34 (black K) As shown in FIG_ 3B, the inkj
héf&%%ﬁfnja@bt@}ﬂrﬁ& ch%a;ﬂ dtavirgntrnRAAdFAIoes IoheA ébplt

to each of its 31 to 34 on Q a recording
§5¥ Hﬁ)géégpﬂjdﬁklﬁ% ﬁ@hFe&MQﬂlﬁfr PhOtO

2 005/ 5791 PCT/JP2004/018 00 -26
%37 na' E“hﬁlo o st scsff% Lght
(0] cO n
g%%m I N ?qjoqgfpthcgblﬁoeg[{a ert(ge) ar‘g].R gseﬁope recent hyanan

| RigrfteNeRM NI AL addi tiooad shgad Wniwh vk snk which is
darker than conventional ink.

FIG. 4 1s an illustration showing a movement
of the IJ head and a movement of a recording paper
associated with a recording operation. Although some IJ
printers are equipped with a line head that covers an
entire width of a recording paper, a generally used IJ
printer has a recording head 40 having thé head units 31
to 34 shown in FIGS. 3A and 3B. The recording head 40
records an image on a recording paper 41 by injecting
ink droplets onto the recording paper 41 while moving in
a direction (main scanning direction: indicated by
arrows 43) perpendicular to a feed direction (sub-
scanning direction: indicated by an arrow 42).

The IJ printer performs a color reproduction
according to a subtractive color mixing method using
CMYR (including light ink and dark ink). Image data

input from a computer C and the like to the IJ printer



5 corresponding to light ink such as |ight cyan (or
photo <cyan), which is brighter than conventi ona

woyens/ostaight nagenta (or photo nmagenta), whi CRCTEP2004/018100
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bri ghter than .- conventional nagenta, or the |ike, or
dark ink which is darker than conventional ink. 10
FIG 4 is an illustration showi ng a novenent of the
I'J head and a novenent of a recording paper

ass0pkatadoW thadel 86QLAIaRGEHEMA HON. addi i houghcs00R
[J printers are equipped with a |ine head that covers

anixenyl metwodt hsahga REecendi rG papent acgebarakhygtion per
used IJ 15 printer has a recordi ng head 40 having the

head phktd 3% mbae34hsmodn birtsHl GBic3A ande@BalThe or
recording head 40 records an inmage on a recording
papegesltbyni apeetiongt iofk ddvtepiratosesnt ot hebretbrdildg
paper 41 while noving in a direction (main scanning
deréstean: Thdiscatiéd lisy nECeaSedls 93 =Y pEadiEbal aRags

a feed direction (sub- scanning direction: indicated

bfa&A 5?P8m@4§PmPH§eFJ1§¢Phﬂ€FWEbFFGFhB avEBPot to 2 bits

R e Bkt oy SR Ol i £
L 6Puﬁ D0 B0 CE PGS FEL BT Fesbar Bi8g00° (eo7on e

'8u9 ﬁ%db 'EHQ% 343 ;a6cor 4ing 0,124 d] é t88l ‘%at FIG.
3 X

m Xi usin and an anount PSraatran
g?rsheﬂg QWEebrb%e@%r%lbm%q %ﬂ@‘ﬁéuﬂ@'&hpkécgggaklb% of

an economic machine 1 in which the image data is
processed by software (printer driver) that operates on
a.computer (PC side processes 4 and 5) and the printer
merely outputs the processed image data, and the other
being a process flow of a high-speed machine 2 in which
the image processing is shared by software and a
processing means mounted on the printer (printer side
process 3) so as to achieve high-speed processing.
Moreover, recently, with popularization of
digital cameras, there have been available on the market
some IJ printers that are capable of outputting an image
without using a computer PC by being provided with a
reading mechanism, which reads a recording medium having
image data, and an image processing mechanism achieved

by hardware that performs a process flow of the economic



| arger than an anount of data processible by the 1J 5
printer. Thus, it is necessary to convert the inmage

wdab@/os7am a conputer into i mage data havi ng 1PC0/J22004/018100
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bits for each color conponent of CWMYK by applying the
process shown in FIG 1 so_that the converted inmage

data can be output by the IJ printer. It should be

noted that FIG 10 1 shows two process flows, one
beiawhimegribcess fl ow of an econom c machine 1 in

which the image data is processed by software

(printer dridlke)CNHiapropesatk3, ofirca conpuf ethd RGstdeses
processes 4 and 5) and the printer nerely outputs the
prdeeys ed) i Pige HatRerfagwing heowtdres 108 Heiomy theprREfessolor
flow of a high-speed machine 2 in which the inmage

pridiess it L¥HareRdl oy sRAcSwar flahd Brogescessiasy a three-
megns nmounted on the printer_ (printer side process 3

! . )
s S HEN G Ot TP I g SpRRl 3 (TS Ag. SKEMEoVeY F1G. 5 so
R s PR ek e, o, 20 AVOLLEL GRS s
j-nt t hy bl f fputti an.i_mag
B R e T B

r eading, smeehap) Sdﬁta\’@ia%r{eec?%t A ecording Medi Y 51 gy

havi ng i mage dat a, an i mage processi ng nmechanism

aghiemed 25 hy: hprdyar ertdiats ped fonNS18,R6068S%f | AW o
of the econom ¢ WO 2005/ 057911 PCT/JP2004/ 018100 - 28-

magitiine 1kt thhee G FIces sf2& i 4T oFbateRg ibRe processing
processes
used in the CMM process. Although FIG. 5 shows a cubic
lattice, other lattices such as a hexagonal prism or a
tetrahedron.
The BG/UCR processes P3 and P7 (refer to FIG.
1) produce a K component by replacing overlapping levels
in the CMY data with a component of K (black). Since an
amount of ink corresponding to three colors, C (cyan), M
(magenta) and Y (yellow), can be covered by an amount of
ink of one color, there is an effect of reducing an
amount of ink consumed. Additionally, there is an
effect to add a so-called "thickness" to a dark portion.
FIG. 6 is an illustration showing the zooming
process, which convert one pixel of the input image into

an output resolution of a printer. The zooming

processes P4 and P8 replace a resolution (72 dpi) of one



shown in FIG 1, perfornms conversion fromthe RGB
color space into CWK col or space. This process uses

wa 200510815 di nensi onal cubic lattice 50 such asCsliP2m4/018100
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in FIG 5 so as to set the input RGB data to a

closest lattice point 51 bhy,qn interpolation

operation and replace the RGB data wth CMY data
defined at the lattice point 51. It should be noted

t Batxeﬁl Go ofl Il kiddfer *dtan wafcid 40reybigrhaht i @@o—
for color spatial conversion processing used in the
ClVigprooeess. oAl theugh ihhtGr ,5 sshawsown cihi 816l akti 6@, as to
other lattices such as a hexagonal prismor a

t etubahadnae. thiee gBEAHER oprs0 gess esm #3p axdl PZ0 ( bef er dioa
FIG 15 1) produce a K conponent by replacing

odenlsadpy mgx eweélts ariaa ,t IO rdateemk ¢ hdateoapoadion of

of K (black). Since an anount of ink corresponding to

t lvhee ggeldaits onCepeyateriMtiqrmgent a) and Y (yel l ow)

can be covered by an amount of ink of one color

there is afhef hedifteme RARTIRS 2 2O &RBume dFQﬁﬁF to FIG.

consuned. Additionally, there is, an ect to

sd) caqelpéeﬁeﬁh.vep}hl@fs@ﬁ PR Wi t@ﬁégFFpPé d@qﬁ Ss an
Iustr t.he z g oces

é eﬁ'ggqﬁﬁgq %ﬁrxré%ee?% oplaﬁioﬁfpﬁfmpared

g%agt %Iacg%&%;g%é utlon%fé ??n@?ag%ggvéé%sa@4

g&@hQﬁZﬁ#%fPQT&&E%QQ4kR%§&P%fﬂ?éhgtfsh 6Qveh iBRMeding

ge data with resol ution
the threshold value and not generate a dot at a position

of a pixel having a gradation level below the threshold
value, thereby replacing the gradation level with a dot.
Generally, as the halftone process, a Dither method
using a threshold matrix and an error diffusion method,
which reflects an error of quantization in a pixel
operation, are popular.

FiGS. 7A through 7C are illustrations for
explaining a Dither method, which is a typical method to

replace gradation data with ON/OFF of dots. FIGS. 7A

through 7C show a gradation expression by one kind of

dots with respect to a process using a 4X4 Dither matrix.

For example, when processing multi-value image data 70
shown in FIG. 7A, tiling is performed with a Dither

matrix (square black .frame: 4x4 mask) 71 shown in FIG.



4,800 dpi) of the printer, as showmn in FIG 6, so as
to substitute the gradations per one pixel 60 by a
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deterioration of 5 the gradation characteristic. The
hal ft one processes P5 and PQspcefer to FIG 1)

repl aces val ues of pixels wth OV OFF of dots.

Basically, the gradation |level of each pixel is

corpar ethe wii himgt hg eshptdc¥akueos@edsrhongeReiatiea a

dot at a 10 position of a pixel having a gradation

| eveel uexceeeh oy pikelt bf eshbtil-value amdgaotiagenersatkarger
a dot at a position of a pixel having a gradation

| exel st} bR t Hean ha eshoegholdl veluehevkbghr épl aciveglue of a
t he gradatl on level with a dot. GCenerally, as the

ha#F% r@%?%%@%%dl%gDF‘Ph@@chePhéél15nu‘§hﬂgDatt1’rﬂJ©§m’¢lle so
matrix and an error diffusion nethod,_ which reflects
ar?%r?%ro%?p‘ﬁ*aa%t‘#%Et7%nw?ﬁnatb?xﬁxe%p%?étl?o#S faal to

p‘%"fm Cﬁm“Qé‘hﬁfé‘ﬁ%aﬁ%ﬁfxa%é“%%i‘%%f%%%&%oa dot
d h t

&&971%‘;? oug% ‘%%%%S\gvsagégéygtlgng\éxs?‘ 28| fﬁ)e%E}o%ﬂevalue

ﬂ¥j§g uéK%féﬂﬂ ﬁﬁfgfﬁ% EﬂeaDE£HgfsﬁaH§ngﬂ%é@éss shown

k|
D t'her rmt rix. when processi ng

M ipMal uga |E@g@h§3fﬁ@l1?9—v§f\9$’ndéﬂa FI & odfpdd ldcﬂg
|s performed with a Dither 25 matrix (square bl ack

e umskis 7dhshoWn i RTEL Grc WO 20054954911
PCT/JP2004/018100 -30
In recent years, in order to improve granular

feel in the binarizing process such as shown in FIGS. 72
through 7C or FIGS. 8A through 8C, ink (hatched dots 80
and black dots 81) having different brightness are used
(a2 less value process “brightness modulation”) as shown
in FIGS. 8D through 8F, or smaller dots 82 are added as
shown in FIGS. 8G through 8I, so as to improve the
gradation reproducibility to 1 bit to 2 bits (a less
value process “dot size modulation”, referred to as
“less value” for the sake of convenience).

It should be noted that FIGS. 8A through 8I
are illustrations showing dot reproduction according to
a less value process.

The present invention relates to a technique

of performing image processing using image data which



73. The tiling is a process to determ ne whether a
val ue of each pixel of multi-value inage data is

woaog@s79ior smal |l er than a threshol d val ue, WhPCI/IPH0#&018100
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value of a part corresponding to each pixel in the
Dither matrix so 5 as to output a dot 72 when the

pi xel value is equal to or larger than the threshold
val ue and not output a dot when the pixel value is
srield dredrharprithertdd esinod da Vial gleer Bymiseguefit igalddations
applying the Dither matri x process shown in FIG 7A

t chare imrut -vedgre data,bunteuwerridby dRppatiiemn asuch
as shown in FIG_7Cis acquired. In recent years, in
or@date- ampraiel gianul wrideetf | iade bragessiimg. By
process such as shown in FIGS. 7A through 7C or FIGS.

8 SIS Jdie sf@cliwwat%wwﬁ% % rewadplasl dets rounded

BT LR Pt T 20 e e
:@%@%&ﬁa&%&am DT e B a0 s
O, S pAC DI Méy e B2k 0 Ll 80BAS,

vaI pr ocess ot 'size no arred to o as
" 188S MRl dorgihes sakes of r conyeniepe !
be nof%d t hat (%S %i‘th?ough 81 arg ? O&é%?ip?gﬁge twice,

s g gl 1 ee{).fc_ﬁd&mﬁir@@s accor dhnGs i Ort fn heS RV 3rd@iation
process. The present i nvention relates to a techni que

23 esfelperf (AN itENe HOSSSH NQyeise Ayl 1 fagehdak&panding
whi ch WD 2005/ 057911 PCT/ JP2004/ 018100
process is not performed before the CMM process, which
takes an extremely large amount of operation, but
performed after the CMM process since such an expansion

causes an 1increase in a load to a processor.

The Y-process showg in FIGS. 2E.and 2F is an
example of a case where an expansion is made from 8 bits
to 16 bits. Also in the subsequent hal ftone process,
the dot replacement can be done by being applied with a
Dither mask corresponding to 16-bit value or subjected
to an error diffusion process. If an amount of
information per one pixel increases, a burden to the
process is increased, which finally gives influence to a
processing speed. In the present invention, an

expansion of a gradation level is not performed

uniformly, but the expansion of gradation level is



-31 has been converted into a higher nunber of
gradations than input image data by tenporarily

wexpEndiaig a gradation level in a series of | raGEP2004/018100
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processing. By. using the technique, a part to be
rounded up (or rounded 5 dowy. by a deci mal |evel
adjustnent in the 8-bit process as shown in FIG 2C
can be reproduced as a continuous output as shown in

Fs@Pprék saad o2f prine p2te@NSmo o ddgr duigbeth of number of
gradations itself is perforned to be twice, four

t coedrseughid thoresach pilxelshirfitd ng tde gF adadtaasd G

| evel of each pixel. However, generally, the expandi ng
ppaoess siinonetepelr.f or mred before the CMM process, which
takes an extrenely | arge anount of operation, but
performed affteer exeep@eM @loceds dAriget suedgardata, if it
expansi on causes an increase in a load to a |

piec8&doithe] FaTHE FOFEREESEOTs KWV S IRV E R OF 2B

is an _exanple of a case where an _expansion is nmade

f PHin 16 COT TG HieTHIHE VAl iTo Wt Thé Sifskyehtan input to

hal ftone prqcess, the dot. repl acenent be. d b
GPnG SAGEY 68 W< DL Hor e ok duthal Hy rghe 13 ck
1<63_fb| tra\éalt?l%norlesv%qj %.Cst ?ndln 'tzoecfi.n. %r{loésgléﬁéjsié)&f of
procgés.al an anount "o I'nformati on "per  one pi xé

i $58238% 3 hurden fn'tlﬂeate%r QeSS dSrd NGF ea%eedgra%ation :

ich finally gives influence to a “processing speed.
| Belhe oY, eS8l 11NV e AN, 1 (AN o & @PaNSE Qria i G adaln s ed,

| evel is not perfornmed 25 uniformy, but the expansion

ot gradatiicandievelin Sn image guality is hardly recognized
in practice. Thus, there is no need to perform an
expansion of gradation in a single color of CMYK in an
image processing system in which an optimization of a
halftone process is performed so that a gémma correcition
in which an input and output characteristic is close to
1:1 has been made.

FIGS. %A through 9C are illustrations showing
dot sizes and allocation of gradation reproduction
sections in a printer of a dot size modulation type.
According to sizes of dots formed as shown in the
figures, a width of each gradation section using each
dot size i1s adjusted and reflected in threshold values

of a Dither in the halftone process or threshold values

in an error diffusion. process.
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prohi bited in accordance with a nunber of colors used
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speed. For exanple, also'in 8-bit inmage data, if :Lt

5 is not the ganma correctieg3curve as shown in FIG

2B but the correction curve in which a ratio of an

input to an output is close to 1:1 as shown in FIG

2A, the | ackFIef @radhadiwenal ewek whemkndpizetavidibessch
the lack of gradation |evel concentrates on a part of

t oy raiczg | dve 100 weed | on, aevenoirfiiabopntpé0%rath8ibeal
gradation is mssed, a deterioration in an image

quatias. i FHar d?y seewvyntkeld tha pradetien Fhpsesshere is
is no need to performan _expansion of gradation in a
sidgHe et Y ot bl afets nafeapfobeaskag9dydnem ingpnge
which an optimzation_of a 15 halftone process is

et SR 'SP hatV L ghht RoFPetti oR'®i ATARRERCEN

[ t d output_characteristic is clos 0 :1 has _,
be%gﬁ)rrfea el.orIEIj?%.a ?‘I’Tﬁ‘%ﬁﬁ% 3?:%& 5m#$u§?|£'5t9én§ng medium
S i ! [ n i adatio

;oA an S n e RS At Lo Lyl PRk Be s ge1 70
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shown in the figures,”~a width of each gra ion
setixPPUHNY Baede WOts ShZ et Soad) ushedsandsrgbtecsgd ang -

in threshold values of a Dither in the halftone
prideess:dirunt Meshad 2 waldlesange of gradation level from
171 to 255.

Although an ideal dot size is not always
achieved depending on a performance of a head unit, it
is possible to acquire a desired characteristic such as
for example a characteristic in which briéhtness
according to the gradation level becomes linear
(brightness linear) by adjusting gradation section +to
which the dot size is applied as shown in FIGS. 9A and
9C. That is, when the minimum dot size is small, as
shown in FIG. 9B, a range from a low-brightness to a
high-brightness can be reproduced. When the minimum dot
size is large, as shown in FIG. 9C, a range from a
relatively high-brightness to a high-brightness can be

reproduced.

Since the characteristic of the halftone



25 in an error diffusion. process. WO 2005/057911
PCT/ JP2004/ 018100 -33 FIG 9A shows a case where dots

woaavisng7aach dot size are forned on a recordi RQTRE#/018100
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with ideal sizes. FIG 9A shows that the gradation
expression is achieved by opy small dots 90 and
bl anks 91 in a range 5 of gradation level fromO to
85; the gradation expression is achieved by only

spRblkedat § t8@18Nd sTREAIMCtdRt S92 HN @EFrddngeOfexpression
gradation level from86 to 170; and the gradation

e¥piLBsS $keheict achie\sathdlye @allyrrediadatidol @ ayudion of

| arge dots 93 or only the small dots 90 and 10 the

mediyEn dat £x$2nidingy erege saf qﬁ%gﬁﬁdaﬂidnﬂ&ﬁ fotomedddd or
to 255. Although an ideal dot size is not always
aehingwédudepepdingg con i® perfifdoiende vdfera shesldndid tcoder is
is possible to acquire a desired characteristic such
ayses -f ofhéwarks erplding acttedndtyi 9 i briamht ness
according to the gradatiaon | evel becones |inear

(BPPYARIESS Metdad By &diststicng anssé&q%mon
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bgmprove granular feel of each color of CMYK and an
amount of ink adhered, and, basically, there is no
difference in expressing gradation by continuing on fhe
same color phase of normal CMYK ink.

When only one color among CMYK is used or
colors of the same color phase including iight ink orxr
dark ink are used, & processing speed can be increased
while maintaining a gradation reproducibility by not
performing a gradation expansion process or performing a
minimum expansion.

A description will now be given, with
reference FIG. 10, of an image processing method
according to the present invention. FIG. 10 is a
flowchart of an image processing method according to the

present invention. In FIG. 10, input of image data

(step S1), the CMM process (step S2) and BG/UCR process



reproduced. 25 Since the characteristic of the
hal ftone WO 2005/ 057911 PCT/JP2004/ 018100 -34 process
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respect to a si.ngle color gradation expression of
CWK, an expandi ng process ofsgradation is not- needed
or a mninmum expansion is sufficient when a single
color is 5 used. This is applied not only to the dot

si(zeepTBdy| atreornetherd by @80 drown bid ghigess. as a
nodul ati on nethod, which uses ink having brightness
diffifrerte rtl datdon ,cdryvent idetalrminled t hiad sissp | $ghtwhakher or
or dark ink. The object of use of the light ink or

t hetdar kdaskrdinng @alt@®n npr ev e gramy arageeloofareacherhead
color of CMYK and an anount of ink adhered, and,
bagsod&labpr t(REFs isheasd . il erteifcecdge exbl eged mgecording
gradation by continuing on the sane color phase of
NEPPEIT GWNWQHﬂEEW%%ﬁﬁﬁﬂ%ﬁﬁmﬂ?Rﬁﬂ(ﬂo%ﬂﬁhdH%Mﬁ@¢%¢ (No of
used or 15 colors of the sane col or phase inc| udin

| PERP S o COATRS M idre HRRRT. SO G| GRP Ebapber oF

can he increased. while intai ning a gradation
r@pﬁggﬁgﬁbﬁﬁgﬁf By’ ﬁﬁ;eﬁﬁgékwn1ng a gradation

expansi on pr gﬁév\iﬁldoee{é Y & @V\}E‘%M expans! Ofl

20 A descri pti now be" gi ven, ef érence

st Rig TR PRSI 26°ORS de,
which provides a low effect of expansion of gradation
(Yes of step S4), the routine proceeds to step S16 where
a gradation expansion process of small expansion is
performed. It should be noted that the process of step
$16 includes that no expansion is performed.
Then, the routine i1s directed to one of step
S7, step S12 and step S16 acéording to a number of
colors of ink (a number of ink tanks (not shown in the
figure)). In step S7, a gradation expansion process of
large expansion is performed. In step S12, a gradation
expansion process of medium expansion is performed.
That is, if the recording paper.is neither a regular
paper nor an OHP sheet (No of step S4), the routine
proceeds to step S5 where it is determined whether or

not a single color is used. If only a single color is

used (Yes of step S5), the routine proceeds to step S16.
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BG UCR process. WO 2005/ 057911 PCT/ JP2004/ 018100 -35
(step S3) are the sane as thgt_shown in FIG 1. As a
first election, it is determned, in step S4, whether
or not a recording paper is a regular paper or an

over Bead urRnai§Ciod s retusdd (NY oraseepidsy hethe
recording 5 paper is neither a regular paper nor an
OdBushieet piiNecelds e te) ,s@ winatedi tprintdPapatiisadh

sa a coated paper or a glossy paper is selected. If

i tthieshebet enrninoed onlly dtwep Sl onhadrd hesed ecor di ng

paper is a regular paper or an OHP sheet, 10 which

provi des a |Idwafliedtvaofcakpansion wieqr Bat i oh fives S6) ,
of step S4), the routine proceeds to step S16 where a
gtaGa s L& DIDCHPASF deesxtald Shalvhasgarisi bh datermined
performed. It should be noted that the process of step
STBetheru®ss otattifo @RS tch 1% Bt drifedn 18R haame
the_ routine is directed to one of step , S7 tep S12

L 6T TARS -ac 0Bt aiity GO s ot oo el P rT e
(%hg%ng%rreoef oirnk &raenlgzsol(onrost asrheOVWseiJ] él\poe O:E igyé e)g6) ! Nehe
step S7, "a gradat on expansi on process of Iargpe !

eXBaRghan pix%d%%rdfsorﬂge%tdéﬂ‘ $f 8L 11 Y 108,20

expansi on process of medi'um expansion 1 s perrtor ned.

TRaban$ion dledRCYing RARSILASs 8 therp&r F6AAT  1£
only two colors are used and the two colors are in the
same color phase system (Yes of step S11), the routine
proceeds to step S16 where the gradation expansion
process of small expansion.is performed. On the other
hand, if only two cclors are used but theltwo colors are
not in the same color phase system (No of step $11), the
routine proceeds to step S12 where the gradation
expansion process of medium expansion is performed.
That is, it is determined, ip step S11, whether or not
there are provided ink having the same color phase
system but having higher brightness or lower brightness
so as to direct the routine to the gradation expansion
process of small expansion when there are two kinds of

ink of the same color phase system.

After the selection of the process to be



paper nor an OHP sheet (No of step S4), the routine
proceeds to step S5 where it is determ ned whether or

waabosasmingl e color is used. If only a single eorgrP2008018100
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25 used (Yes of- step S5), the routine proceeds to step
S16. WD 2005/ 057911 PCT/JP2084L018100 -36 If a

plurality of colors are used (No of step S5), the

routi ne proceeds to step S6 where it is determ ned
WheihBsrisd Nod  @dthyl £ 96d ¢ 0k Oy-Scedisesh |4+ Q9L ysgWos13
colors are used (Yes of step S6), 5 the routine
praockeds/ t sl ep ISl fbeeeprocessdéseeps ngdl, Bhdt hed S18)
or not the colors to be used are in the sane color

pliase 2l etk o0 helpe hinage i date, i endet Ehannethet hapcessed
three or nore colors are used (No of step S6), the.

r dadfe FictetisCev et bpd Smipedett frtyr dduenbhzagion) .

' | . iop | f d. If
oy TRAOIRT S 7 (SRUE st hen t RbLRSF OPEORPESI ASt he
0l Yes of step Sli h ]
S ATRICRP e IS BRI SPatef aahefohLishanarants
| ' On.the oth
DRERE Al g BRSSP e S DL he' o8t
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step Sli), the routine proceeds to step wher e 't
gl igHb cPANSE s PE 06 €551 9f 2 AB S U eéPé”ﬁé@?eHSto

performed. That is, it is determned, In step Sl11,

whetthem athdGimag®d ddves o€ DEHVH desl dnkohayiAgit BRount

sane col or phase
of information since an error in the operation of the
quantization is reflected in an operation of a next
pixel. It should be noted that the post process (step
510, S15 and S19) is unnecessary when an error diffusion
process is not applied to the halftone précess. The
image data after the quantization is rearranged in
accordance with a structure of the head and a print bus
(not shown in the figure), and is sent to the head unit
and an image is output, in step S20, from the head unit
in accordance with the image data.

FIG. 11 is a graph showing a relationship

between an amount of ink adhering on a recording paper
and a gradation level for first, second and tertiary

colors. 1In FIG. 11, a horizontal axis represents a

gradation level and a vertical axis represents an amount
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system but havi ng hi gher brightness or |ower
brightness so as to direct the routine to the

wareasian expansi on  process of snmall expansi eaTMREN4/018100

there are two kinds of ink of the sane col or phase
system 25 After the selectipn of the process to be WO
2005/ 057911 PCT/ JP2004/ 018100 -37 perforned is
conpleted, a 7-correction (steps S8, S13 and S17) and

aohak hkorenRrARS S n( St RS 5% rSlband & rd 8h@ paper
applied to the inage data, and, then, the processed

| Thge cdabd tes Gemeartert dNtas dot adﬂi@:(cﬁwaﬂﬁ@zﬁtl@ﬂ)lnk)
5 1t should be noted that since a Dither process is
apphiced FIG..t H® Baloftsore: prdicesing tamoyixedf datla wisder a
di scarded after quantization. However, if an error
dicbhdgitérnpodc ess riess tappl b iam t d:hdweadtae?Iereamm‘escsf ink
a post process (steps S10, S15 and S19) are needed to
10neEeass st heliceage Odat)a aéwbé:}é”g?@‘rf—ltmﬁ%n PG ma the
anmount _of information _since an error_in the operation
Fef:ﬁé‘daéé(aﬁtoilf’éft oG it e St TP ope? PR et a
It should be noted that the post process
(§F§Bec§f6el§15 and S19) is unnecessary when an error
di ffusi on 1§kR&§ﬁ£§S J S not_@pglled 1O, he Falftone
process. The g€ dﬁ%é)é?% The quan TZarion 13

”ﬁgﬁ:&%ﬁ _ 11%‘&10%%‘1 %&’i‘iéﬂrﬁ%ﬁé@i&” foin%h§1£‘§§d

(not own in I gure

S%QElbgst@%JE%@%suway HE“E&UEéd“EﬁEééﬁf%&&tho'Q St&P1em
0, fromthe head unit

in that concentration is saturated if an excessive
amount of ink adheres on a recording medium (recording
paper, print paper, etc.). The various problems include
a generation of bleeding or a spot like a liquid drop
due to overflowing of ink which is not absorbed by the
recording medium, and a contact of a head to a printed
surface, which contaminates the printed surface, or
causes a paper jam due to swelling of the recording
medium.

For example, if an adhering amount of the
primary color, which produces a solid image by the
primary color ink, is set as a restriction wvalue in FIG.
10, the secondary color is permitted to 184th gradation
level and the tertiary color is permitted to 139th

gradation level. This means that tertiary color can be



20 in accordance with the inmage data. FIG 11 is a
graph show ng a rel ationship between an anount of ink
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for first, second and tertiary colors. In FIG 11, a
hori zontal axis represents a3@5 gradation |evel and a.
vertical axis represents an anount WO 2005/ 057911
PCT/ JP2004/ 018100 -38 of ink adhering in a unit area
ofexdrieecendiing quapert i drheseinad tiea1 £f ed £reied poiMsSr@ncolor
adhesi on amobunt of ink). Since FIG 10 shows an
adferchngaambentexgfrd sdedindergrmadaohah thntof 2 5Bth
restriction, the adhering anount of ink 5 increases
t wiredat20094! eared- -t hrlBwig i nes {B0984d akhahean sespadaign of
color and the tertiary color are applied,
r SSPESILLPEl Y S MRABATATY nf Pt dets cesrblaesteeteron is
normal |y appl.ied to an adhering appunt of ink since 10,
various proBHeUHy e ek Fhiandvaiva ¢6 arn adhering
sat u

bl in .t hat, ' ' i f .
SRSy & ditborke o e Aol atf of 50T ERoran iRk at e
(6c0rdi A0 ARSIy Pl DARE o LiCo)y Theyarions oo

pro “include "a generat! eding or-a spo

IR s W ORI A4S [ AeLd | M 08O LDl WL ER an

i s not absorbe y t recordinhg nedium and a

CaRiAgh9fi o REAAHL AuRfd Nt ciSULd aCRangk CBy various

contanmi nates the printed surface, or causes a paper

| Factee st @uereldd R idhihe JecoiiwOth a recording paper,
a volume of an ink droplet, a recording resolution, an
existence of drying means such as a heater, etc.
However, with respect to numbers of expressible
gradations of the first, second and tertiary colors, a
relationship “a number of gradations of the primary
color = a number of gradations of the secondary color =2
a number of gradations of the tertiary color” is
malntained. Thus, when performing an expansion of
gradation, the expansion should be applied that a
relationship “a number of gradations of the primary
color £ a number of gradations of the secondary color =
a number of gradations of the tertiary color” is
established.

As mentioned above, the restriction wvalue is

influenced by various factors, and from among the
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FIG 10, the secondary color is permtted to 184th
gradation level and the tergpary color is permtted

to 139th 25 gradation level. This neans that tertiary

col or can be WD 2005/057911 PCT/JP2004/018100 -39
expraassed, inigiadat i ovconing pabér offivtbeapgreBEYinfluence
col or which can be expressed in gradation up to 255th
grtadatieorrdsveict dusyaltei s Shice that spacexpanseanmeht
gradation is necessary for the tertiary color. 5

AStsugt® thvr reeteicinoningl e appbheddher angonamoaned

of ink is set to 100% of a solid (daubed) image in

s PGPS IRFP S THE! e B Ehbih PRPFF G(cery phAper)
restriction val ue y be changed in accordance with_an

i ROPYAS o d?eft%@rﬁgtﬁ%l,cm chrk NehakgedaBg YaiRbhss are

1%a%%ﬁkpﬁﬁn§Q§ s mat chi ng of with a recordin

i nk o
paper-Y a VU6t Bh 3 ?n#%ﬁ?o%e?Ec%?HFﬁ@nedgln ink.

oS i, Lo SN A, Sy 00 TEENS PR 5e%y 1o

heater’, etc
exprnessi ble gradations of the first, second and
tertiary colors, a 15 rel ationship "a nunber of

gradations @n tiiee REEHEF Ynark®)] Of3Foe cOHPDE pPint paper
gradations of the secondary color a nunber of
gsadat aensceftdded@esid i By ol intsr use, which is
applied with an ink receiving treatment, has a costing
layer to facilitate ink being fixed on the surface of
the recording paper, the restriction value can be set to
a value having a larger margin than that of a regular
paper. Moreover, there is a special example such as an
OHP sheet having a ink receiving layer on a plastic film.
Since the plastic film as a base cannot absorb ink at
all, an amount of ink exceeding an absorbing capacity of
the ink receiving layer overflows. Thus, the
restriction value must be a smaller value. waever, the
gradation reproducibility is not determined solely by
the restriction value, and a resolution on a recording
paper gives great influence to the gradation

reproducibility. In the above-mentioned example, a

regular paper and an OHP sheet are inferior to the



mai nt ai ned. Thus, when perform ng an expansi on of
gradation, the expansion should be applied that a 20

woeb@tosonshi p "a nunber of gradations of the pPCWEP3004/018100
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color _< a nunber of gradations of the secondary col or

a nunber of gradations of thgjtertiary color” is
established. As nentioned above, the restriction val ue

is 25 influenced by various factors, and from anong

t 30 a\Wod2 Q% 5 Al b rPGH K RN W8] ObhpadOtfackplisalso they
ki nds of recording paper give a great influence to

t heer dstiiddtdortoa umatSidigaper spech atetpeat neota

such as for receiving ink is applied to a non-coated
priestodrutdaper such as a regul ar paper (copy paper) 5
popul ar in general offices, ink may run and wi nkl es

are eaS|IyiEQﬂrﬁﬁﬁmﬂkﬁIciﬁi@wﬂ%ﬁYc%m®bheﬁPtcéﬁtﬁ@ﬁ@@d on
inink. Thus, the restriction value is set to
réi&ﬁQH%%FIRﬁPeﬁmﬂ%R¥ TR tHE Dt PR ahtoe5F neé E%%ted

OSSR el S AR S e? L, e
t t. h I to f I
béffaa”e%gode ot eirdar 3F eherdRd of i pepers of the
S t I
@%& faﬁ:déH#?@&%ﬁ '%JJ §ﬁab {Eda Vﬁ£95003¥|ngt is

margin t a regu 15 pape

'V%rs%%\‘r(%rd R & HS cﬁﬁspﬁffé@é f&aﬁ@é@ é&cé‘nﬂérae aliP
sheet having a ink receiving layer on a plastic film

project an image on the OHP sheet by a projector having
a low-luminance. Thus, a pattern in the OHP sheet 1is
blurred due to diffusion and attenuation of light, which
results in an image having extremely small dynamic range
projected on a screen.

On the other hand, the reproducibility of dots
is high and a small gradation change is recognizable in
the coated paper even that the restriction value can be
set to a high value. Thus, the coated paper requires an
expansion of gradation rather than a regular paper or an
OHP paper. This can be said for a glossy paper which
can reproduce dots more clearly.

For the reasons above, it is a waste of a time
to perform a gradation expansion on a recording paper
having a low resolution, and a gradation expansion

should be performed on a recording paper having a high-



Since the plastic filmas a base cannot absorb ink at
all, an anount of ink exceeding an absorbing capacity
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restriction value nust be a snmaller val ue. However,

the gradation reproducibiliug-is not determ ned

solely by the restriction value, and a resol ution on

a recording paper gives great influence to the

graeket Loni orepr dthues pi 1nt yhel préhenabaveemenbhonadrate of
exanple, a 25 regular paper and an OHP sheet are

i nfeeierse oln he MONPEO5p H570adaPCFh3P2604£618280whetl
coated paper in an ink receiving capacity, and al so

t eSO fiTerd oFegWlar coaped paper @HPhshespebaviogaa
resol ution. For exanple, if a very smal| dot is forned
orPEL L ¢ERFArohapRICXPARSHRY Plind BPBRETT Phepsagptions

the re uIa er, which nakes t{he dot unclear. Thus,
a5 f %%b%?t " gAdE Fof %gfaﬁﬁaﬁaea frpm belng

f& é S fﬁ expe ansi on.ca not be fullﬁ exhi bite iy

MOt sqi TR R b Thet bR sataflsoagﬁa tgn

h
p?o?a%ct o@{‘%%pf@“ﬁ%??ul#%gﬁc gBehpref Bralest Y, Rion-
EC s rgﬁg sda@gurred due to diffusion and

at enuatlon [1ght, which results in an inmge
having extr emel ynsuBd | LEYR3AEE £AREEthRr Qb%’{}feeﬁlleﬁp&:t.@ned

screen. 15 On the other hand, the reproducibility of

dagisocess can be described by a program and is executed by
a computer, or implemented by hardware, which is mounted
on a printer. Additionally, such a program can be
distributed to a remote place through a network, or
distributed by a low-cost medium widely used as a
computer recording media such as a flexibie disk, a
compact disk (CD), a digital versatile disk (DVD) or the
like. Those recording media are suitable for long time
storage, and are effective for program backup.

Although the IJ printer is described mainly in
the above description, the present invention is not
limited to the IJ printer and is applicable to a printer
using other recording methods such as an
electrophotography or a thermal transfer method.

As mentioned above, according to the

embodiment of the present invention, a gradation pattern,
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in the coated paper even that the restriction val ue
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requires an expansion of gradation rather than a
regul ar paper or an 20 OHP paper. This can be said for
a gl ossy paper which can reproduce dots nore clearly.
For the reasons above, it is a waste of atine to
peritorim ies gradsd | @t expAnsh oflc Ovir aheeow it Rgapapatput
having a | ow resol ution, and a gradati on expansi on 25
s hrdwe h e pies f or nell anracoedongli agppapeus havangba hi gh
WO 2005/ 057911 PCT/JP2004/ 018100 -42 resol ution.
THgRLlemishrd freseen L orneny | braga pateessingnbyease in
a nunber of gradations is reduced when recording on a
r EGHIRAT Hapef HiCERPTHE shevimbayi ¢ aradahipnef fece

of an expansi on of a nunber of gradations 5 so as to
mqﬂﬁhﬁrzﬂ??ﬁﬁﬁﬁntQﬁni?ﬁ%ﬁr@ﬁi%ﬁP?Foh¥%%?n6atar which

TR Bl gt e et S o pr obdeLEhgnally, =
hi_gh- Pty d d I h b ted.that the
i R T b R

pregiamand i, exact ad vy aa&ﬁ@'\‘:liﬁéi’ a of ARl egent ed

by hardware, which I's nounted ©on a printer
Adidd pnadd 8/ £ S WS 38h PFOHE AN LN PE-r@hStE I HYERUAt QuAber

renote place through a network, or distributed by a

| @ casforedidsn Wdlelaadtsesiasl 2 which prevents an
increase in an operation load to a processor.
Accordingly it is possible to reduce a time spent on
processing high-quality image data.

Light ink, which is used for mainly
suppressing a granular feel, and dark ink, which is used
for mainly reducing an adhering amount of ink, are in
the same color phase with a primary color as a base.
Generally, in a design of image processing parameters, a
gradation reproducibility of a primary color is
maintained basically. Accordingly, when only a primary
color is used, there is no advantage to expand a number
of gradations for light ink or dark ink which may in the
same color phase. Therefore, an amount of information

is prevented from being unnecessarily increased by

adjusting a number of gradations to be increased by
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conpact disk (CD), a digital versatile disk (DVD) or

woheos/057e. Those recordi ng nedi a are suitabl ePCoIPI00#YI8100

10

15

20

25

time storage, and are effective for program backup.

Al though the 1 J printer is degcribed mainly in 20 the
above description, the present invention is not

limted to the IJ printer and is applicable to a
primieing usbiigtéhetoI €O dh ngheesndscslich hadR system,
el ectrophot ography or a thermal transfer nethod.
As¥miectt | mnedembovaen accosdsagitoathepbatibadilsert tof a
the present invention, a gradation pattern, WO

2005 57941 . PCTEIP0DAg D 81001 s -AG8swithéh ke tredueecat time
off in accordance with an output characteristic of a

r TR NP apPRT BSB89 clahobedua bbtEniBREE By tper f or mi ng

i mage processi ng bY tenmporarily increasing a nunber

of gradation€®R8ralEy nuiber GREATRr OfhaRefRaPrOCaSFHRY

[ data, which pl th ti .
e EPUES RS Al STOTBIT 7, 5P  ARBER ObF CFnPr fmPFARSFY

d bei ' [ d .
REE i e " UFatATTore 5 Ba-racrdaced i
aG6er danae. il f pounber AQoglasalovs yaed Lo 280k inary

prevents an | ncreas A an opera

| 0ash §:0 2ndrosessOrin ARE0LGhBILY1bt: bRaRRSSW &Y Are used,

reduce a tinme spent on processing high-quality inmage
dagldere is no advantage to expand a number of gradations.

Therefore, an amount of information is prevented from
being unnecessarily increased by not performing an
expansion of gradations when a primary color and colors
in the same color phase system are used, which prevents
an increase in an operation load to a proéessor.
Accordingly it is possible to reduce a time spent on
processing high-quality image data.

Since there may be a case where a dynamic
range of reproducible gradation is extremely small due
to dot blurring on a recording medium dependiﬁg on a
kind of recording medium, especially a regular paper, in
which blurring tends to occur, there is a small effect
of an expansion of gradation. Moreover, an image

recorded on an OHP sheet forms an entirely wash-out

image having a small dynamic range since it is enlarged
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granul ar feel, and dark ink, which is used for mainly
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col or phase with a primary color as a base.

Generally, in a design of inmmge processing paraneters,

a gradation reproducibility of a primary color is 20

mai nt ai ned basically. Accordingly, when only a primary
cohnd psolisededtbereni prodeatdvanhagentgoaexpand amount of
nunber of gradations for light ink or dark ink which
mayightt heAccandivolyr phase. i¥her efeid, edifeannwift aof
information is prevented from being unnecessarily

i ne¥eaketopyedsghdfasipagfarnanbémage grabiet irers rdd nige on
i ncreased by WO 2005/057911 PCT/ JP2004/ 018100 -44 _
| up® NP offRtRkr cOPoFRe| RORREAEHME2BoLBAiFAE¥6]l recording
sy tg w@ich re ent% ag i ncrease in an operation
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' f. ng _hi gh- lity i,
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color and colors in the same col or phasé systemare

usiifhgd Goit hereedrsl e gayant ageahoogrpPanded RUAREr nak 5
gradations. Therefore, an amount of information is

prevent eglf feoim obeamgexpamesessadkl ¥ hagpreased Byafbiions,

perform ng an
an amount of information is prevented from being
unnecessarily increased by reducing a rate of increase
in a number of gradations to be increased, which
prevents an increase in an operation load to a processor.
Accordingly it is possible to reduce a tiﬁe spent on
processing high-quality image data.

By recording a program, which can perform the
image processing method according to the present
invention, on a low-cost recording medium, a large
volume distribution and copy can be achieved. If it is
a non-volatile memory, a long-term storage of such as
program can be achieved. Furthermore, since recent
computers are normally or optionally equipped with a

recording medium reading device such as a flexible disk

drive or a CD/DVD drive, the program recorded on such a



expansi on of gradations when a primary color and
colors in the sane col or phase system are used, which

wonrews®Itd1 15 an i ncrease in an operation | oad POTAP2004/018100
processor. Accordingly it is possible to reduce a
time spent on processing higlg-quality inmge dat a.
Since there may be a case where a dynam c range of
reproduci bl e gradation is extrenely small due 20 to
doteddrdinggredianr egor dengapetly uimdepandidngnor adgipider .
of recording nedium especially a regular paper, in
whi ch bl urriBgetendsent doventibtheie netalsmildecefdcedthe
of an expanS|on of gradation. Moreover, an inage

ohlBn SHPcSpeed eobagimaneati ﬁedvaaghto@mszand
|na ving a small_dynanic range since it is
]ggjuc %%5?%7@%1@@?/ ypopourodsrentings faqe the

pro ected by. an proj ector having a snmall anmount of

> %P 2o %ﬁh@f Sé?he?%v?g L%l | effect of an
expansi on of gradation for an inmage to be recordi ng on
the OHP sheet. On the contrary, an individua
recording 5 dot can be reproduced clearly on a coated
paper or a gl ossy paper to which a recordi ng agent
receiving process has been applied, which increases
the effect of an expansion of gradation. Therefore,
when recording an imge on a regul ar paper or an OHP
sheet which has a 10 small effect of an expansion of a
nunber of gradations, an anount of information is
prevented from bei ng



unnecessarily increased by reducing a rate of increase
in a nunber of gradations to be increased, which
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processor. 15 Accordingly it is possible to reduce a
time spent on processing high~quality imge data. By
recording a program which can performthe inage
processi ng nethod according to the present invention,
on a | owcost recordi ng nmediCi#yIMS | arge 20 vol une
di stribution and copy can be achieved. If it is a
non-vol atile nenory, a |long-term storage of such as
program can be achieved. Furthernore, since recent
conput ers ar é-noPRaEM96r PEPERERANCY Mefliqshe mintpducing
recordin negiun1reading device such as a flexible
di%%c%%dg’?gv abR Srefy BYDS8r tvedet Ae ter 6gramsnsswlidey to
oqegggh a %£>2ogﬁ/05g911 PCT/JP2004/ 018100 , -46
r ecordi Rt Fedlumtcant bES EaBMry e netaPredaitiops so as to
co . h [ nt LLnvention is not..limted to the
sﬁgﬁﬁﬁiaT?% §?§8?§§%é %ﬁ%%dlﬁeﬁtg?cgﬁg¥$%ﬂ%ﬁg Y&nd

| £ ' h t e i_ng fraom.zt 5
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PG%&JE@QQ4f@4§1QQe fﬂfétcﬁéﬁﬁgrlofABrgqgQ§ B%Qc%ﬁﬁ m%age
nmet hod for producing recording data fron1€|rst I mage
dad o € & BSPOoREt REAt Bomprising:
producing second image data by converting said
first image data into a color space that can be output
by said recording apparatus, the second image data
having a second number of gradations;
producing third image data based on the second
number of gradations'of the second image data so that
the third image data has a third number of gradations;
and
producing said recording data by applying a
halftone process to the third image data,
wherein producing the third image data
includes adjusting the third number of gradations of the
third image data to be equal to or larger than the
second number of gradations of the second image data in

accordance with a number of colors for each pixel used

in the second image data.



5 each pixel with a first nunber of gradations so as
to supply the recording data to a recordi ng apparat us,

woehbeshsenpr esses each pixel with a nunber of grauari0#818100
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smal l er than the first nunber of gradations, the inmage
processing nethod conpri sing:48l0 produ0|ng second

i mge data by converting said first inmage data into a

col or space that can be output by said recording
appar at us, tBe s®bendmamegerdatssimayimgidEesontlaimed in
nunber of gradations; producing third i rage data based
onctagmséeonderg¢snpumben bhegsadanidonmagfe teasecomtoduced
i mage data_so that the third inmage data has a third
NUAHERT 0PT§Y adlaPFdMS LY andopr sbasi Ag saied ofecuredi ngragenta,
data_ by applying a halftone process to the third
|r%@%lﬂﬁt%ndZElﬁﬁEreWHeBrBH@cﬁﬁﬁopﬁeHm%QQjQ&EMQfﬂéﬂ@duced

i ncl uydes adj usti.ng the thlrd nunber of gradati ons of
th‘éSl?‘Hi?dS{eﬁﬁﬁ%agXt GOLB7bENBRUAP Po B HERG&T (dy two Of

aatie T B b AateaSiirth & RuNBLS81 200 o PR dReRnd

‘@‘E%%&?‘S%f%@?#?é@%ﬂ%?ﬁ?go&g‘iﬁﬁﬁﬁ@ﬁ WPigge 2 tertiary

esess sason g gecchabrd gyl it Mt

PriapEyt£0! Bhet PAL 165 9RE @ﬁecﬁﬁﬁckqa@%%ﬁﬁc1ng the third
image data includes adjusting the third number of
gradations of the third image data so as to satisfy a
relationship “a number of gradations of the primary
color = a number of gradations of the secondary color =
a number of gradations of the tertiary color”.

3. The image processing method as claimed in
claim 2, wherein when the primary color is used in the
second image data, producing the third image data does
not increase the third number of gradations so that the
second number of gradations of the second image data is
equal to the third number of gradations of the third

image data.

4. The image processing method as claimed in

claim 1, wherein, when colors used in the second image



yel | ow and bl ack, when the second image data is
produced 5 using a secondary color that is a m xture

wohowmspitwo of the cyan, the nmagenta, the yePCoOMPZN018100
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t he bl ack, and - when the second i mage data i s produced
using a tertiary color that-4%s a mxture of three of
the cyan, the magenta, the yell ow and the bl ack,
producing the third 10 i nage data i ncludes adjusting

t hdathi adenimber onb-cgiladaphase efysttee hhivichgd MEAGEFerent
data so as to satisfy a relationship "a nunber of
grizdbehbnessf vhenpthearcyplocsl used ia mhebercohd image
gradations of the secondary color a nunber of
grédied i A8 d ‘hévpefpilarypbelser sysism3. aTile wheagdhe
processing nethod as claimed in claim2, wherein when
t PP Fraf§eeolBr the G8eanfnimpge daésnaremige addthyee-
prodggigﬁgthe thiﬁd i mage data does not increase the

t K7t huBRr S of Y §F Slat PORSUSSIEh &R FB13E sB@@Rd data

f d . d i d [
oL AETH R, et D T TR IR B o o
i o i i had i
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data are in a one-col or phase system having~ different
brg i Hessns Woenat 861601 OhstHeednin LhgSeEARM %g%@%m < a
data are in a two-col or phase system and when the
number of gradations of a color in the two-color phase
system = a number of gradations of a color in the

three-color phase system”.

5. The image processing method as claimed in
claim 4, wherein when the colors in the dne—color phase
system are used in the second image data, producing the
third image data does not increase the third number of
gradations so that the second number of gradations of
the second image data is egual to the third number of

gradations of the third image data.

6. The image processing method as claimed in
claim 1, wherein producing the third image data includes
adjusting a rate of increase in the third number of

gradations in accordance with kinds of recording media



colors used in the second inage data are in a three 5
col or phase system producing the third i mage data

wonadswdeai adj usting the third nunber of gradat POmSPIN4/018100
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the third inmage data by increasing the third nunber

of gradations so as to satisfgr a relationship "a

nunber of gradations of a color in the one-color

phase system < a' 10 nunber of gradations of a color

i nohhehfwb- tbkothphdsémagygstema<ia maaeideef.

gradations of a color in the three-color phase

systenf. 5. The inage processing nethod as clained in

15 claim 4, wherein when the colors in the one-col or

phase systerh-ar 8hgsdaaigr pheocsessdmy medgedata,claimed in
producing the third image data does not increase the

t iF+ Aufberh8reigr REaENEABIs shenshirke 1s@aendlahaiiarcludes
of _gradations of the second inage data_is equal to

t

HO 4P P HuftbER U6f C2018FA8aEPOAS dftet Re e mambmyef
Cbsodea R, LIROgARLO0EoSLog TR 10025 2t Famihd i
s o BohaleBloR LALE BLcblBiREe Sy Brbonaechen 2
eSSk Lot et SpULE008 93180} BFTERAOLLRPAD 1o
| ngecips oerssl Nguibbhodragrehat MBdsi hnehl WS ding is

wherein producing the third i mage data 1 ncludes

adjaistonged oatethéri peieaspapBrbhenthiundnpuabelQfcoated
print paper and a projector sheet, the coated print
paper being applied with a recording agent receiving
treatment including a coating treatment on a surface
onto'which a recording agent including ink and a toner
is adhered. |

8. A recording medium storing a program for

causing a computer to perform an image processing method
for producing recording data from first image data
corresponding to each pixel with a first number of
gradations so as to supply the recording data to a
recording apparatus, which expresses each pixel with a
number of gradations smaller than the first number of

gradations, the image processing method comprising:

producing second image data by converting said



gradations so that the rate of increase in the third
nunber of gradation when recording is perforned on a

woaets@d7qri nt paper is larger than the rate of PCHOPBase18100
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in the third nunber of gradations when recording is 10
performed on other print papeyis including a non-coated
print paper and a projector sheet, the coated print

paper being applied with a recordi ng agent receiving

t rebrsbnimegel ddicagiatooat icodotr eptnentthat assufacRitput
onto which a recording agent including ink and a toner
15PY ssadferedording ppperditng . medicumestond rgaayeprdagraam
for causing a' conputer to perform an inage processing
MR MGHRIf Br SpFeRdcnHEbrECcOfdPHgIadtarEiom first i mage
data 20 corresgondLn to ,each pixel with a first

nunber of gPadgEFIRY $81zd daggpsiara hesest editiye second
data to a _recording _apparatus, which expresses each

o SO OF (T oS RURBAP™O Ddr At FERSTCAFEE Ok o Ehat

fi re g tipons e_i.mge. processin . )
né?ﬁ%dg%ggﬁr%ﬁ%%a:&gggpb% u%i%§l§8c8%8bfﬁa§§ @5?§ﬁ$}°ns'
coqyerting said WO 2005/ 057911 PCT/ JP2004/ 018100 -51

first imge data into a color space that can be out put

by sai d recopdi aLat 4s i f-a, .
y hebBdc2RBALALH reEg§d§%%0%%tag%%$ﬁg%}iﬁp a

havi ng a second nunber of gradations; pro .
| meger tat@ Paseds ontbhenseenndd Smayaber+af gradations

of the second i mage data so that
wherein producing the third image data
includes adjusting the third number of gradations of the
third image data to be equal to or larger than the
second number of gradations of the second image data in

accordance with a number of colors for each pixel used

in the second image data.

9. The recording medium as claimed in claim 8,
wherein, when the second image data is produced using.
only a primary color that is one of cyan, magenta,
yellow and black, when the second image data is produced
using a secondary color that is a mixture of only two of
the cyan, the magenta, the yellow and the black, and
when the second image data is produced using a tertiary

color that is a mixture of three of the cyan, the

magenta, the yellow and the black, producing the third



the third image data has a third nunber of gradations;
and produci ng said recording data by applying a

waabdstosrea1 process to the third i mage data, 10 RO@ORI004/018100
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producing the third i mage data includes adjusting the
third nunber of gradations ofsthe third inage data to
be equal to or larger than the second nunber of
gradations of the second i mage data in accordance

wi tihagendaber intladker adfjors tdagh thiex eh itsehumkied i he
second i mage data. 9. The recordi ng nedi um as cl ai ned

i ngcdddhi8ns whekbienthilren itreges dedad siomage watsmtisfy a
produced using. only a primary color that is one of
cyedlarhgerhap 28 pulmbew edd drladeikionser it Hédes goomthry

i mage data is produced using a secondary col or that

i SCRLPF xBurde TeFksH 0§ viradations anthe heeaegdatry, color =
t he Xe||OMIa d the black, and when the second inmage

dat d ?%bﬁroagcaaaﬁgFﬁ@né Pér tihgr FeTEdPEY ORdCE s a

m xture of three of the cyan, the 25 mamgenta, the
yell ow and the bl ack, producing the third WO

2005/ 057911 ?ST/J?%QO%@Q%&%%%g,h% &%gfo% q:t%ﬁ%%fbﬁgﬁglaim

adj usting the thi nunber gra ns

iWﬁgewﬁéiéiﬁowﬁéntEhéapkghﬁr§ cb g?tﬁgnﬁgk%lfilﬁﬁgugécond

of gradations of the primary~ co <_ a nunber
oraftedé oastf bhessecapdany ¢olen 2madgRuUdkeh oes not
gradations of the tertiary color".
increase the third number of gradations so that the
second number of gradations of the second image data is

equal to the third number of gradations of the third

image data.

11. The recording medium as claimed in claim
8, wherein, when colors used in the second image data
are in a one-color phase system having different
brightness, when the colors used in the second image
data are in a two-color phase system, and when the
colors used in the second image data are in a three-
color phase system, producing the third image data
includes adjusting the third number of gradations of the
third image data by increasing the third number of

gradations s6 as to satisfy a relationship “a number of

gradations of a color. in the one-color phase system = a



10. The recording nediumas clainmed in claim 9,
wherein when the primary color is used in the second
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increase the third nunber of gradations so that the
second nunber of gradations -sf3-t he second i mage dat a
is equal to the third nunber of gradations of the
third inmage data. 15 11. The recordi ng medi um as
clraindeslr | o1f cgaadutB8pnvhefeancobheninolaes tueveddlnrdt hhase
second i mage data are in a one-color phase system
haeyi sigendi £f er emmbear icghtoresta tiwhen dfhe cod bos isedhén
the second inmage data are in a two-col or phase
SYSRER ~emEohehasRes2eteBl'ors used in the second
image data are in a three- color phase system
producing the third image data includes adjusting the

third nunber_of gradations of the third i mage data by
i ncreasi ng tﬁg Fﬁa hGABEAGE m&ﬁ&&ﬁk@§n§ med tig claim

o AR, BT S B ot
‘QéggégeFggéﬁpﬁgoéﬁglgéggnd §%a gnggaaOfprodﬂglng the

ations of a co two-co or phase

amﬁr@f—rlﬂggr@gegl 888s0hoa ¢ALPEALR gh% +hhh %en%lb r of

phase systent. . The recordi ng nmedium as cl al ne

| iy @ odd, sMheastntm@eaebbﬁdCQh%grl B £t B9 20RO £
phase systemare used in the second i mage data,
priaticddigprideimage data is equal to the third number of

gradations of the third image data.

13. The recording medium as claimed in claim
8, wherein producing the third image data includes
adjusting a rate of increase in the third number of

gradations in accordance with kinds of recording media

on which the third image data is recorded.

14. The recording medium as claimed in claim
13, wherein producing the third image data includes
adjusting a rate of increase in the third number of
gradations so that the rate of increase in the third
number of gradation when recording is performed on a
coated print paper is larger than the rate of increase

in the third number of gradations when recording is



third i mage data does not increase the third nunber of
gradations so that the second nunber of gradations of

waQodshvs7aecond i nage data is equal to the third@Cnurines018100
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of gradations of the third image data. 13. The

recordi ng nmedi um as clai med rh4elaim 8, wherein
producing the third i nage data includes 15 adjusting a
rate of increase in the third nunber of gradations in
acverdanoedrvarh Kilnels pfinecorpkny iediadiog ahhoh-theted
third image data is recorded. 14. The recording nmedi um
asPERAitmPdHeT dnd m Roolsctawhesledat prbdactogteieprint
third i mage data includes adjusting a rate of
in8?€§§e3%+99u?ﬁﬂﬁ%Qﬂrwm%%rao¥90@¥%ﬂ%@i@ﬁgnéorﬁﬁQiVing
the rate of i.ncrease in the third nunber of gradation

wh &R ST AP TP PRT ot P 'oP % EERAERE pr PRt 2 papeface
is larger .,than the rate of increase 25.in the third

nuit %P g%ﬁﬁ%mﬁﬂﬁ?ﬁ%?%&ﬁgl?%ﬁﬁﬁcﬁ?ﬁﬁ?glVQ)%@55?@@7@1&°ner
PCI/Jg%%g&@QﬂSlOO -54 perfornmed on other print papers

i ncluding-a non-coated print paper and a projector

sheet, the coated print paper being applied with a
recordi ng agent receiving treatnent including a

coating treatyent Q0 fns4 f 868 DL oNL GpubLEhsar duci
recordi ng agent includiﬁ%éink andga ?%ner ?s.géhgfgdPClng

15reAdrdmage daafari Mg rapPiafat Usnd 9k @i 08USbABesponding to
recording data fromfirst inmage data corresponding to
each pixel with a first number of gradations so as to
supply the recording data to a recording part, which
expresses each pixel with a number of gradations smaller
than the first number of gradations, the image forming
apparatus comprising:
control means for producing secbnd image data
by converting said first image data into a color space
that can be output by said recording apparatus, the
second image data having a second number of gradatioﬁs;
producing third image data based on the second
number of gradations of the second image data so that
the third image data has a third number of gradations;
and
producing said recording data by applying a
halftone process to the third image data,

wherein said control means adjusts the third



10 each pixel with a first nunber of gradations so as
to supply the recording data to a recording part,
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gradations smaller than the first nunber of

gradations, the image form ngs_apparatus conprising:
15 control neans for produci ng second i nage data by
converting said first inmage data into a col or space

t haimisan be gubpHt ibyssaird thecahdivag iaRRRY aldts e equal
second i mage data having a second nunber of

griaslad+ obargprodhannghkehisied onapgenbatra dfasgth dartitdress of the
second 20 nunber of gradations of the second inage
datecendt hmtget Hethhiind aicemgeladata widd & thimcbmunberolors
of gradations; and producing said recording data by

app?yi egch phakLt vaedpiocéde tsecomd timiaad idedge dat a,

25 wherein said control means adjusts the third WO

2005/ 057911 PCT/ JP2004/ 018100 -55 nunber of

gradations of the third |nag§)data to be equal tao
larger than tRe s&&6nd™AFPoC TG SPRATGH %ﬁailﬁQalmed in
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produced using a secondary color that is a mixture of
only two of the cyan, the magenta, the yellow and the
black, and when the second image data is produced using
a tertiary color that is a mixture of three of the cyan,
the magenta, the yellow and the black, said control
means adjusts the third number of gradatiéns of the
third image data so as to satisfy a relationship “a
number of gradations of the primary color = a number of

gradations of the secondary color = a number of

gradations of the tertiary colorxr”

17. The image forming apparatus as claimed in
claim 16, wherein when the primary color is used in the
second image data, said control means does not increase
the third number of gradations so that the second number

of gradations of the .second image data is equal to the



magent a, yellow and bl ack, when the second i nage data
is'" 10 produced using a secondary color that is a

woizadsis®iof  only two of the cyan, the magent aPCTAR2004/018100
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yel low and the - bl ack, and when the second inage data

is produced using a tertiarysgolor that is a m xture

of three of the cyan, the magenta, the yell ow and the

bl ack, said control 15 neans adjusts the third nunber

of tigt adahunberob it e aduhiitths rEQe At sl aSndfe data.
satisfy a relationship "a nunber of gradations of the
primary color <_a nunber of gradations of the

secondary col or < a nunber of gradations of the

tertiary col é8".. ZBGelZmafife fomgad cromanpapparat ebabsed in
clainmed in claim16, wherein when the primry col or

i SCiREH 1At HBersddondhienGe lddisa used diredite ot eerithsimage
does not ingcrease the third nunber of gradations so

t AT h@T8ecBnd ROGRDEP 1S BRageadats s T iie. Seklient

dat i I t he WD 2005/ 057911 )
SESEaPE1T06° 158 CATEE Shaiss 0t WradasEd iage

thefhiLdeiqmog datac 18, Hhe Jimge Jormag, appal atus

e
as clalnea in ereiln, en 'COE} ors US%d I

t r@of’@fﬁngsggﬁglﬁf F%edg%%oirde J.'n{}i S%%ag%ﬁ ig'bazf‘ethree—

syst em havi ng erent Dbrightness, e colors
UseshéP Hhes8ee9adehTBeE i d/URA AR nbathd WA the third

phase system and when the colors used in the second

| @At arageatiftaohBr @& the third image data by
increasing the third number of gradations so as to
satisfy a relationship “a number of gradations of a
color in the one-color phase system = a number of
gradations of a color in the two—-color phase system = a
number of gradations of a color in the thfee—color phase

1

system”.

19. The image forming apparatus as claimed in
claim 18, wherein when the colors in the one-color phase
system are used in the second image data, said control
means does not increase the third number of gradations
so that the second number of gradations of the second
image data is equal to the third number of gradations of

the third image data.



col or phase system said control nmeans adjusts the
third 10 nunber of gradations of the third i nage data
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satisfy a relationship "a nunber of gradations of a

color in’'the one-col or phasesggystem < a nunber of
gradations of a color in the two-color phase system <

"a 15 nunber of gradations of a color in the
three-col or phasernsyshegt. £&9mifle appagather @Wsn@laimed in
apparatus as clainmed in claim18, wherein when the

c@ierisn i 16  heh@nei ot ot dpbasero20meystenddne tysed rate of
the second i mage data, said control means does not

i dgreazses ¢ hien tth e dtinunienunbegr adapireds tisost hat aclrerdance
second nunber of gradations of the second inage data

| sridqualinds the receudhnabepddp gradlfrbnshef thigg image
third i mage data. 25 WD 2005/057911 PCT/ JP2004/ 018100

- SRR isThee¢odedf orni ng apparatus as clainmed in

clai m 15, wherein said control nmeans adjusts a rate of
increase in the third nunber of gradations in

d ds_of di wh
Thi T | mage 3" dat AFs P8EG AEAT-28 PRE Piude FormAig S 7

ap arr%%ﬁ)aawﬁéééfgdséﬂd S%QEgkgomeQﬁgrghguéﬁ'd rate of

means adjusts a ra I NCrease the third

n%@%¥e§gegﬁ§d@ﬁéogﬁl§8 EHﬁEeEh%f gradations so that the

rate of increase in the third number of gradation when
recording is performed on a coated print paper is larger
than the rate of increase in the third number of
gradations when recording is performed on other print
papers including a non-coated print paper and a
projector sheet, the coated Rrint paper béing applied
with a recording agent receiving treatment including a
coating treatment on a surface onto which a recording

agent including ink and a toner is adhered.

22. The image forming apparatus as claimed in
claim 15, wherein said control means performs a zooming

process and a halftone process.

23. An image forming system comprising:

an image processing apparatus that produces
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10 rate of increase in the third nunber of gradation

when recording is performed on a coated print paper
02005571 than the rate of increase in the tRCTAP2004/018100
nunber of gradations when recording is perfornmed on

ot her print papers includingsg-non-coated print paper

and a 15 projector sheet, the coated print paper being
applied wth a recording agent receiving treatnent

i nckeditdg n@ dedat i fugort r At srentmage adstaf aseresponvhingh to

a recording agent including ink and a toner is
adrecédpriz@l2xitihes | oget foumbey apparatiasiassckai aedto
in claim15, wherein said control neans performs a
ZOBHPRGY phscesasanting data obe Pproeessding. panti magéch
form ng system conprising; 25 an inmage grocessing
apﬁ§P5g§§th§Ffﬁ¥dﬂﬁﬁ%% WWO-Ropsp ey 10 gradations smaller
PCT&JPZ 4/ Q18100 -58 recording data fromfirst inmage

dat %80 gs%éﬁﬁ JFHHeeah PrEEFWERH/ a first number

of gradations _so as to. supply the recording data to a
recor di ng- part. Wi eh f%&%fﬁ%s%%p%ﬁ%ﬁuﬁigéﬁgmp?ﬁ%ﬁrms a

nu ; r f I i rst, punber .
o “ar iy B e e B R Ot [ Rt P P ording

perheEMBudp12QRIMHIRY scgﬁefﬁa@@dpl‘ao%éilqg:ag}égfg’éﬁst 9 as

the recording data supplied by said iIna ocessi ng

appar pkbguse an idY Ahices MoAdBYe €O £RsPPRdbPEihg data;
the recording data;' 10 and
and

control means for producing second image data
by converting said first image data into a color space
that can be output by said recording apparatus, the
second image data having a second number of gradations:
producing third image data bésed on the sécond number of
gradations of the second image data so that the third
image data has a third number of gradations; and
producing said recording data by applying a halftone
process to the third image data,

wherein said control‘means adjusts the third
number of gradations of the third image data to be equal
to or larger than the second number of gradations of the
second image data in accordance with a number of colors

for each pixel used in the second image data.



control neans for produci ng second i mage data by
converting said first image data into a col or space

woheis/0szm1 be out put by said recordi ng appar at uBCTAPE04/018100
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second i mage data having a second nunber of

gradations'; 15 producing tl§gd i mage data based on

the second nunber of gradations of the second inmage

data so that the third inmage data has a third nunber

of gradationgs.anthepratidel Torsairdy raaoofeh Ngs datfidyd in
applying a halftone process to the third imge data,

20 dian e2 B, sahdrednt r ghemedhs adjossids infeeyd hiath is

nunber of gradations of the third inmage data to be
equabduced ovs Laggenrlyhan pri@agyc @ed aurisrt ofs one of cyan,
gradations of the second inmge data in accordance

windo R runbee Ll 6PWeaner Blarsy @aem pibeelsamadl  Hnadr data is
second i mage data. 25 WD 2005/057911 PCT/JP2004/018100

- Froacaels hBgedf BRAPRGASYs CoMCEs tad et & ikt wignot

23, wherein en the second i ma data i s roduce

e o " R FYSper SR ReB e ana st YT 4 ene
ent.a, | ow_and. bl ack, en _the cond i data .

TR AR gnd SRRyl Bt iR Ring

mxtyre. of ., 0 113€ 2C Y3128

yearl ow andthg%)XB{r\ggE?fta%g \%hen tt#egéseo?gn. |%ﬁg%§§:aqea cyan.
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of three of the cyan, the nmgenta, the yellow and the

blnggdkn s S@d§u 08t €AE third number of gradations of the
third image data so as to satisfy a relationship “a
number of gradations of the primary color £ a number of

gradations of the secondary color = a number of

gradations of the tertiary color”.

25. The image forming system as claimed in
claim 24, wherein when the primary color is used in the
second image data, said control means does not increase
the third number of gradations so that the second number
of gradations of the second image data is equél to the

third number of gradations of the third image data.

26. The image forming system as claimed in
claim 23, wherein, when colors used in the second image

data are in a one—color phase system having different



10 nmeans adjusts the third nunber of gradations of the
third image data so as to satisfy a relationship "a
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of gradations of the secondary color < a nunber of
gradations of the tertiary cdgr”. 15 25. The i nmage
formng systemas clainmed in claim 24, wherein when

the primary color is used in the second inmge data,
sabh glonhe ok , N"RABS dhes chlbrsnareasdn te tdddachduithese
of gradations so that the second nunber 20 of

greatiad i @ans bh dhéwsecondri phges «datyes tiesn eqGual wheertt hehe
third nunber of gradations of the third i nage data.
26z0dves i wage for hagssyondmiangs dated due clmian2g;ee-
wherein, when colors used in the second image 25 data
areCtor aPlppee col s ePhase 16y SORARAY MRRnd fFEreis Wihe third
2005/ 057911 PCT/ JP2004/ 018100 -60 bri ghtness, when

t Herpeeor of ugeadphiPRE Sécdh@ itege ‘dnae &g Py

t wo- col or.ghﬁg s%gteg] and whe thed al ors used in

t he" SeTdR? 58 t&%alé T a YhrEEIT0IGS pitads® t°
SYsLEepald onti gl fieans Adusls, (e HIdA S unber,

of " grad rd’i mage a I'ncreasi ng -
th ' f | '
T e e e i
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of"a color In the two-col or phase system<
number of gradations of a color in the three-color phase

system”.

27. The image forming system as claimed in
claim 26, wherein when the colors in the one-color phase
system are used in the second image data,.said control
means does not increase the third number of gradations
so that the second number of gradations of the second
image data is equal to the third number of gradations of

the third image data.

28. The image forming system as claimed in
claim 23, wherein said control means adjusts a rate of
increase in the third number of gradations in accordance
with kinds of recording media on which the third image

data is recorded.
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10 nunber of gradations of a color in the three-col or
phase systent. 27. The inmage form ng system as

wolaisrmeiin ¢l ai m 26, wherei n when t he col or spPCH/JP1064/018100

one-col or phase 15 systemare used in the second

i mage data, said control neamgg-does not increase the
third nunber of gradations so that the second nunber

of gradations of the second imge data is equal to
the third nunber vhegiadgti 6osmabhg theteh B¢ idmBgeed in
data. 20 28. The inmage formng systemas clainmed in
Clediain? 2,8 wheéreieisasdidonbnokoiremasnadpdiusta ratetef of
increase in the third nunber of gradations in

adooytatse imithe kilndsd ohurnkesr dEngradditacos we dhathehe
third inmage 25 data is recorded. WO 2005/057911
PCHFPZO0ADsaDee 181the. trhedi Rraglerorhi Agaspdion jden
clainmed in claim28, wherein said control neans
adier s iRg at RFTLPHEFRa8R FnCPR&SEhPrd  UREESTo fls 1arger

g&%%%i' E b ié‘\ﬁaﬁéé‘te?éﬁérb.”ﬁé 18 BirBARd on a
Coate IHE &ﬁ%ﬁh % %ggr ngfgggfda%% % her print

[ crease int i ons mh

r r n

SR04 L PR EESEL o900 3o
SEﬁ%ﬁeéﬂB%‘%K@é@,pththQESH peing appkire®eing applied
with a recording agent recelving treatment including a

coating treatment on a surface onto which a recording

agent including ink and a toner is adhered.

30. A program for causing a computer to
perform an image processing method for préducing
recording data from first image data corresponding to
each pixel with a first number of gradations so as to
supply the recording data to a recording apparatus,
which expresses each pixel with a number of gradations
smaller fhan the first number of gradations, the image
processing method comprising:

producing second image data by converting said
first image data into a color space that can be output

by said recording apparatus, the second image data

having a second number of gradations;

=



10 with a recordi ng agent receiving treatnent
including a coating treatnment on a surface onto which

wa 20087di ng agent including ink and a toner PET/JP2004/018100
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adhered. 30. A program for causing a conputer to 15
perform an i mage processi ng rgethod for producing
recording data fromfirst inmage data corresponding to
each pixel with a first nunber of gradations so as to

supply the reeetgdicigigdaiia AD iandBE ALt NJo /PHAr Gk UShe second
whi ch expresses each pixel with a nunber of gradations
20nsmiakteoft baadbhe ohisr otf riinbere afndyriatkade ahsta the that
i mage processing nethod conprising: producing second

i nelge daiadbymegrvdettiandgasaiad tHiird mumege dat@raddoiens;
col or space that can be output by said recording
appadat us, the second i mage data 25 having a second
nunber of gradations; WO 2005/057911 PCT/JP2004/018100
-62 produci n§rPRUEE Niodge Hater VekiatP dif thd s eripmbying a
nunb of gradations of the second i nage data so that
tﬁ%afﬁF?Heiﬁﬁaﬁeaﬁt On&de TG ARSerddte gr adat i ons;

d>5 duci id di ta b | yi
ol t tone. pr o B8z 26" RS i i P ngled e
; the thicd. | . st h
P ER00s A8 p 0kl g, TS R ity PRI Mr one
berearal 149507 ah3LIeL HRARENE to or larger than the '

second number of gradations of the second image data in
accordance with a number of colors for each pixel used

in the second image data.

31. The program as claimed in claim 30,
wherein, when the second image data is préduced using
only a primary color that is one of cyan, magenta,
yellow and black, when the second image data is produced
using a secondary color that is a mixture of only two of
the cyan, the magenta, the yellow and the black, and
when the second image data is produced using a tertiary
color that is a mixture of three of the cyan, the
magenta, the yellow and the black, producing the third
image data includes adjusting the third number of
gradations of the third image data so as to satisfy a

relationship “a number of gradations of the primary



10 second nunber of gradations of the second inmage
data in accordance with a nunmber of colors for each

woiaesloswaed in the second i mage data. 31. ThePOTOB20a#018100
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as clainmed in claim30, 15 wherein, when the second

i mage data is produced using_genly a primary col or
that is one of cyan, magenta, vyellow and bl ack, when
the second image data is produced wusing a secondary

cokelotth& & SnamPext gregetcarliyntwe fofthd he Btahrd M 1or =
magenta, the yellow and the bl ack, and 20 when the
seaondmbrage fdatraadest produce dtiusi tgraiseyt calyr”col or

that is a mxture of three of the cyan, the nmgenta,

the yell ow and the bl ack, producing the third inmage

data includes adjusting the third nunber of

gradati ons of34-he The rerognge Aatalsomad o saeisf pla

25 rel ationship "a nunber of gradations of the primary
WO'bBB5L05 TEEE PR Y0ty 0183b0r 1B3ugefoin- thegsecond
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image data.

33. The program as claimed in claim 30,
wherein, when colors used in the second image data are
in a one-color phase system having different brightness,
when the colors used in the gecond image aata are in a
two—-color phase system, and when the colors used in the
second image data are in a three-color phase system,
producing the third image data includes adjusting the
third number of gradations of the third image data by
increasing the third number of.gradations so as to
satisfy a relationship “a number of gradations of a
color in the one-color phase system = a number of
gradations of a color in the two-color phase system = a

number of gradations of a color in the three-color phase

system”.



33. The programas clained in claim30, wherein, when
colors used in the second inmage data are in a

wonessmstar phase system having di fferent bri ghPaeaB004/618100
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when the colors.used in the second i mage data are in a
two-col or’ phase system and vhen the colors used in
the second image data are in a three-col or phase
system producing the third i nage data incl udes

adj usting thegs thirhd PeEReandfagradatins: Ofc1dgn t4d rd

i mage data by 20 increasing the third nunber of

grixtat é DR Swisénaghk0codatrissfiyy aheelcatd-ansitip pPres Juinestenm
of gradations of a color in the one-col or phase
systenmsed hunmbke ekcogdadabigensiadfa ,a ppuldarciimy tiiee third
two-col or phase system < a nunber of gradations of a
colmagé ndeéhe dheeenctl éncpisase & sysitwhinunW@r of

2005/ 057911 PCT/JP2004/ 018100 -64 34. The program as

clafamatieong| apntBat thkersicenshenmmidse o i datidis of
one-col or phase system are used in the second i mage
daie PPOMEi HGePReBhrr 45 OWGe dat dhfoed number of

d&t
increase, the third n er. of 5 gradations so that the
s rbar e ftg?aggBF55§JTﬁgetﬁE}QSecond i mage data
is equal to the third nunmber of gradations of the
third i mage data. 35. The programas clained in claim

30, 10 whergbn praduglg.he LNI oL 1Hmee falfesm 30,

includes adjusting a'rat’e of increase 1n the third

nuher e of producing the third image data includes
adjusting a rate of increase in the third number of

gradations in accordance with kinds of recording media

on which the third image data is recorded.

36. The program as claimed in élaim 35,
wherein producing the third image data includes
adjusting a rate of increase in the third number of
gradations so that the rate of increase in the third
number of gradation when recording is performed on a
coated print paper is larger than the rate of increase
in the third number of gradations when recording is
performed on other print papers including a non-coated
print paper and a projector sheet, the coated print
paper being applied with a recording agent receiving

treatment including a.coating treatment on a surface



gradations in accordance with kinds of recording nedia

on which the third imge data is recorded. 15 36. The
wonroegriamias clainmed in claim35, wherein prodecTaponireis100

third i mage data includes adjusting a rate of

increase in the third nunber _g§_ gradations so that

the rate of increase in the third nunber of gradation

when recording is perfornmed on a 20 coated print paper

| sohgbgehitcdhar thedrdendfaddet eas€ludmghenkhihd 2 toner

nunber of gradations when recording is perfornmed on

ot her aphiemtedpaper s i ncl uding a non-coated print paper

and a projector sheet, the coated print paper being

applied with a recordi ng agent receiving 25 treatnent

including a.coating treatnent on a surface WO

2005/ 057911 PCT/ JP2004/ 018100 -65 onto which a

recordi ng agent including ink and a toner is adhered.



