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-1- DESCRI PTI ON | MAGE PROCESSI NG METHOD AND APPARATUS
| MAGE FORM NG APPARATUS AND SYSTEM PROGRAM AND
RECORDI NG 5 MEDI UM TECHNI CAL FI ELD The present
invention generally relates to inage data processing
techni ques and, nore particuiarly, 10 to inmage
processi ng nmet hod and apparatus suitable for inmge
form ng apparatuses and systenms which apply a

hal ft one process to i mag@EdRLPTBACGKGROUND ART 15 As a
recordi ng apparatus, which prints an inmage processed
by a conputer in nulticolor and nmulti- tone
(gradation), there is known an inkjet printer

(her ei naf t erIMAGHE cPRECETDINHE MATHODpANAt BPYARATER, IMAGE
records (fornms) an image (also referred to as a dot 20
| FORMINGN 2P BAFFSIUR AN PapesTEN, aP RRERAMi AYD nBEFURPBNG
injecting ink droplets fromnozzles provided to a

r 801 diMhg head onto the recording paper. Means for
generating energy to inject ink droplets in the |J
printer is generally classified into two net hods, one
25 being_ .a so-called bubble jet (Registered Trademnar k)
- LB igﬁginafter, referred to-as a BJ method)
and the OthﬁﬁebgfggegtSghgghkggnpggﬁgrg§&90%elates to

(hereinafter;

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 into two methods, one

being a so-called bubble jet (Registered Trademark)
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referred to as a PZT type). The BJ nethod propels

droplets of ink by 5 rapidly heating the ink filled in

a pressurizing liquid chanber by utilizing a volune
change by filmboiling. The PZT method propels

droplets of ink by a pressurg due to a volune change
generated by deform ng a di aphragm constituting a

part of a pressurizing liquid chanber by 10
gimg_rehq%ﬁefr%@reqfna%%ﬁzq%ﬂfé&_@ e s AROEHLAY! ¥nd the

hough the pressurization of ink is different
bekweenbetihgy B J8etd0d g idves Rt et hode réhgs et e s, NO
difference 7in the recording process to forma dot
| Fage rNed Ajcecld g BAK wWhopl ets. 15 In the neanti ne,
in order to output inage data generated by a conputer
or acquired TheorB Amatiage pigaekls appapaets sfichnisba
digital canera or a scanner fromthe |J printer
varpdudy preedeEsseshurisinlbef apltd ethtd phessunbdgéndalaguid
Generally, a process flow of inmage 20 processing is
s ghlambe s o il iRiGg 12 Wiame ¢hange | bvichatn bpiding.
process of converting input inmage data into data,
wifiheh F&dn mstitne PHsP %e@mw}%@s apbatakuRy EnPFpEsure due

nver si on r -2 -

CWMM conver si o processes 2%§9gg¥2€ﬁfonvert a éolo

Syt EmCRGB)S FhRIT (AR sk SRTI29] Apfitagaragn
e S 2 o g%, S Y T Rl vy

Pt J_Cs% Saesem%sntanodf Pa? 5’1‘3 4 gﬁ[&c&:ﬂ:a&fement. Accordingly,
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 ocutput image data
generated by a computer or acquired 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 iﬁége
‘processing is such as shown in FIG. 1.

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

image data P1l, which is input as first image data, into



(K) conponent fromthe CMy data so as to generate

second imge data. y-correction processes P3 and P7

adj ust the 5 output bal ance of each col or conponent
separated from the CW data. Zoom ng processes P4 and

P8 enlarge or reduce the irmge data so as to match

the image data to an output resolution of the IJ

printer. Halftone processes P4 and P8 conpare each
pexebibh tRetenl qromd bF iammgaitdain apgdracddrastiol s an
matrix so as to convert the inmge data into dot

paut efrindatra. AG/QOROrqueacaess FE and W pudspdtwteod black
i mage data as third i mage data. Usually, inage data

SeH) toomomepdr Sowal theorpilt etatRC dmsaantanpemerate second
information with 8 bits for 15 each color RG per one

 pimebe Sadl.anyaooumtcofionnpaorssisers éfakires P7 adjust the
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expression of 256 gradations fromO to 255 for each
colsputopmadrane Howamdy callar XBERERRRE | DPR2EARABt Them
used in practice. Since out put characterl Sé/l c of each

céber OMY @&ﬁ?onerﬁoow RROCETRYR ePRbHF @9 O
ST R oo

oo DA of S50 4% L (1 5e0E0LRg

t
p;%@ozcsess%; S -
L& t qﬁ?ﬁ¥t§”ﬁﬁ§é§ﬁol&hﬁatflﬁoﬁéegg'98 BBAvert the

caus gradations nenti oned
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 amount of
information enables expression of 256 gradations from O
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), yellow (Y) and black
(K) is dependent on coloring materials used in ink, an
injection characteristic of ink droplets and
characteristics of recording medium (recording papers),
ideal output characteristics cannot be always acquired.

Although the Y-correction processes P3 and P7 are
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bel ow. FIGS. 2A through 2F are graphs for expl aining

5 a |l ack of gradations due to a ganma-correction and
avoi dance of such a | ack by an expansion of a
gradation level. In FIGS. 2A through 2F, a horizontal
axis represents an input tope (input gradation) and a
vertical axis represents an output tone (output 10
gradation). FIG 2D is an enlarged view of a part

I aginqdled Ry a3 Gd dridbiFl€he 28ut b cRErb6t@Bistics, the
enl arged view of a part indicated by a circle in FIG

2k-coFkect28nshays causkate 16 & NYEAIAEEH D MmdiScioned
applied and an I nput and an out put correspond to each
otledrowon one 15 to-one basis. On the other hand, since

a nonlinear correction as shown in FIG 2B is usually
applied, a FHtk A2 grageedlonsFagrehovarha FpG explaining
which is a partial enlarged view of FIG 2C, nmay

oGc ol oy gurela e F4onto 28 JANBRUEPTEBCEHPReasdch

a probl em of |acking in radati ons, Japanese )
LEVP GG Paleudpst i L3tk drg . X2oBII28308 angrRgation

200205030, uggestzp ocese be 1g et oLgEg atier

S A0A T S0 B BLLS, 27 MBLER SR

2ORROBISA, P M 2004 4408, SU00cE101 PRS0

t@%adation). FIG. 2D is an enlarged view of a part
indicéted by a circle in FIG. 2C. FIG. 2F i1s 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 hand, 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 such 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.
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CW correction. This treatnment is to reflect a part,

~which is elimnated as a value |l ess than a decinmal in

8 5 bit data, as a gradation level. FIGS. 2C and 2D

show the lack of gradations, and FIG 2E and 2F show

an aspect in which the part_gof |acking gradations

(shown in FIGS. 2C and 2D) is .not elimnated and is
reflected in the corrected data by the 10 expansi on of
a200ubean 8ok 40adatican 0 0fis, 4938 | sugpsst bhe éepansidn of
an occurrence of [|acking gradations due to a

ganmamber’ edt igaradat iqrey fwiirth ne spe e pansianaobfaer the
gradation |l evel as nentioned above. However, it is

N&Mr @lo riveatt imm .15 Txipansiertmdnta g atat refléetved part,
causes an increase in an anmount of information. If an
ambdish dfs iedfigrimattiash a® a Heldie 18S9 neh@dseddeqimal in 8-
capacity of a buffer for operation nust be increased.
Théite dadyp /beé sa ac SF@dRer@ k¥bansi on of -a gradation

| evel causes not only a 20 decrease in a prQcessin

gpeedldue t FHP 1 il alt® FR oV ahbaint 26K agegaﬁﬁégionsr

t t d [ '

b lﬁ%gﬁ%ﬁ&%f@i&ﬁf FHree oS VBIRE bl "grre of
d. head, unj b .

Pﬂgcécgigd%gan&aecztogl{]s g S J_r%m%fo(t;%?ggﬁi éﬁd ED?)I 5 not

. as acqu! re . g -res on
SO AR PETS 0 g ppeictignn CopeciokLucein 2.8L oy

phatal{dhagraphy 1 GRbul 0Ue. 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 azbove. 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
coperation 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 nozzlés
mounted on one head unit tends to be increased so as to

acquire both a high-resolution and a high-speed



el

10

15

20

25

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 avoid, by increasing the nunber of nozzles, a
problemin that a recording width per a unit nunber

of nozzles is decreased dug,to a decrease in a nozzle
pitch to acquire a high-resolution, an anount of
information to be sent to a head at once is increased
bypara@ieunt ¥ eerasIRANAiNG tHILe pr Mrbert it nogzégsable
increased. Further, since it is necessary to increase
aofr 8eahyt ia@plield erilth ian phoedi-istaontaigh i t €chh bifue, a
which is a direction of adding nozzles, but also in a
makad Sedimigngodia ataroR0 aomimmthad batene egopubalr.
for one 15 scan of a head is increased as a square

t Bighooht Beachnwrheémmfeasz ziress runbkssoef arpoplekst hs to
an increase in an anount of operation in an inmage
peyOESs| Iy dppareainig dde torsied ek axeezles, a problem in
resolution, a tine |ag may be generated between a )
schrtt i%rr%:%d@%é@dﬂ&h&eaf t3 b DORIFPPEL NBARZLES 1S

transfer of data to a_head unit. In sucﬂ a,case, the
ofECAEEGR DA thd hea Fafigais Bt s ?iPltiachEgsﬁF9Ulre
data .is received, which results

eter%orat%oni

off S FERHE T T odlb TIOTHe Hunbat bt Los, FsPengent
Lo B 38T Hod MEHALed %F 85nghalneb) oot of

corresponding the a number of nozzles increased.
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 reguired 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. In 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.
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i nvention to provide an inproved and useful image
processi ng techni que in which the above-nentioned 5
problens are elimnated. A nore specific object of the
present invention is to provide an inmge processing
met hod and apparatus whi ch.o,can reduce a decrease in
processing speed while inproving reproducibility of
gradations by 10 an expansi on of a nunber of
ohpgetbenRE bR ondenTtonachi eve the above-nenti oned
objects, there 1s provided according to one aspect of
t he present Iitnyenki @@namalmade gutoeesS sihey pretdvot f or
produci ng recording data fromfirst inmage data 15
conveapandi hg prosddk pinxémpwicvieda anid stsefunibeimazfe
gradations so as to supply the recording data to a

r procdeagngppacandguewiine whéobr ddwe ahamermsEnéiongd h a
nunber of gradations smaller than the first nunber of
gradhienas arehelimdgetetocessi ng net hod conprising: 20
produci ng second i nage data by, converting the first

i age data Pnf@TE SHSGIEFatPIgRt %%nt}b% RERTRE by

the recordi,ng apparat,us, the second inage data qﬁéing 4
aingeasAgndfode %FO@’ @ornad: RIRTHY tH rEHhege™”
dat based h nb f [
SGEBAISEEY HOgETHAEE SOUHA 1 HECHTIE | Ahdo Jares hag

third -6- f ' ; j
Fabara s 4 ey A T LS T P % e
tghr%£ﬁ§%¥iéﬁﬂéf 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 esach 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
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
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wherein producing the third i mage data incl udes
adjusting the third nunber of gradations of the third

5 inmage data to be equal to or larger than the second
nunber of gradations of the second inmage data in
accordance with a nunber of_golors for each pixel used
in the second i nage data. Specifically, the present

i nvention suppresses 10 an unnecessary increase in _
OhaedleroRT Ry aadjtisiiang #nhd IEveluoing diadadtonding data
expansi on in accordance wth a nunber of colors used

f oy eaeil yiinela ihalifitpute ipmyee skataeo Sloe ashivdr édage data,
anmount of information to be processed. More

s peirfaicald ryodusyi rgrlj st i iyl ed nimbee @dtyrbmeindas 15

so as to be slightly increased or maintained, when
prReusitiga Héie Rihidd migebemtof grRdeebPaanes hinenthird
nunber of colors used for each pixel of the second

| FRpge dite froRR UL ntfrbeF ERAN: pt®agr ka5t PERS™E
does not becone equal to zero even if_a nu r of
grERI O RL TR EIRPT i 95t TR RafRCORt 2t RY5 ﬁgﬁelglose
to zero Therefore, a .decrease in_precessin [

S EARFS A 1§ IV PGo br SRMOToncP bof B PORRL yood
by. an . expansj on. er of gradations. In the
iﬁﬁbgjb 6%%§¥F%duﬁéqug¥g%éording to 25 the present

I nventi on, ch@fcéff??dthgag§egéhﬂ kSvedt iBrOdkftesses
using only a primary cofor that is one of cyan,

MBgentdne Y&l 4 oW, and-bLagk, 1Whghabheisaeony heBeetdala a
i's

level of a gradation expansion in accordance with a

number of colors used for each pixel in input image data

so as to reduce an amount of information to be processed.

More specifically, by adjusting a number of gradations
so as to be slightly increased or maintained, 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 value close to zero.
Therefore, a decrease in processing speed is suppressed
-.whiie 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
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produced using a secondary color that is a m xture of

only two of the cyan, the mamgenta, the yellow and the
5 bl ack, and when the second i mage data is produced
using a tertiary color that is a mxture of three of
the cyan, the magenta, thegellow and the bl ack,
producing the third inmge data may i nclude adjusting
the third nunber of gradations of the third inmage

dBt8d80eaSub@ngabnify ad pkAmzelyatdaarahitthdta iwndes of cyan,
gradations of the primary color < a nunber of
ghadahtans yefl 1bke aselc aicdarky odleor thenwdmyndfimage data is
gradations of the tertiary color". Wen the primary
cpkotutsdusednion at secosceny iarge ddtat; 1pradutxbigre hef
third i mage data nmay not increase the 15 third nunber
obngratiaoi ofs tde yan t hdes &sifh iuntidire ofel Jpwudatd obie
of the second image data is_equal to the third nunber,
oblgckdapndnshen t%ﬁ\@ t99G0d Rt 1S theCinege using
processing nethod according to, the pr sg@% invgn&#on
VRN CEENERY GSA®T it NeTe oot X I T e TS GFethR GYan:
one-col or phase syst havi n 'ﬂ%ff ent bri atness;
WG TRESESr SHR O 1P MU Cdttnd 1T ey HATACAnE Fhe
a,two-cal or_phase syst e W$ C r d..|
ChO TSR I ey At TR Tt Mg Bh € g 3 nkilber
S ROl ok Uhes WU 1o LIRS, dadda TBY 22 LBCLHEEsty a
aéﬁgﬂar%ttggoe%%ﬁ nu ef;P%f ar %Ig%%_o%s of the -10- J
t *Pefdx%ﬂi@&%i by YIS €861 e ddiei Shs T df NeHBehrOhary
gradations so as to satisfy a relationship "a hunber
Ofcolor £ 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 image processing method 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
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
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gradations of a color in the one-col or phase system <

a nunber of gradations of a color in the two-color

phase 5 system < a nunber of gradations of a color in

the three-color phase systeni. Wen the colors in the
one- col or phase systemare-used in the second i mage
data, producing the third innage data may not i ncrease
the third nunber of gradations so that the second

nuabed ofal@ gleadativonscfedsienc edondchhegendmbari sf

equal to the third nunber of gradations of the third

i magedaddtoas slon atshecd reegE. 50 ce s gt et diotip ateondinhgr of
to the present invention, producing the third inmage
dgtradamipnsncfude cdjustimghe rene-ofloncpease systhe = a
third 15 nunber of gradations in accordance with
kinnebeat afe cgradiatg aRsdiaf oh G eh ket FWoraagerdabase
is recorded. Additionally, producing the third inmage
dat/g temay= | ﬁcnu@%ead?ﬁsaifﬁ@aglpaﬁe obf & §OlSFse e

third f dat i that_th t f

LG QU O S AL SR RS RLE Ty who one-
S5 0815 R SOy BB PELBL B2 .
AR TN e

P9i:6% Yy tor IS §0f &0 PELNELZE PARCEePBHAInUmber of
applied wth a recording agent receiving -11- _

trgadBMod NS HA Y P &ORA T NHabE c@LABNE s0BgRasUtbagBe
onto which a recordi ng agent including ink and a toner
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 accordance 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 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 i1s larger than the rate of increase
in the third number c¢f 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



10

15

20

25

I's adhered. Additionally, there is provided according

to 5 another aspect of the present invention a
recording nediumstoring a programfor causing a
conmputer to performan inmage processing nmethod for
producing recording data frpmfirst inmage data
corresponding to each pixel with a first nunber of
gradations so as to 10 supply the recording data to a

r eeendinagtappanadisg anhicedt iexpriessasnesc hopi xesunt bbe

a nunber of gradations smaller than the first nunber
obngpadatichng, rielveridiage ageTdressinglimeg hotk and a toner
conpri sing: producing second i mage data by converting

t ke fidhstrednage data into a col or 15 space that can be
out put by the recording apparatus, the second inmage

dat a haV|ngHﬁQﬁﬁRﬂﬂﬁ#ﬂMﬁxﬁh%ﬁeg*%d@ﬁ?%hQEd %F@@E@Fﬁ@ to
third i mage data based on the second nunber of
g@é’@&heén@@fectth@fsé&ﬁwcﬁwt FRERGL P ha? FRECFHALPE

data h third nurmber of dat
B N e

o N A L PR
L ;?:L% Ec!}r? i Ld irﬁ%@? %?Eé‘ éQrPgsﬁgﬂgk tEyoto

or arger e second nu gradati o

2 a%%c‘fﬁ él”%eclpaé aflfk@%ﬂéﬂcgfvgfgdétfgﬂgeéoogs to
ors--12- for each pixel used in e second i mage

d%IL&;pl;,n difte FRHFHNY dpeh U agCPEEbPEihE hPBaratus,
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 adiusting 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
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present invention, when the second inage data is
produced using only a primary color that is one of
cyan, 5 magenta, yellow and bl ack, when the second

i mage data is produced using a secondary col or that
Is a mxture of only tw afjsthe cyan, the magenta,
the yell ow and the black, and when the second i mage
data is produced using a tertiary color that is a

nExtusgcRf piheeengbat ke eyan set@richdnmmgenizta t he
yel l ow and the bl ack, producing the third inmage data

may i ncl ude Tadjrtst ireg otrded richinted! inmmizerco i1 gy adat tloas

of the third inage data so as to satisfy a

r ekasentshhpehaionybeheof tireadeciocnts iofagehalaygra nbs y

color < a nunber of gradations of the secondary col or
<ptbdacrdnbeingf ogladat poriseaty wed arerthady g oPe "of cyan,
When the primary color is used in _the second, i mage ,
dmegentpr odediley EAe thHiack i mdge ddi TREPHOLITHEF cd3R2 1S
the third nunber of gradations so that the second
NBRBEHCEH UGAGaE GRS BIATE Sind gk datBixEure of

equal to the 20 third n er of (gradat.i ons g% t he
uht 2

t By FHRgeTIARE YTt HS raffigthe

to.th t i ti ' | i i
SB36i i Fagh MR & o oTe e Stk fdpdee using
havi di_ff t i .ght , i

{ Ro (SREGRE Y g R S mieg 1P CREES, R CEntNoyan,

SY$leM. A whan d he TR S04 Oftse USESCk N pR6aseEARTthe

i mage gﬁeglaﬂe I n gﬁ?%ree- col or phase system

Preduei NGndde did td yegectadd &@yusting 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 egual to the
third number of gradations of the third image data.

In the recording medium according to the

present invention, when coloré used in the second image
data are in a cne-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
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i nclude adjusting the third nunber of gradations of

the third imge data by increasing the third nunber

of 5 gradations so as to satisfy a relationship "a
nunber of gradations of a color in the one-col or

phase system 5 a nunber of_jg-adations of a color in

the two-col or phase system5 a nunber of gradations

of a color in the three-col or phase system. \Wen the
ceb0bgsi AskHe ianehel Geteingl iphase datst emearin usecthiee-
the second image data, producing the third i mage data
mayloet phaseeayetiee produdimgriddre dfhigrddmagmsdaia may
that the second nunber of gradations of the second

i agéudat adijesedugl the tthd rd mumbamrergbidat ket | @hsthe
of the third image data. 15 In the recording nmedi um
atbérdi Agage Cdrda PriedamraaRiant e ok ?@P?ﬁeOf

third i mage data may include adjustin atg o
| GEPEasA ONE 1Sfe athitiy SRIHREY aof14 R | TR fumber of

accordance with kinds of ordin di a .on mhlch he
{BFRFiage o & O To% G dde %o%?rf%n%w@e sySten’s a

p”’d | ”%g‘ & 'gldql#”? a?aéoaldo“%ﬁ%”ﬂéjd@woagéafﬁl: Blase

hiT er of

S%a}&gtatpowe "Rk, hrckeang inpthecti | gloqurmer ol

en recor or nmed on a coate

p[tlhr}:teh G?Lrof er %eé'gy;éﬂ'@ﬁ" th%ﬂ@‘ﬁetl‘?é EHCE LS8N 2BhkNone-

t he adati ons when recording is -14-
p%TJlt?JﬂT%égb ol enPréfE PHDET S | 16k UdedEna DRBgEOaked,

print paper and a projector sheet, the coated print
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, 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 1s recorded.
Additionally, producing the third 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 recording is performed on a

coated print paper is larger than the rate of increase

in the third number of gradations when recording is



10

15

20

25

paper being applied with a recordi ng agent receiving

treatnment including a coating treatnent on a surface 5

onto which a recording agent including ink and a toner

is adhered. Additionally, there is provided according

to another aspect of the present invention an inmage

form ng apparatus for producing recording data from

first imge 10 data corresponding to each pixel with a

f bestoRwRBe brobt heragatiinnpagems i suhinly 4 heon-coated

recording data to a recording part, which expresses

egehnpi yelpew thda anprosrectafr grisshdt i orfse sredted phant

the first nunber of gradations, the inmage formn

appaeat beicgmarpdiiegt wis hc entresto s ¢Qﬂn?rb@®%gﬁ§ng

second inmage data by converting the first inmage data

i Breadresltori nsjacd nchat coadilse iR PIeHy ¢hea surface

recordi ng apparatus, the second, image dafa having a

sonsed winkirberd gfeqprsiidtd GESNt ettt g t Mk i Rfagetoner

data based on the second.nunber of 20 gradations of

t 6 $E8GTFEd-mage data so that the third inmge data

has a third nupber of gradations; and rogucin
b

recordi ng dat% by bt ng" Shal +8oRE°Y e%gc_gggﬁg to
BB o L L O e RS S Torming
b A Sl g 8o ol 8 Roesnds imaoe
acgardance. vt 4y, @ Wnbere oEn oL QLS fiotneachipbxehutibed 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 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 thixd
image data has a third number of gradations; and
producing the recgrding data by applying a halftone
process to the third image data, wherein the control

means adjusts the third number of gradations of the

third image data to be equal to or larger than the
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in the second image data. In the imge form ng
apparatus according to 5 the present invention, when
the second inmage data is produced using only a
primary color that is one of cyan, nmagenta, yellow
and bl ack, when the second i1mge data is produced
using a secondary color that is a mxture of only two
of the cyan, the magenta, the yell ow and the 10 bl ack,
apdcehannt:hbeseodndranadge othat @fi <her cohused! usiage @ata in
tertiary color that is a mxture of three of the cyan,
t hechadenta, witht pehupweandft fve Ysinscifon e domixel used
nmeans may adjust the third nunber of gradations of
t he ther decopdgémndgeadsdaas to satisfy a relationship
"a nunber of 15 gradations of the primary color 5 a
nunber of gﬂ@d&@@oﬁ@qﬂetﬁﬂ?@%ﬁﬁnﬂﬁﬁ%x%%ﬁ%raQF%FﬂﬁﬁﬁeFo
of gradations of the tertiary _color". en_the .
pEPREPY SSEBtOL IVETTOR i AT Wt GIRFIHRgE AT o802 FRet S
control means ma increase the th%rd nupber _of

e

GPAEECFSHS U6 250 AL % e SErond HUHbar F of a8t | BhsCYan
gfnagregl&?aﬁfg%glg)?ﬂat %ed (%1 a%]i S (G t&‘g%)a%a?%ﬁ@;]{eﬂ?ﬁggggjéa is

ITd i nage

f &'@d'&%e%no%%&?{ggsd as%%ﬁ;rerfas 1 t&lélgeclpé@sfé‘tairﬂ¥§ﬂﬁﬁrgnof

en col ors us Int ond 2 I mge data are in a

onencokQfs RIS SYSIAM havd Neadentdd; ©hdfEE0bw and the

bri ght ness, when the colors used in the second
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 coler = 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 grédations of the second image
data is equal to the fhird number of gradatiohs 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
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i mage data are in a two-col or phase system and when
the colors used in the second inage data are in a

.three- color phase system the control neans may

adjust the 5 third nunber of gradations of the third

i mage data by increasing tlwsthird nunber of

gradations so as to satisfy a relationship "a nunber

of gradations of a color in the one-col or phase
SMSFERrEnd buibdrnelss,gradat ithrs caflarcolsrd imttiee second
t wo- col or phase system < a 10 nunber of gradations of
aimaber danat beet Hmee- doicorcqilves phayestsydtemhernd hehen the
colors in the one-col or phase system are used in the
secdndsi megd dat &het ke riglagreatrthedre nbt @ nehbEase

the third nunber of gradations so that the second

neober phageagasters dhe I@@@t%‘nd“@%é“%t%\ jusgsthe
equal to the third number of gradati

i g dd arabe oth & 5aRRge It rﬁfngtl?ﬁ)p st %%%rg?ﬁa by
to t he present |njﬁg$|on t he ontr nmean

aamaeaémaatt@eof SShpe T Qb S BNl to
2

Y B AL 0 F e OF PafhalEe8h g B8

{ ?ﬁ%wﬁb e e SO n%%%t%e%g‘ﬁeﬂ? S0l o N

g%or %ﬁéﬂgtéﬁa%rgéfb O%Hgﬁg%oéwglégﬁékoﬁhﬁggnsystem = a

iMg I's perforne coated print paper is
A?Héfr351 J R4 PLSn Of o F NET€EBEr - I - the theekhiblor phase

er of gradations when recording is

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 sc 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, the control means may adjust 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. 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

coated print paper is larger than the rate of increase
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performed on other print papers including a non-coated
print paper and a projector sheet, the coated print
paper being applied with a recordi ng agent receiving 5
treatnment including a coating treatnent on a surface
onto which a recordi ng agentyj_ncl uding i nk and a toner
is adhered. In the image form ng apparatus according
to the present invention, the control neans may

pes f ORE 8hiQ ZEABERJYOE’ gEasa tanthsa whahf trere futiore siss
Additionally, there is provided according to another
asPLEbraédt ba ptReenpriinvepbipen sadnoalmgh g @rinmg-coated
system conpri sing: an inage processi ng apparatus that
ppoihtepapecornding gabdettom fshestt i rage watted print
corresponding to each pixel with a first nunber of
grapdatri bagngoappliedsupphy at keqossmd Rl e wing
recording part, which expresses each pixel with a
nunbatmedt Fredaciogs aseeAtenS FASAMRET, (Gt hufibekac?

gradations; an image form ng apparatyus that perforns a
20nEgolPAGRpROEESST A %a 395 q(ﬁﬂ?%ﬂ4§ﬁ§ﬁ?&% ?m% a toner

recording dat.a supplied by the i mage processing
apPardfG<e8o as to produce an inmge corresponding to

th di ta,, d r ol

Second | magd HATE By vartiny T irrar PREghaEE e
[ | t.nat t

Bb8, BrEd B, PR M R T TR i L e

a,38698% PHIRRs OfarQ 303ld 10 Sn&srocess .

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 number of
gradations so as to supply the recording data to a
recording part, which expresses each pixel with a number
of gradatioﬁs smaller than the first number of
gradations; an image forming apparatus that performs a
zooming process and a halftone process 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 thelfirst image data into a color space that

can be output by the recording apparatus, the second



producing third i mage data based on the second nunber

of gradations of the second i mage data so that the
third inmage data has a third nunber of gradations;

and 5 producing the recording data by applying a

hal ftone process to the thigg-i mage data, wherein the
control neans adjusts the third nunber of gradations
of the third imge data to be equal to or larger than
t Hemageeclatdh Mavhierg of gpreadad honsbeof dhHegsedabtdohspgand
data in 10 accordance wth a nunber of colors for each
pipreldussiedy tivindherseporib iadyesedten thet beconmdgaumber of
form ng systemaccording to the present invention,

wise dette o fd tihmagee arnd imageradeiuz eslo ushal dbheythird
primary color that is one of cyan, 15 magenta, yell ow
afdagadetadf theseedmimragectagnafatipraduaad
usi ng. a secondary color that is a mxture of only two

oPHRRICEREh thenSRAEHIRE ddk2 oY | 3P Lyienehd hpfétrne
d wh h d i data | d d [
ool L1 SSCAE LI G215 PioduEed iR
20 th ent t.h || d the_b] th trol
23,408 TRELA e JeLLe Shlineeb) o L op can o

L AR S5 50 2540 201121yt PHOATENLP
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grad rmary co

nudes, i giadatd Ons- 0da £ hen sesendn yseeb% fmaﬁ@uﬁg%ra in
or en tne

of- 25 gradations of the tertiary co R
Prddmiaankss l10ra iSuMSeH bh tHeos8CeRd LABHEpHALA, ysed

t he control
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
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means may not increase the third nunber of gradations
so that the second nunber of gradations of the second
image data is equal to the third nunber of gradations
of the 5 third inmage data. In the inmage formng system
according to the present ioyention, when col ors used
in the second inage data are in a one-col or phase
system having different brightness, when the colors
uged drh itshersserdnd dHegeddhdlaima g edata g te- coharol
phase system and when the colors used in the second
i mege sdatay arct iimarddvec:heotloirphasebsystEngreatdetions so
control nmeans adjusts the third nunber of gradations
ofthizlte tihte reebdareyerwidier byf §radzasimy ¢hethdi sdcond image
nunber of gradations so as to 15 satisfy a .
r et dissisigrala bt i auanhonsobfgpadasiensi af the
t he one-col or phase system < a nunmber of gradations
ofthe Xsb iR g Cfaﬂ%sa-tvvo-col or phase system< a nunber
of gradations of a color Ln the three-color ase :
Systent - Whelh CHRS cOoRe FTEHES oRES Eo o CHATER TG, SPeitne
20 are ysed in the second i e data, the_control a3
TERRS SRy TSP O ealiet HeO TRTT U REbeR bR SgPaaaProfgage
so, t,hat_the seco r r L.on Lt he.
e a1 R YR el SRR B nly BT RRGRE
Olpd fithdliddl (HBOC 21801 &Ps | BsLhCihBEE LRERLAD inage

e -20- t he

Sys according’ to t present i nvention,

CQU{ Dl MBS Yy @QUE4Bbr 8phRkE 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
egqual to the third number of gradations of the third
image data.

In the image forming system according to the
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of increase in the third nunber of gradations in
accordance with kinds of recording nedia on which the
third i mage data is recorded. The control neans nay 5
adjust a rate of increase in the third nunber of
gradations so that the rate-pf-increase in the third
nunber of gradation when recording is perforned on a
coated print paper is larger than the rate of increase
i prekenthiintrentniver, afhegraddat tahsnadien megoadiagti 8 tOte
performed on other print papers including a non-coated
prifntingaperseand &y djleictdmghizet , of herzdat ednpr int
paper being applied with a recordi ng agent receiving

t eearsiandenaliddi gl relx o i rrRcordbrgenedon enswhigbethe
onto which a recording agent including ink and a toner
1% hilg dadmadsd daddilts otesded herBhe sCORbYPHegeans may
according to another aspect, of the present invention

a 3FSgTarm forte QUi % Tontut €1e t hpEd {BAAPSR Phage
PLOSERY DDl O oot 09 recordlgo, gt pf Lom
B e AR 20080140 PUPELY e on <
CHRARIF B SR 6L 48 {1 oo PURED Ol DLRERT LTS ncreace
| MBOe I QGESSA NG oy COPPALEL 895 gReR! PAUEHAIng is
second I mage data by converting the first -21- 1 mage
ded dd¥ne @ 50! HhSPase: hHadasapsbeneubavhgby hba-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 is provided according to
another aspect of the present invention a program for
causing a computer to perform an image processing method
for preoducing recording déta 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

gradaticns, the image processing method comprising:

producing second image data by converting the first
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‘recordi ng apparatus, the second i nmage data having a

second nunber of gradations; producing third inage

data based on the second nunber of gradations of the
second 5 inage data so that the third i mage data has a
third nunber of gradations;2Band producing the

recording data by applying a halftone process to the
third i mage data, wherein producing the third inmage
damagendhudes nadj astcioigrt eads rchaturser of gutphat i bynsthe
of the third 10 inmge data to be equal to or |arger

t manotrhé nge eppd rafwushert hef sprealad i gmgefdate Ravbad a

i mage data in accordance with a nunber of colors for
eaeRopidxaumpsad of g nade tledvid RERAIRCHRE th1Fd eage data
program according to the present 15 inventio

t

e ean bd Pt e e TR o et 1 TR D Ghe Second
P ABeL oL aren et S r Al W e ohi ke
oPided IR R AT npSl g thE foclitng Bata
PR, ARRINARS B RRGhd TRl 30 Bl DEMERD ¥RLBE Bata,
CVAlGr 36 paRARY, S WELLON RS (A8 BEKIUdeS L g

t RestidihwrRertipfrq dHaslsd F ons @fadbeiéNird£i BREELhird
data so as to satisfy a 25 relationship "a nunber of

grigdald s Oftd s MduwaEl Yo 22r Totger <tBanuvher setond
gradati ons of the secondary color <
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 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 1s 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
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a nunber of gradations of the tertiary color". Wen

‘the primary color is used in the second i mage dat a,

producing the third i mage data does not increase the 5
third nunber of gradations so that the second nunber

of gradations of the seconcismage data is equal to

the third nunber of gradations of the third imge

data. In the program according to the present

i B¥eBki @h,a Wneib&o! Of sgrusédti anthefsehendecoradergatt@lor =
are 10 in a one-col or phase system having different

bei ghinbess o fwlgera detid conl arfs tlwed-drt idvey seebod” | nelfeen the
data are in a two-color phase system and when the
cplrdmaryseelior tise usssbdnid ihfagEeernd Hraoe rdata,

t hree-col or phase system producing the third i mage

d &gyt righ dhgd & hdgidi Smagp t@?é'—aLSi‘i‘@ﬁ rRPhubbereaFe the

gradatjons of the third jinage data by IaneaS'”gumEer of

t P ch BBEEE o0 Zg (AR TOr R osoast%t Bt 375034
| at h unb f d f '
I%ga xdrch Bt %fscfré% Eﬁ‘aaga‘%'cﬁ%% bt e giaharPohee
hdﬁgggﬁ#@#é%t ra#é%ﬁéﬁsp §y§ﬂf 1ﬁa§8 agqggr

ree- c
system' t n cplo h tem
are used |n éng%ggé éEaﬁggéggrggﬁgrggu%?%gg?%géx§lrd

i Aatd ML oted NEF£as8ed hen thhE dsOUBRET iRbge data are
gradations 'so that the second number of gradations of

25 1 he sypcond d o dat aydSeRuatihg Ghefebend BuiBBLness,

of -23- gradations of the third inmage data.

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 third image data by
increasing the third number of gradations so as to
éatisfy 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 1s equal to the third number of
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In the program according to the present invention,
producing the third i nage data may include adjusting
a rate of increase in the third nunber. of 5 gradations
in accordance with kinds of recording nedia on which
the third image data is recogzled. In the program
according to the present invention, producing the
third i mage data nay include adjusting a rate of

i gereasecns tife thl rtthimednhieragyd ddtar adati ons so that
the rate of increase in the third nunber of gradation
when recor dilmg tite perdaraecoronditpatedtpe i prepapér

is larger than the rate of increase in_the third
namventdongr adadusrisiaidre rideordli Hepde daer fBrednehude
ot her print papers including a non-coated 15 print

papeSAAdda BprIGitectdy B ase ik clit et P ntimhspePt

{ BRI Gy A U (TR TGNt OheGoSds PecRedia

S o T OB Rrie ] et U SRRt advant ages.

O e P ST eaL ot Lo besogec potecappacent, |

R s a I Lk v P R RS T A S s

ahﬁjgfsg%ﬁnggzat o ©rd# Non kP4 | {ROEREALR1 kAL AuABER, 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 cocating treatment con 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
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by a recordi ng apparatus; FIGS. 2A through 2F are

graphs for explaining 5 a lack of gradations due to a
gamma- correction and avoi dance of such a lack by an
expansi on of a gradation level; FIG 3Ais a

perspective view of an inkjet4- head of an inkjet

printer; FIG 3Bis an illustration 10 for expl aining

an operation of the inkjet head showmn in FIG 3A

FIG 4 is arId.l ustirsatd ofl cadodvd ng @f novenemess ob£ft he

i nkj et head and a novenent of a recordi ng paper
assaveatedgwiinipud reegedidefoperat idata 15 H: Gansowhput
illustration of a cubic lattice for color spatia

cbyver segprgiogesPpRFarsed in a CMM process; FIG 6

is an illustration showm ng a zoom ng process, which, K |
convert one §iiGEel 4 ThHeoudip AL i QeI TaRbS Berafxplaining
out put resolution of a printer; FIGS. 7A through 7C

2 Pe TROKSL SRR B BIER 7 (RPTEM THEF = it HBGand
which is a typical nethod to replace gradation dat .
WP RGO s E RS 19 oo e Chrer 2 9bBation
iIIusHﬁations showi ng 25 dot reproduction according
t 3%¥9%ss val ue process; -25- FIGS. 9A through 9C are

ig'r ustrat] gg%m%.g% s dtp Sh&88c81de bt 853bECNOknkj ot
head of an inkjet printer; FIG. 3B is an 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 cubic 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 methed, which is a typical method to
replace gradation data with ON/OFF of dots;

FIGS. BA through 8I are illustrations showing

dot reproduction according to a less value process; .
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sections in a printer of a dot size nodul ation type;

FIG 10 is a flowhart of an inage processing 5 nethod
according to the present invention; and FIG 11 is a
graph showing a relationship between an anount of ink
adhering on a recordi ng papéet>- and a gradation | eve
for first, second and tertiary colors. 10 BEST MODE
FOR CARRYI NG OUT THE | NVENTI ON A description will now
be given, wFES.r &Pertdrrcaato Theaxhk s Hagtratians showing
enbodinent of the_ present invention. 15 FIG 3A s a
pEPEpEEERFe 2RCe RSP Cak 1io0RK Odt INREHT A1 APRTRFEET D)
printer. FIG 3B i,s an |Ilué§rat|on for e Ialnln an
OPEFALPBA 4f @h@r.l.%eét Oth@adShdh? s MH A Bhon ASTD

ghan It F 50 38 tnao Lol ren S0 can ses.

. d bl ack
M o e ea e LR L e
[k dr ol et ¢ orgy ke npazls, REY) ed o e ge oAl be

head units or di ng

tBeE%%%Eda%hdﬂ@%ﬁ%‘Hftiﬁkréﬂﬁgf&ﬁ% &@Q§rre@ér§§nﬁ %Qper
It should be noted that although the head units 3 o
34 606" @SReRHIRG 1R WAUIf GOl OIr HOMPONEM S MMd tertiary

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} printer. FIG. 3B is an
illustration for explaining an operation of the inkjet
head shown in FIG. 3A. As shown in this FIG. 34, 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.
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CWK are shown in the figures, there are devel oped
recently an inkjet head having an additional head unit
5 corresponding to light ink such as light cyan (or
photo cyan), which is brighter than conventiona

cyan, light magenta (or phe®- magenta), which is
brighter than conventional magenta, or the |like, or
dark ink which is darker than conventional ink. 10
FIG 4 is aft |dhystichtbeomatiaii hpta abvieoegh thé hbad
I J head and a novenent of a recordi ng paper
assotisattdd b 34 sorEeHrENT- reperation: aPivougpmenents of
li rinters are equipped with a |line head that_covers

aRMYEngitee shicith I6f the ddeiiady papere argyeteyal pyed
rseaetisits B 0 o St T St Rt
DSoer PRy dh Y o bess ohidht REPFBChPE Rgoto
R o e et o e B e 2 Y g
PSR (R oI b g okl ke

r | g u ctive 0 AN .
e A e T LRSS Gk s Bk Ghnf bR i

| nRga datin a5 ddndTam R cerputer C and the like to

the IJ printer -27- is based on i mage data accordi ng
to additive entor4d 18 xdmgi hehbodatusbngsREBiagdaamovement

anount of information per

of the IJ head and a movement of a recording paper
associated with a recording operation. Although some IJ
printers are équipped with a line head that covers an
entire width of a recording paper, a generally used IJ
printer has a recording head 40 having the 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 mo%ing 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

CMYK (including light ink and dark ink). Image data

input from a computer C and the like to the 1IJ printer
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one pixel is nore than 8 bits, which is equal to or

| arger than an anount of data processible by the Ii 5
printer. Thus, it is necessary to convert the imge
data froma conputer into i nage data having 1 to 2
bits for each col or conponert-of CMYK by applying the
process: shown in FIG 1 so that the converted i nage
data can be output by the IJ printer. It should be
nasebatkat ofl Gmabe Hastrows:-dawsdipreces saddiowsye onelor
being a process flow of an economc machine 1 in
whiigh nigh aeitimge vddng IREB prot evseniins obf wepormation per
(printer driver) that operates on a conputer (PC side
pPBCePI&e 14 igndoze fipn He Prist ethidheret ye@eebute Phe

processed i mage data, and_ the other 15 pejng a process
f PGWISHE &DRNg RIS FEaPHah; A2 iwwwbi%gbyn‘ga% 1J

[ [ hared b ft d i
MBEAEERTuNt PN e 1 PRSI nterCQPHRE T bl BEedRags
oet R S DT R g 2 e
t ' t I
kit SPH R Stpdi e Of ORIy HpofflRg fhe process
WIEROHE (UYSigd: @ CUPULRlt RGDY-Het 08 PHO0VhESd WLED Ban be

readi ng nmechani sm which reads a recordi ng nmedi um

havitat ia}a%éiam, Ak &R, | NPPesREQLESEE NHoRBBNARKENMFTG.
achi eved 25 by har&aare that perforns a process flow

of tRe A@igroddss MBhwHL dne TheikyMappo6esss22low of

from anong the processes
an economic machine 1 in which the image data is
processed by software (printer driver) that operates on
a compufer (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 domputer 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
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shown in FIG 1, perfornms conversion fromthe RGB

color space into CWK col or space. This process uses

a three 5 dinensional cubic lattice 50 such as shown

in FIG 5 so as to set the input RGB data to a

closest lattice point 51 by2sn interpolation

operation and replace the RGB data wth CMY data

defined at the lattice point 51. It should be noted
thathEh& 15 is an illustration of a 10 cubic lattice

for color spatial conversion processing used in the

CWM pr ocess.Thal thdlLghr Fiegs P3hofwom azubhg thatproeesses
other |attices such as a hexagonal prismor a

t ehpahedno IGIhd ;BEEICR 43t (eXEERr PPmnr @y thefBEBt golor
FIG 15 1) produce a K conponent by repl acing
oPBRCEppINTG I soliar tﬁmeam MJ&S vﬁ”f‘hc%s%o%%ﬁeﬁt three-

of K (bl ack).. Since _an i nk corres ondj_ D
¢ FABEGIODE. C@k{%?y%ﬁttjf\‘ﬁe JINTA e 5@%&? 5 so

‘3328 sdsgn dtzvfef elapulﬁT W et 5%%%%%% “Ba8ige point
A
ST M dn Al don LR PoBen L ST LE B Res
14a4st mtehort»@%}wg a{ﬁ&@m@%ﬂé of&i?’@lc@hfﬁstﬂnt 51. It
e e | nput

convert one pI X I mage 1 nto out put

r %%'ugtd o Hote iy €rrrdhes ZP@%I@91?§uQE9§§§§ﬁSoE4a
and P8 replace a resolution (72 dpi) of one -------

- cubiic Tattice “for color -spatiat cdfvePbXeh $@oBEssing
i nput image data with a resol ution (300
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 éf 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 rescolution (72 dpi) of one
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4,800 dpi) of the printer, as showmn in FIG 6, so as
to substitute the gradations per one pixel 60 by a
dot density per unit area, which prevents
deterioration of 5 the gradation characteristic. The
hal ftone processes P5 and P9 drefer to FIG 1)

repl aces val ues of pixels wth OV OFF of dots.
Basically, the gradation |level of each pixel is

-ggtﬁ%&e%o Wiet A @ dhrieshel diatdl uei 80 AsrdSoDenesat e3a0-

at a 10 position of" a pixel having a gradation
| avelooexgredigry tHh @ rihreshol 4k vettaten ad PDE. gépesat es to

a dot at a position of a pixel having a gradation

| evelsthehow the tdyreitolschs yed mieond heteby 6@pbmcandot

the gradation level with a dot. GCenerally, as the

haletisdne preocess,t amdaherhit hoteddntsi dgtaridreshondot

matrix and an error diffusion method, which reflects

arher moradedt iquaahazadterist BC pi xel operation, are

popul ar. FIGS. 7A through 7C are illustrations for

expl ai ni ng B rrEFt ot NBECCARFER FS anfyfilcdirefthae FIG-

to 20 replace gradation data with CAVZFF of dat%.

FIL3S FePA 39RO - 1&S PoP 15yt 2108t FRnPRABFEs8F o6 -one

kind of __dots with respect to a, process, using,a.4x4

DEARET 1 Ehe AR ol SO D, Saskepigel 18" Compared

mul.ti-valye i data 70__s [ A, ik i.S

OIS o I ThEYS 250 iaer (% PEOarECnradh 't Pl

Db dBSHdy T SIPLL H1An 530" gfBaatiBn! 161BY kkRedin

p#ﬁ%%%g'rb et%rn1ﬁ%f %t o7 3 ° . " °
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 thresheold 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 a2 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. 72, tiling is performed with a Dither

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



val ue of each pixel of multi-value inmage data is

| arger or smaller than a threshold value, which is a
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-3@ger than the threshold

val ue and not output a dot when the pixel value is
smal l er than the threshold value. By sequentially

appl.yi oget he 1Bnicheérs rAPriocsgyDdes datomming wikgthe7 Az

to the multi-value data, an output dot 10 pattern such
agaihewnfiﬁaEMGplﬁell§ﬁmmnhﬁknﬁal¢ﬁr¥mﬁﬁﬁ Jabasisi harger
order to inprove granular feel in the binarizing
ppsc 686 1dgeh thans Fowm nesalsh, vadae « Hrlplgh & %rwi@ of a
8A through 8C, ink (hatched dors 80, and blacg

8 PR Iffa FORg SHRONEHart |egarﬁrhé%’sx%9r el%s el%l% eFe@étrlx S0

Eﬁ'eé%ogr@‘%%?%u brdg%:t@‘fs%@d thetEed 520 o atlar o
sSNno t

I SRR B S e o
"I éﬂél v S)Sis ox%ehflﬁée gﬂ&égnthahetc)ﬁ”%%rt é:?ovalue.

e sa conveni ence I't S

e gcvi ﬁgﬂl H taﬁ}?lftl {4y 0&&9@ §ilthé£emzakksa§t b%b@%% shown

repro on according to a |less.value

Priocesss . The 4 aseitni Vet Pher @b ek esahOoatpaghaogue
25 of perform ng i mage processing using i mage data

10 Whashterm -such -as shown-in-FIG:-7€-is adduired.
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In recent years, in order to improve granular
feel in the binarizing process such as shown in FIGS. 7A
through 7C or FIGS. 8A through 8C, ink (hatched dots 80
and black dots 81) having different brightness are used
(a less value process “brightness modulation”) as shown
in FIGS. 8D through 8F, or smaller dots 82 are added as
shown in FIGS. 8G through 81, 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. BA through 81
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
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has been converted into a hi gher nunber of gradations
than i nput inmge data by tenporarily expanding a
gradation level in a series of imge processing. By
using the technique, a part to be rounded up (or
rounded 5 down) by a deci malz{evel adjustnent in the
8-bit process as shown in FIG 2C can be reproduced
as a continuous output as shown in FIGS. 2E and 2F.

Thesexkensenvektelihe nwrkem iafhef adaiionsot t¢ehdat Sons
performed to be twice, four tinmes, eight tines,

- byhshi ihpog ﬁhﬁg@r@d&biQ@fﬂbﬂpﬂmﬁriﬁyEﬁxﬁaﬁﬂiﬁ¢.é..

However, generally, the expanding process is not
pegrbdangdnbékerd tihe aCddrpreacess, imdgelpréoakesiag. By
extrenely | arge anmount of operation, but perforned
abiséngt hbeCteichndcess < resrisuoh b expated orp ¢(ausegunded
an increase in a load to a processor. 15 The 7-process
shown )i RYFRGESeciRadnd 2R adiiiistasepl Bt ofhey ket process
where an expansion is nmade from8 bits to 16 bits.
ABS0 ShRYPh d I's fH&e q#éntCamalFe orfP TR GLERE 25 theCoBE 1nuouS
repl acenent can be daqne byzggin lied with a .
DPU B bk G PesBortdiany (4F F1h 17 val LB® GT<5eBFA0Peat
20.to an. error. diffuysion proces Lf an_anmpunt, of e
BT TP o BRATT Y | hereabet® BoBAPALA o e twice,
pr.ocess .. s incr. e .ﬂg%ch finall j [ u
DA SAG SRl £ L8 Ok ey LR
CRR3NY YF Cé[}ac% %i@%alt.' ori-lév?é/@ézf,' Sgé‘i?érgfﬁlorﬁﬁ? gﬁpanding
uni formy, but e expansion of grfadation {evel I's
“%%bcess 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 increase in a load to a processor.

The y-process shown 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 halftone process,
the dot replacement can be done by being applied with a
Dither mask corresponding to 1l6-bit value or subjected
to an error diffusicn 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

expansiocn of a gradation level is not performed

uniformly, but the expansion of gradation level is
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suppressed or prohibited in accordance with a nunber

of colors used for each pixel unit so as to increase

a processing speed. For exanple, also in 8-bit inage
data, if it 5 is not the gamma correction curve as

shown in FIG 2B but the ce¥z-ection curve in which a -
ratio of an input to an output is close to 1:1 as

shown in FIG 2A the lack of gradation |level is
nmenppirzed edUplre g obhlid liteck iof agqparttariosh Wide|a number of
concentrates on a part of the gradation 10 section,
e¢eROIrs abed: foourachsrdixe lgrdddt ih 3% R skeereage a

deterioration in an image quality is hardly recogni zed
i RTPEEEEILES. SPRES.- there is no need to perform an

' f dat i ' i ngl I f in,an,
cxpansion o AL 10 pe 1 5Bl oLn e O 130,
1910001 8% RGPS PR A AL P, 23

istic | I s 1k d
CHRRRGLY Loblced:s i 9502 3 o PRI BBy <o

al location qfs gradal i fﬁfrw@ﬂém 20 SE611 9AS tHedlack

printer of a dot size nodulation type. According to

sigeg@fdadaton uved as showidat hegnfd gurese aawkdbh
of edch gradation section using each dot size is

agjrsst=ed cand &«&fll egdraskntrdteeshol 4 yaltiest heagradation

Dither in the hal ftone process or threshold val ues 25

i eart ieny,orevilrf fiSiayopr abESSof -B3pit gradation is missed,
a deterioration in an image quality'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 gamma correction
in which an input and output characteristic is close to
1:1 has been made.

FIGS. B9A through S9C 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 is adjusted and reflected in threshold wvalues
of a Dither in the halftone process or threshold values

in an error diffusion process.
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FIG 9A shows a case where dots having each dot size
are fornmed on a recording paper with ideal sizes.

FIG 9A shows that the gradation expression is

achieved by only small dots 90 and bl anks 91 in a

range 5 of gradation |level-33-omO0 to 85; the

gradati on expression is achieved by only small dots 90
and nmedium dots 92 in a range of gradation |evel from
86 to 170; FEdfd t3fe sfrwtatd o e prlesss oBot 8 heWirgegach
by only medium dots 92 and | arge dots 93 or only the
sraltl sdses 298 fREmES (IHe EEIRHRS RPPeR wiFhAngdest
gradation | evel from 171 to 255. Although an ideal )
d6t z&isze ELGrotP2alShYE W R Heehdt iy SfPRession 1s

R R e T
Sg%&%%tae Rt BT bt b Tt RetetPibRar ) by
oS rar DAL RS A RRELU0E Sty W LB EDBOS ER] hiSdium
the oo rg%nirﬂ daOtﬁagﬂvﬁ dp drids 2Ovehowpoihngkl B 9Bo;

a range froma rightness to-a high-brightness
F%RKPQjﬁﬁQﬁQQﬂ§@$Bng%%?kéi@&@&niﬂ“ﬂtﬂ@éve&*ﬁ? bly medium

arge, as shown in 9C, a.range froma relatively
hightPrdghimesss fge aadt ghobréghtnegsthanshell dots 90 and

reproduced. 25 Since the characteristic of the
halHd enelium -dots -92-in-a range-ef-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 brightness
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 reprcduced. When the minimum dot
size is large, as shown in FIG. 9C, a range from a
rélatively high-brightness to a high-brightness can be

reproduced.

Since the characteristic of the halftone
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-34- process itself is reflected in the gradation
expression wth respect to a single color gradation
expression of CMWK, an expandi ng process of gradation

is not needed or a mninmum expansion is sufficient

when a single color is 5 used4-This is applied not

only to the dot size nodulation nmethod but also to a

bri ghtness nodul ati on nethod, which uses ink having
bprgvme@@ss;ttcﬁeﬂfferlemtrefﬁlcﬂﬁteacbnmenth@nfaradnklonhaxpu:sssmn
light ink or dark ink. The object of use of the Iight

i MR EEr nefPedd K9 ik Single 191 oprovadgEhpnl exprespieh of
each _col or of CMYK and an amount of ink adhered, and,
b&Ei&al 13 PRAEINT RFOHIT P RrRB ARt ERPr é§s¥1ﬁ§ needed or

G Fam ST Sih ”%m et SRhrvifong BRRRIPocolor is
d 5 I [ l.ud
F?JS%% il AR AP RS ot 9%@5%2@?#3%&%8239
t
repr03Uéﬂ%If|ty baﬂﬁﬁéeégﬁ d???%ngrfgggﬁggé BBauiation
e’fr@%ﬁ‘x%d)n vﬁﬁQﬁ?%&r £er o1 Rg @rlghﬂhﬁy ;E%Q?_bﬁﬁ} from

20 A description will now be gfven, erence

Fldenviht itinaan idmgecpiocessi NogRet had o@CSQEQ'EEktO The
the present invention. FIG 10 Ts a flowhart of an

| mRge dy P SsEdp Methedl Bgieor dhdot orhBedpERSeAk is to
invention. In FIG 10, input of inage data 25 (step
Siimprdiee GMrprionestedStep &2¢h andl B UERCHYECass an
amount of ink adhered, and, basically, there is no
difference in expressing gradation by continuing on the
~ same color phase of normal CMYK ink.

When only one color among CMYK is used or
colors of the same color phase including light ink or
dark ink are used, a 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 té 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 81), the CMM process (step S2) and BG/UCR process
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-35- (step S3) are the sane as that shown in FIG 1

As a first election, it is determned, in step $4,

whet her or not a recording paper is a regular paper

or an overhead projector (OHP) sheet. In this case,

if the recording 5 paper is-khgither a regul ar paper

nor an OHP sheet (No of step S4), a coated print

paper such sa a coated paper or a glossy paper is
sdbteped3)| faret the detrer mMsethati relstwp 84, FI®atlt heAs a
recordi ng paper is a regular paper or an CHP sheet,

1@ ivdsitc e lpcdviioges 14 ligw dgtfeningd exbansiem 94, whether or
gradation (Yes of step S4), the routine proceeds to

sOep 816 afPeIdd nda RpRfdatli o Ss@Ehsi BbrPIPDERE Bk SHarhead
expansion is erformed. It should be noted that the
pPECASSTEr JO8F) Stestncl qukstlfh%tC%eexﬂpgn*élil%nr?gordlng

PeLE 19 Theh, (GO 045 ShE R b ofR Ol oo

ORI b A A AT B8 Bkl o
p(_:lo%el ssscy ﬁalé%‘[rg%se%rgé@éh_i s perforned. In step 512,
adat1-o

ag at expansion process of nedi um expansion

is performedis iNafsiSerdimiNEql CERT 810 BAPCENLS
neither a rSEEI%$ %aﬁ%r ng an’ OHP shegt (No o? SF?E

S@ecdﬂlﬁ.rfdg()lﬁa{ﬂ@r.ﬁoe{? 18r Sh&P=SSowhgreolb kieet

det erm ned whether or not a single color is used. I'f
ORI ch PBHaisD|Dr1ldw 2Brasedof YespahssbRPoBSYyratiaeion

routine proceeds to step 516.
(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
S16 includes that no expansion is periformed.

'Then, the routine is directed to one of step

~ 87, step S12 and siep S16 according to a number of
colors of ink (a number of ink tanks (not shown in the
figure)). 1In step S7, a gradation expansion process of
large expansion is performed. 1In step S12, a gradation
expansion process of medium expansion is performed.
That is, if the recording paper is neither a regular
paper nor an OHPF 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 S85), the routine proceeds to step 516.
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-36- If aplurality of colors are used (No of step
S5), the routine proceeds to step S6 where it is
deternmined whether or not only two colors are used.

If only two colors are used (Yes of step S6), 5 the
routi ne proceeds to step Sld3éwere it is determ ned
whet her or not the colors to be used are in the sane
col or phase. On the other hand, if it is determ ned

t A4t at plesadrityord colleors @re ustatl (NP off stlepp SBY) » the
the routine proceeds to step 37 where the_ gradation
1008%paRs PeRcsEeceds Stamrife Wighsionl § <SP FBined.
If only two colors are used and the two_colors are in

t Heetigke OZoNGt SHdse WHWRICHIDRLIR TP S11), the

ti ds t t 16 wh th dati
expanston PoGEs G i 1o B panS | BT s et f BF mBieEaie)
RBeC ORI Bl T et T e Ehast °EF < ke Ene
Ofwh%tt%%f%@ ndt§ hd W6 pr!@%&g?sé@ step; P1gnuheLe.

t Ne gradation expansion process medi um expansi on

B GRS, o U, dinds e TS 18 SieBoRbeo

S 3R +C Qe PRAS 8no 1Y AEIB LIt s havih 883 higbes £ bE+ 8Bt BESS the
or lower brightness so as to direct the routine to

t heuariaRal Yt RXRARS WteProTestepé Shal fredpanshon

when there are two kinds of ink of the sane col or

phagamsyisiremrae AN (@f ldegsedepinsoionfishpepfocass.t 0If

b%nly 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, i1f only twe colors are used but the two colors are
not in the same color phase system (No of step S11), the
routine proceeds to step 512 where the gradation
expansion process of medium expansion is performed.
That is, it is determined, in step 511, whether cor 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
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-37- performed is .conpleted, a y-correction (steps S8,
S13 and S17) and a hal ftone process (steps S9, Sl14

and S18) are applied to the imge data, and, then,

the processed image data is converted into dot data
(quantization). 5 It shoul d-¥& noted that since a

Dither process is applied to the hal ftone process,

the pixel data is discarded after quantization.
Hoeetermedf ign compdretedl f faugronrpestdson i Stans iy tDHL3
the halftone process, a post process (stegs 510, S15
aR8dsEdy ) apehéedéd HETED Rré?t‘%?rﬁwsth%tffﬁ’l%g% datadongd S18)

agai n to_an original annunt i nf tion sjnce an
i SN SRR S L R TS P s L= 8 Friessed
refl ect

DT AGEeG Rt X FOTGT 1 dRESE Tt %a@%lgqugg shoubg,

%‘% shBNRES sRlan VIR Al AL o S LLAP] 8000, BT 9eess
g 13eh d bc Syantédzatd 9od dgartag gﬁﬂxéf data is

ance Wlt a structure o and a print

US s atfeShowe i npddie fi oM &), andlydSesentstont Beror

heag unit and an 1mage is output, in step 520, from

t b f1ead dMigrR2R 49 B cossienee v tihé heal FRgRedpiacess, a

FIG 11 is a graph showing a relationship between an
apist pfoddde adeipNE DN, asTecandi HPopapee napded to

gradation level for first, second and tertiary

caleansn ItheFli@add  dathornecodghinaxts appresghnslaagbunt

gradation |l evel and a vertical axis represents an

amdunmformation since an error in the operation of the
guantization is reflected in an operaticn cf a next
pixel. It should be noted that the post process (step
§10, S15 and S819) is unnecessary when an error diffusion
process is not applied to the halftone process. 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 8520, 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. In FIG. 11, a horizontal axis represents a

gradation level and a vertical axis represents an amount
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-38- of ink adhering in a unit area of a recording
paper (hereinafter referred to as an adhesi on anount
of ink). Since FIG 10 shows an adhering anount of
ink under a condition of no restriction, the adhering
amount of ink 5 increases tws8e (200% and three-tines
(300% as the secondary color and the tertiary color
are applied, respectively. However, in practice, a

r et rdind iashheinghovmed |y Ep ot F e 33 anradheding napemt

of ink since 10 various problens be caused in .

addietegmaiser m%ﬁﬂ@ﬁduwtﬁtaeo«ﬁ@%ﬁﬁaﬂi gRopgt of ink}.

saturated i f an excessive _anount of ink adheres on a
lﬁ}QWNQQMﬁQQWQxﬁQh?@Peﬁa%%ramBFPFtOSabEF under a

o eGSR e e B T S0

fI k h i t_ab bed
?é%écrra"%“se” i e STt S RE R T¥BbRT g
Stgé@o%eda%'aﬁ&mt A 0AL b DEapUT Bhed Surbaggeadeq,

causes a ue to swe e reco
r%#g ég% exanple if an adherlng anmount of the

primary col or, “which produces a solid image by the

primry col ofrxowatferl Sifieprastackeshr kekiten ctaldwe il

FIG 10, the secondary color is permtted to 184th
grastaid 01y dpyelecantot e sehbrany efbahti sfpehN istiede

to 139th
various problems may be caused in addition to a problem
in that concentration is saturated if an excessive
amount of ink adheres on a recording medium (recording
paper, print paper, etc.). The wvariocus problems include
a generaticn of bleeding or a spot like a liguid 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 value in FIG.
10, the secondary color is permitted to 184th gradation

level and the tertiary color is permitted to 138th

gradation level. This means that tertiary color can be
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25 gradation level. This neans that tertiary col or can
be -39- expressed in gradation only a half of the
primary color which can be expressed in gradation up
to 255th gradation level. Thus, it is said that an
expansi on of gradation is nggessary for the tertiary
color. 5 Although the restriction value of an adhering
amount of ink is set to 100% of a solid (daubed) i mage
i exPinegse  drogratatiorne xemid e shwh ¢h e primariecolor
restriction_value may be changed in accordance wWth an
i WEHiChatGash b e e fst, 1WA EHG S1eh arg ebiC by vERi ous
10 factors such as matching of ink, wth a recordin

D GECAL IO, YR -of HHT mittr bl 2310 L RRE 0P| fgpandion of
resol uti.on, ,an existence of gé igg ans suih as a
h Tigrt 1S RRRRARAT Yt %e Ty NYnbRreTof

expressi bl e r.adat.i ons_of the.first, cond .and .
ertiary col #ﬁQO%ﬁﬁst %Iﬁ??gﬁé |ﬁghav%§H§esfan adhering

t
91 qltrjtor}& Cﬁ;n]l N& REdLTBLY 1604 05+ 72 3 HY eng{Jbed) image
0] er o

gradati ons the secondary color a nu

grigfalins oildle {PTHRQrdxSRbPL " shSyn TRANFEENEd1, the
Thus, when perform ng an expansion of gradation, the

eXRAS Qi ”houl e r@éljfl}'b@dclmﬁ@eé 2 s8Latienshi Ritd an
S O

nunmber of gradation the primary color < a nunber
ofirgyiadait s of itHe secoadanyickl 05 cRafysbebyokarious
gradations of the tertiary color” is established. As
nefddtoned abdvess timet elebtg i ¢fi bnkvelitk asrecording 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 cof gradations of the primary

color 2 a number of gradations of the secondary color =
a number of gradations of the tertiary color” is
maintained. 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 value is

influenced by various factors, and from among the
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25 influenced by various factors, and from anong the

-40- factors, kinds of recording paper give a great
influence to the restriction value. Since no speci al
treatment such as for receiving ink is applied to a
non-coated printer paper suth as a regul ar paper

(copy paper) 5 popular in general offices, ink may run

and winkles are easily formed due to a water

cdaptpest &omds wdd reroniing FREST thieve estgieat ohnfluence
value is set to a relatively low value. On the other
h&rdthsi mestedatddrpriadtugapdrina® nuciPedizbategatment
paper for 1J printer use, which is  applied with an

| BRCRe @S VioFg neCedividrt 1 Hasl aﬁﬁmﬂg to Fpoppcoated
facilitate ink being fixed on the surfacgﬁof

th
- BESPHeg BREFE S T AT \RARRF CLFBY BEPeF)
185 HbrRsREAL (TS 1 bbbl CUkerfl- SabH gS 2re
OHP t ' I nk VA C
prasty fimed Qb b W it el “bopBatned g, 1.

a%%%EgJEH%zyesfgﬂctﬁgh of é@g €§C§egéfgt§9ely low
absorBi ng capacity of ~ the i1nk receiving |ayer

oyg{ﬁﬂgms. Thus, the 20 restriction value nust be a
snaﬁ er value. However, the gradation reproducibility

i's not detergh negk sotiedyY Rynd} heinest ebgt@nprahtepaper
and a resolution on a recording paper gives great

i nfddienae dontdie Wpsation Ieppothucebi hsey. whiichhés

above-nenti oned exanple, a
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. However, 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
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25 regul ar paper and an OHP sheet are inferior to the
1 -41- coated paper in an ink receiving capacity, and
also they are inferior to a coated paper with respect
to a resolution. For exanple, if a very small dot is
formed on 5 a regular papet4l4 nk may runs al ong
fibers of the regular paper, which nmakes the dot

uncl ear. Thus, even if a nunber of gradations is
expandddpabke éff eqt iofk tieeeiexipansiapacinotabhe &lsdythey
exhi bited. Mreover, it is assuned that the OHP sheet
i srasédfesion dcge avetEQ magjectwidm i petReoh thea OHP
sheet by a projector having a |owlum nance. Thus, a
pAESEPHLILAN-he OHP sheet is blurred due to diffusion

and attenuation of light, which results in an i %e

havi ng ext r &l )ﬁwjiefd)ﬂn%rﬁ cv?%iﬁg%mab} ofiekt &8 SRTRed on
screen. .15 On the aother hand, th uci b"lft{(h(’f

dBt ST 3 lipzute iy Yy g‘?uafbsat h ﬂ@% T sC

recogni zabl e in the coat.ed even the

r 5?9%:1 | SRRFS U T Eilkesset L glhégg Thig, even

the co hﬁ%e@%"f’ HUL &S A o éﬁ&%"ﬁh&ré@@%h?”of the

r at her an a re ar paper “or

C%&E%Sa%dé ric?c 3 OSEY PRARSER WM €487 . caz@ofea{regucet is

nore cl ear For the reasons above, it is a
Wasteirfa aHdtmhd operdidn & 9rasadi 09 expapgtoanan a

recordi ng paper
project an image on the OHP sheet by a projector having
a low-luminance. Thus, a pattern in the OHP sheet is
plurred 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 wvalue. 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-
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having a | ow resol ution, and a gradati on expansi on 25
shoul d be perfornmed on a recordi ng paper having a high
-42- resolution. Thus, in the present invention, a
rate of increase in a nunber of gradations is reduced
when recording on a regul ardpaper or an OHP sheet
having a small effect of an expansion of a nunber of
gradations 5 so as to prevent an anount of information
f reprbaitdgn .unFéeessdm Ibhe moressyed, ineehiomcr2asake of
an operation |oad, thereby reducing a tinme spent on
PRBEESSISHY 1A GhNUFhan tQf iRy s 13 9@ ed behen
noted that the above-nmentioned 10 process can be

dESEPIRER TP a BprEildR aRERST e cir ffibysheetohplies, 2
OLrll) SIS Y e Suste, P 4 IS0 9D sone
S5t HEe 0t S RIAE G4 b LB B0

COBUL AR TP . 20 2 S BBy on

thQad,i k& e rHIR5Gd rrﬂjépge%?év 28%1?1‘. Sé‘ﬁtﬁP$8%%§Eﬁ%_oﬂgzgh—-

time ’‘storage,” and are proogr am

At Raugly tiheide) didanter is described mainly in 20 the
above déscription, the present invention is not

linmted to the dnbuylrd B&rnabedi shapptheabbevkomantioned

printer using other recording nmethods such as an

elpecidegphaizognap e ayr ibdddsyad pronsier andt hbedexecuted by
a computer, or implemented by hardware, which is mounted
on a printer. Additionally, such a program can be
distributed to a remote ﬁlace through a network, or
distributed by a low-cost medium widely used as a
computer recording media such as a flexible 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 aﬁd 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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As mentioned above, according to the 25 enbodi nent of
the present invention, a gradation pattern, -43- w hch
is to be cut off in accordance with an out put
characteristic of a recordi ng apparatus, can be
repl eni shed by perform ng i+hge processing by
tenporarily increasing a nunber of gradations to a 5
nunber greater than that of input inmage data, which
emablogs is $wodieh aprtaddii oin exprestinre Wi t apnantput
an anmount of information is prevented from bei ng
ushegestgriilsg lion erfeds b W G SARPPRY &t woimbeRn obe
gradations to _be increased in accordance with a nunber
1o eptlepgishes e PFIFHOBHD piiRIS BFPERSHIRYeRYs an
increase in an operation load to a groce

AEBRRERRI Y (I il B R RD GEAb-CPEnt o

i hi . gh- lit i dat Li ght i whi ch
PR Mty Ui A fnof £0s Tt 4% HhiEn
dark.i-nk, which.i i i .
CHSHTES AMbe? dbsiaed O SRUPLYSLOAUC AlafRipnal 1y, an

Wit B AP ATBIYE SOLOr s 35 A bESEven{BiCEAbhYbeiRgd

design of 1 mage processing paraneters, a gradation

FeRfRuc i 1y Qfc e PEdABEY 5@#@5&%29 ABnBbai Bed

basically. Accordingly, when onlfy a primary color is
uspchadthesss i e atvard 2984t onexpanddanaenieth ef number

gradations for light ink or dark ink which may in the

saie e ®fs phese. fdheseforpixab, anniioh pteivehasman on
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 cclor 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 urnecessarily increased by

adjusting a number of gradations to be increased by
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is prevented from bei ng unnecessarily increased by 25

adj usting a nunber of gradations to be increased by

-44- | unping together colors in the sane col or phase
system which prevents an increase in an operation

|load to a processor. Accordamgly it is possible to
reduce a tinme spent on processing high-quality inmge
data. 5 CGenerally, in a design of image processing
paLampEher .00k tieadatolor g efnr odue i dprhe t yobbraphasrasystemn,
color and colors in the sanme col or phase systemis
maihitchi peckvisadiscar yindweoseli hglan obenadhby adopdi frar p
color and colors in the same col or phase system are
upe@ceEs arher ddap rbinghant bges teeexpahd BOnuRbeceoR time
gradations. Therefore, an anount of information is
pEEEET & PISIRS By ket @ddhiFY yinageed8E8-by not
perform ng an expansion of gradations, when a primary

col or and cdigterathyt ht sanfedsPBr CphaBadsy Bramessd ng
used, “Q%fh preventé‘gs an incr$ase?i$.€n operati Qn

| RF S 5 5o e Bt I o R TGTYC TR 55 086i B @7 0FaTY
SIS T PEE 2 SARE LR SR QU b T

C ere e a case

ggnafdigfaag]%fd bl & 9L ! onAééoféiﬁglfg' Y RER! énqgegn%gtimary

urring on a tecording ne fm dependin

Kind of L6806 58s B4 UAE 8sRECHBLLY RneQUIAfsiaPelre used,
in which blurring tends to occur, there is a snal

Fﬁgﬁﬁ?e of B Lxpansie 06 8xp8alli NnuiBERO¥eT grdllations.
Téirefore, 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 icad to a processor.
Accordingly it is possible to reduce a time spent on
processing high-gquality 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 depending on a
kind of recording medium, especilally a regular paper, in
which blurring tends to occur, there is a small effect
of an expansion of gradation. Mocreover, an imageA

recorded on an OHP sheet forms an entirely wash-out

image having a small dynamic range since it is enlarged
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recorded on an OHP sheet forns an entirely wash-out 25
i mge having a small dynamic range since it is

enl arged -45- and projected by an projector having a
smal | amount of |ight. Accordingly, there is a snal
effect of an expansion of g4&dation for an inmage to
be recording on the OHP sheet. On the contrary, an

i ndi vidual recording 5 dot can be reproduced clearly
oand poatiedtsabdry @n Progiosmr gupekng oa wiihahl gamount of
recordi ng agent receiving process has_been applied,
wAiiglhti-nc Aeases il of fidarofis h Fwdphhsebhest of an
gradatiaon. Therefore,, when recordin [ e on

r EFRPRE ISR &L TR G Sidet@hnt %2‘20 aﬂggggﬁaﬁﬂ?ng on
D SHRhralib S St en 17 omaorhgaar redBrding
R R TS DTN b Savhebhe 820
PRI, PIb AR U I £ RS AIAS LB FcBixing

ti t i hi . al i . e i
B Inghé§1bé&§Q£§§%?%%, P ayal htyehgpgecdat ar Bkt of

a program can performthe inage

Proc eSS 4k 1B hod @e£aL0ifg, t oThdee PHEEENhehNYeBbrAAng an
on a | owcost recording nmedium a |arge 20 vol une

diistddedWr o B TOPYp £5Er ber aghi ®NBdshbbti hiigh has a
non-vol atile nmenory, a long-term storage of such as
pragrlam e de &€ haevetbafstdhesfioaenusbaceofegentations,
conputers are normally or optionally equi pped with a
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 locad to a processor.
Accordingly it is possible to reduce a time 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



recordi ng medi um readi ng device such as a flexible

di sk 25 drive or a CO/DVD drive, the programrecorded

on such a -46- recording nediumcan be easily

installed in a computer. The present invention is not
limted to the specifically4ghtsclosed enbodi nents,

-and variations and nodifications nay be nade w t hout
departing fromthe 5 scope of the present invention.

- F2coCdANIS MEAINR iRy & P rafeisky ngn st hbrd for @ computer.
producing recording data fromfirst inage data

corr espondi Mg & LS FHehTHTSRE LR t hS anPF r $imhbRBetECofhe

GLa02L1 005 5028 13 SUBP L0 L0010 00, (LR, 408 o

PRI R0 O L A O BE LS DU
i sing: .10 j N [ data b

COE ) G, "Gatendy e a3 by

that can be output by said recording apparatus, the
second i nmage data having a second nunber of
gradations; producing third i mage data based on the
second 15 nunber of gradations of the second inage
data so that the third i mage data has a third nunber
of gradations; and producing said recording data by

applying a
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hal ft one process to the third i nage data, 20 wherein
producing the third i mage data includes adjusting the
third nunber of gradations of the third imge data to
be equal to or larger than the second nunber of
gradations of the second i megfe-data in accordance

Wi th a nunber of colors for each pixel used 25 in the
second image data. ---- - ------ -48- 2. The image
processi ng nethod as cl ai ne&dL2BMEl ai m 1, wherein, when
the second i mage data is produced wusing only a
primary color that is one of cyan, magenta, yellow

and bl ack, when the second i mage, data i s produced 5
usi ng a secdnda@dp datage t%&%%s:amanlsz%la%doiosnpyomslng

g%& %%ﬁé%ya l thehnageﬂta the ?s §$%§€%%%Q§g$i ek to
S i aﬁﬁ'&r&ﬁ{aaat%*ym@%é”e (PG pigns 96 as to
o ?%Yn%htnu%ber Agfhn %Sr LIPESE% S QReitRs 80paabine,

%% sﬁﬁ% ok il i@WSQ'QUmﬂePﬁg?eﬁr?Eatlons

gra ry co :-SI a nu

grs%a_treqnscrféfn e SBCONdalMSor Of £ ﬁrﬁaﬂmﬁg Othe image

gradations of the tertiary color” he |nage

PIRACRRYIIG JTRtb @S Sh@d T@Than  Clai m 2, wherein when

the primary color is used in the

producing second image data by converting said

first image data into a coleor 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 preocess 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.
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second i mage data, producing the third i mage data does
not increase the third nunber of gradations so that
the 20 second nunber of gradations of the second inage
data is equal to the third nunber of gradations of
the third imge data. 4. Thé8tnage processing nethod
as claimed in 25 claim1, wherein, when colors used
in the second image - - ----- - - ------ -49- data

are in a onézcoﬁﬁﬁepﬁ%%%es@%@%ﬁ?ﬁh@gn@eahpﬂeﬁénplalmed in

bri_ght ness, when the colors used in the se&gnd |na%
QSR &7 BE R C T pHB S 353tentMaRE WAER fReProduced

colars used in the second, i mage data are i athre

oy, s@ﬁ@,ﬂawoﬁe&%g #6 1 Phe; gsyaafamagentar
lnCHHSeS (#ﬁgﬁﬁqgat -@héﬂg paobes ?%a8%ﬁ8g5|09§ roduced

I NCreasli ng

gaftgegébzndé%%scéf f'a{héf.ylé‘ éeﬁx &‘cﬁ?éth oﬂly two of

ns O a co In t e one-col or

V@y M ife anaddemirbern of v 91 800t LAAS+AE B1GRKON ARy
the t col

or phase systen15 a nunber of gradatlons

of et Ay dddh® ihdgeeqsohoisppasguserat a8lingda thetiary
i mage processing nethod as clained in 15 claim 4,

wheylein when ides ol REsrénofhehese- 66l ehepbgan, Instem
are used in the second i mage data, producing the

t magknimgetitat gebes antl therbasekt hproducd ngunder thfird

gradations so that the second nunber of gradations of
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 colocrs used in the second image
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the second image data is equal to the third nunber of
20 gradations of the third i nage data. 6. The inmge
processing nethod as clained in claim1, wherein
producing the third i mage data includes adjusting a
rate of increase in the thi+gbnunber of 25 gradations
i n accordance with kinds of recording nedia -50- on
which the third inage data is recorded. 7. The inage
paecessiragimebhodeasodloai pidsen sydtinn g viserei hferent
producing the third image data includes 5 adjusting a
rBréghtnesss eabeni thehedlinsd uaahermn dfhyrrpRETSnET358C
that the rate of increase in the third nunber of
gdatiat o Whed tECOCHLRF i@%ﬁeﬁ’fs‘df%“orﬁ%d Wk ehhe
print paper is Iarger t han the rat I ncr ease n

t Belemsr dseeniidr tée @r‘fé&m O3 Gh Faec%?%lﬂr@ ?stfiéee“

performed on ot her rlnt ers |ch ding a_non- § ?ged
pEPALIpBpES ear"?d’sé"eﬁf'mpéfﬁ THeet® t et ToatBaBr PR

pager beln%ﬁgeﬁ%%ed W@ &?} ordlngr gfn%r%8§§%¥hggof the
h I t
18 iy ra%%“%s“%g%?f siﬂéd?%%”‘%?%?ﬁngﬁﬂb%%og?in

L@{ d%% St!rnsg b %a%fs r§ o8 8p; LABHEPPRACRSRALRE of

or produci ng recor Ing data fromfirst inage
20 G eSPAUNdidg, o 05 2aCke PAXEL-WALD BhEEESEystem = a
er of gradations so as to supply the recording
d%ﬁ%ﬂé%f%f 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 one-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 equal 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
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recordi ng apparatus, which expresses each pixel with a
nunber of gradations smaller than the first nunber of
gradations, the imge processing nmethod conprising: 25
produci ng second i mage data by converting said -51-
first image data into a col es0space that can be out put
by said recordi ng apparatus, the second i rage data
having a second nunber of gradations; producing third
i eagehdabha thes ¢ ig timesechiie 55 meberdad. gradati ons
of the second i mage data so that the third i mage data
has a third nunber of gradations; and producing said

recording data by applying a halftone process to the |
thlrd |nage d'até’-)i1 é?ﬁoﬁ?%ﬂh%gh@egh%dtﬁ?r&lﬁﬁﬂﬁé in

t th t.hi f ,
GPAdA dris BF RN M TG st i T bBe R drt o tppiudes

Iar er_.t.han the se nd nunber of gr tions _of,the
s SN S &aataeiﬁfola%%%er%%ncﬂew@? o ER kb Roor

gr%rdsc‘aé:l%ff)hse%%h t@{ ltﬂése%allté'Sof ”Agfeéé?&%ﬁ Ji:ﬂggﬁglrd

e recor umas clainmed in ¢

"\'*91%@&’ d’ﬂ“%ﬁa‘cﬁ%ﬁﬁ?%ﬂ r@&@oﬁ@iﬁg' $s PEOHES e HS] bﬁga

only a primary color that is one of”cyan, nagenta,

yeldaaw ki edepashers ther $e6odah "ege #ata b$ increase
produced using a secondary color that is a m xture of

olerny kttnw t0fird hREntean, of heradgendas thenyettewdand the

b;iifo;zzg on other print papers including a non-coated
print paper and a projector sheet, the cocated 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:

preducing second image data by converting said
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when the second i mage data is produced using a
tertiary - color that is a mxture of three of the
cyan, the 25 magenta, the yell ow and the bl ack,
producing the third -52- inmage data includes adjusting
the third nunber of gradat+®hs of the third i mage
data so as to satisfy a relationship "a nunber of
gradations of the primary color < a nunber of

gfadati dnsgef dalte sedendargpleot gpaces whatunber e output
gradations of the tertiary color". 10. The recording
nodi emids refairddad mrragiahug, Wreragerimhelmage data
primary color is used in the second image data,
phagdaong sreond mamhfiy e AR Tt 10 i ncrease

the third nunber of gradations so that the . seco

nunber of gEHEﬁ%VEHE?o%rFﬂi Yrdh ?E%g%aﬁ%gaopsgge second
equal to the thjrd nunbe f gradations_of the_thir
et Srs Rt oD Seddia Tarid e de 4F5rrag Frat

cl.ai m_.8, wherein, en. col or ' e.se . .

i &eHE%ﬁg %ﬂ%?%rg%¥%;h§%o &ixﬁﬁggghgvé e%?hgggﬁatlons'

difgfrent bri ght ness, when the colors used in the
second image data are in a two-color phase system

and when the,20y,60{ .0k Ss M58dr & Aot Hengeqed bgaa?ﬁg%%g a

are in a three- color phase system ~produci hg

t W1 ddrRog Aates s | 18| ude sttt @sihaget bet&hi rd nunber
of gradations of the third imge data by I ncreasing
the third nuhereDi pasadaihgnsheothsrdoinmagesiduta

relati onship "a nunber of
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 produ;ed using
only a primary coler 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
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25 gradations of a color in the one-col or phase system
< a -53- nunber of gradations of a color in the

t wo- col or phase system < a nunber of gradations of a
color in the three-color phase systenf. 5 12. The
recordi ng nmedi um as clai med-5&-claim 11, wherein when
the colors in the one-color phase systemare used in

~the second i mage data, producing the third i mge data

dams geotdaitrc rieasierddwe adyjust imgrbgre ofhiygd adhambenso$o
that the second nunber of gradations of 10 the second

| prgdagaoas ledhd tointhelnadge Hatmbee af tgradhipdksa
of the third inage data. 13. The recordi ng nedi um as
clrgilmdd anshdimai i BkiHeret I iGut?™y ehetbfi PEiMARYe
dat a inqéudes 15 adjustin% a.rate of increase in the

t BPL@IndFroRr RerPeyr a8afr8fatiRngc Odr #8fc Safanfaghdplor

of recording nedi on which the third imge dgta is
ECOHIEET P SHRSTEOII g TRt Tr ST BY af AbaT I n cl ai m

20 13, wherein producing the third i mage data includes

adj usting a rate of increase in the third nunber of
gradations sy !hafnd NE.Lats0h h0gtaasEs! B1hIRtNitd c1aim
nunber of gradation when recording I's per orneg on a

COnt eI PAREILAS JANAREy (BGMoLNEsT 3E8a0nl REECASRONg
25°in the third nunber of gradations when recording is

- Yrarerdprdre et ied PHé nthpa@elsabachddbhNgods not
non- coat ed

increase the third number of gradations so that the

IA

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~-ceclor 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 so as to satisfy a relationship “a number of

gradations of a color in the cne-color phase system = a
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print paper and a projector sheet, the coated print
paper being applied with a recordi ng agent receiving
treatment including a coating treatnent on a surface 5
onto which a recording agent including ink and a toner
i s adhered. 15. An image fordng apparatus for
produci ng recording data fromfirst inmage data
corresponding to 10 each pixel with a first nunber of
ghaBkerors sdagatieorsupdl v IRl IR ot ditR) HHRaCPboR Phase
recording:part, whi ch_ expresses each pixel w,th a
nG¥BEETOF of SUATPBRSCENAFRERTIPRENCENE FPASE Adntde of
gradations, the image forn ng apparatus conprising:
15%58ﬁffﬁﬁlﬂb§ﬁ§ﬁ%3 Y8t ng second i mage data by
converting said first inmage data into a col or space
that can be output by said recordi ng apparatus, the

second i mage fat %H@Vﬂét%?ddﬁ?%qggdf&ﬂbggaefé imed ﬁze'l claim

gr adat i ons; “prioduci ng e data bas on 't

S8GONGH2Q iHNRRIN M dragaldons, ofnd hensecondri PRYC.

data so that the third inage data has a third nunber

ofs @At RN SiseANth ATRAUSd dh$ ai fla g &COE i Ndpdatiachig the
applying a halftone process to the third i mage dat a,
2% nalier ik geidhteordded rmantn ecb usé sthdethbrddnufbber of
nunber of .gradations of the third image data to be
equaldatticrer darget ttten ddeosdcomdbannbergoédations of
gradati ons of the

the second image data is egual to the third number of

gradations of the third image data.

13. The recording medium as claiméd 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
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second i mage data in accordance with a nunber of
colors for each pixel used in the second i nage data.

5 16. The inmage form ng apparatus as clained in claim
15, wherein, when the second inmage data is produced
using only a primary color thét is one of cyan,
magenta, yellow and bl ack, when the second inage data
is 10 produced using a secondary color that is a
mperdiogmefd conlofeso pofintheoayers ihelwdyenta, nohecoated
yell ow and the black, and when the second i mage data

| PrANGd PeEe uSingg 2 avltcza:rqqtamy ok, tHae fea2beni Rriupé
of three of the cyan t he magenta, the yellow and the
bP&(PI?r ?ﬁﬂalgcaﬁprldiedw%r% LR QS LN hade Rt r BeREABERT

adat i ons e third jmge data so
S eyt dins U&fﬁrﬁ g --%oamf%g?r%%t@?%aﬂloﬁssarf@ﬁs
pri col.or. < er of a ns _of_the
sé’@g%dgﬁ}ﬂ}c@ol b oer e PakhRfBaoink e 2 tonex
rt| 5¥:ﬁ§i°r" 20 17. The image form ng apparatus as
Ialne ‘claim 16, wherein when the primary col or

is used in the second inage data, said control neans
does not increase the third nunber of gradations so

that the second mrbgrs obrfiA ahp99§a9ﬁstﬁér5%%%@%c1ng
image data is equal to the -56- third nunber of

gradaiddingg afatder tdi r i + $RgEmegd adad8. cdheekfBEBing to
form ng apparatus as clainmed in
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 second image data
by converting said first image data into a color space
that can be ocutput 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 said control means adjusts the third
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.cl ai m 15, wherein, when colors used in the second

image 5 data are in a one-col or phase system having
di fferent brightness, when the colors used in the
second image data are in a two-color phase system
and when the colors used inr58he second image data are
in a three- color phase system said control neans
adjusts the third 10 nunber of gradations of the third
i magbedatcs gy adatcragssiofy the thirxd vaperdata to be equal
gradations so as to satisfy a relationship "a nunber
oftogpaddeiraesr dhan ﬁhﬁ(ﬁquﬂdrﬁpmﬁﬁﬁc%fogrﬁﬁa§e0ﬂs of the
system < a nunber of, gradations of a color jin the
t WESOBI 0 “ﬁgﬁsé%tlé}nic%ﬁ%a%@t%fag?%ﬁ?%% gplors
a color in the three col or % ase §ystenT 19. The

|

i rede SAGT PG SHp st v & i tMage afttds,

wherein when the colors in the one- color phase 20
system are used in the second i mage data, said contro

Teans does NGl | ngeang.Lheci bt donuaber 0l 9cadatiana g i

so that the 'secon hé “secon

tgan, el g ke b te supetgl giegeton

f @Jﬂ@dﬂ&éﬁﬁﬂ{ﬁ{dﬁoﬁ Ch %f@fﬁiai:f &b8bM Rat WMI8r 8he 8 dyan,
control neans adjust's a rate o increase in the third

nedermef, gfeddiatv Qiisd i SEEPr wlagsethad BckhAdsmabe data is

recordi ng nmedia on which the third i mage
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 gradations of the
third image data so as to satisfy a relationship “a
number of gradations of the primary coclor = a number of

gradations of the secondary color £ a number of

gradatiens of the tertiary color”.

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
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5 data is recorded. 21. The inmage form ng apparatus as
claimed in claim20, wherein said control neans

adjusts a rate of increase in the third nunber of
gradations so that the 10 rate of increase in the

third nunber of gradati on whB6- recording is perforned

on a coated print paper is larger than the rate of
increase in the third nunber of gradations when

r ébdmdi mgnibe perf yreedh oo hef phéenthipdpémsge data.

i ncluding a non-coated print paper and a 15 projector
sheet, the coated print paper being applied with a
recordi ng agent receiving treatpent including a . ,
coating treathentThh H39ef BeembRE o2 RRRERTHSr 86ocdiddged 1in

RGO At e R S ST edER (6 P $5cond inage

wherein sai,d control ans ﬁerfprns a zgontng pr%cesst

alf o& (S tohe prEces’ CoPNA | FAgE ToP i nEYs feameer
hsing:. 2 i ' t hat .

pPogaad sy Wik P PLBFE e e, PR EDE! HBgh hdgace

C{fes pandi g &I%w@%@l@f*@ga#tQg@téfgtsgngu{mgﬁ e

gradations so as to supply the recording data to a

I A NG, NAY tin W& Ns e €XPK e§1§§?e egghaphXxel iW Nt ree-
nunber of gradations smaller 5 than the first nunber

Of c A PR LS | s Pk diiTROSa { @ BbRYraPPREAhESatiRakts the third

performs a zoomi ng process and a hal ftone process to

t Fgmteeorslf ngradations of the third image data by
increasing the third number of gradations so as to
satisfy a relationship “a number of gradations of a
celor 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”.

18. 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 egual to the third number of gradations of

the third image data.
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data supplied by said i nage processi ng apparatus so as

to produce an image corresponding to the recording

data; 10 and control neans for produci ng second i mage
data by converting said first imge data into a col or
space that can be output by5said recordi ng apparatus,

the second i mage data having a second nunber of
gradations; 15 producing third i mage data based on the
second nunmbe&0.of Tigr ddegeontowiinheapproatusnragecdataed in
so that the third imge data has a third nunber of

geddati dis; wanedeipr caicl mprsaral e 3@l wsta pyrate of
applying a halftone process to the third inmage data,

26 n@Eeasien 1gaitdrec diinsl s &ff u%Jf%d%?eO@ﬁu @ accordance
nunber of gradations of the third i g

CHAAP Ki5 By HiarGeo e (it T
gradatlons of t second i mage data in accordance
wieh 3a QQQQKHors for each pixel used in the
second |nage data. 25 -59- 24. The inmage form ng
systemas clained in claim23, wherein, when the

second i mage, dat ai s ;I ngggmyﬁ'ggpggk%téspggnﬁp ﬁed in

color that i's one of Cya nagen ow an

té;h%osem{&émgseap@t@oﬁ@rél %QQngQd‘jﬁbEg 8 rate of
seconda t he

ry ‘color that i's a mxture of only tw of

CYdbrdie nageta, tHhed vahdowt apsl §hedablask, sandnwherne

the second image data is produced using
rate of increase in the third number of gradation when

%fthlrg image

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 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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atertiary color that is a mxture of three of the
cyan, the magenta, the yell ow and the bl ack, said
control 10 means adjusts the third nunber of

gradations of the third imge data so as to satisfy a
relationship "a nunber of gbadations of the primary
color < a nunber of gradations of the secondary col or
< a nunber of gradations of the tertiary color". 15
2F¥ecthdimuga faorimom Systtemesge| datedconrespandidg, to
wherein when the primary color is used in the second

i eegd dariel sHith corfi¥nst muamizeroef poedahteeaseo aleto
third nunber of gradations so that the second nunber
269PP gt ddut iTRTerAinhdlaer ol # nagecsdiadi Basguakhigh
the third numher of gradations of the _third inmge
dEERTESFES ARER MG F I h? SYSTRAT a8t cPERAREIPAS smaller

cl.aim 23, erein, en colors . used in the second
Cidied e i D GheTtaraRERE e byst om havi ng

different -60- brightpess, when the colﬁés usedéén t he

second inagéﬂldgF% Ar °¥%i%gtaBP%5FBPSp .gg E§§ mre @
?n%éaveqlh‘%{!;e{é{k%ccoﬁ%gér oa[prﬁd used | pe L& éfgc?&gs' E’Bgﬁhgg%%c%rr%ing

ase system s control ne

adj st ssuddis £ el %Mbﬁﬁm%% gﬁ@é@gwﬁgeg{;g%gsﬁgi 4 as

i mage data by irncreasing t Ird nu

grRfdqdd Qifcs tdSihdye SEF BE¥pEnaEhat tONEHEPreBoRHARE data;
of gradations of a “color in the onhe-col or phase
swsieem s a nunber of

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

a 10 nunber of gradations of a color in the

t hree-col or phase systeni. 27. The imge form ng
systemas clainmed in claim26, wherein when the

colors in the one-col or phasg%-15 systemare used in
the second i mage data, said control neans does not

i ncrease the third nunber of gradations so that the
second nunbetd of Thradindéoasfofming speban abmejdeidea in
is equal to the third nunber of gradations of the

t eiled ™ refge hake R0 WEen THee | Atgend ot hREg dfseemsas
clained in claim23, wherein said_ control means
a@ﬁﬁﬁ%?%?rQﬁ%?Qﬁ0n4md¥d%%%m@ﬁyt%%l?ﬁlFaaﬁuhﬁepnéfOf cyan,

radations in accord kinds of recqrdin
%@%Wm%ﬁq%e&ﬁ%wlﬁag Ska %@Fen eiBrigqdaga is

9 JThe .inmage orm o system a ained in %Ialm
S ot K e el S i Lt a1 Paf gt o
| %%{1%?3&75 bt Nnd Mg gy nuberolo gradatiangesg lhat ot e

rate Increase’ | I'on
5 %ﬁg!dl r a e
|§?ger t n tE%?fQ?% 0 C?ﬁ%r%ﬁ% éiga?%e h?§§ n&ﬁ?éuSlng

0%.ﬂHﬁE¥H£§”§bﬂ$¥”EE£@O£Q'ngiﬁtﬁﬁéfefnﬁﬁrgg QEN&he cyan,
print papéers including a non-coated print paper and a
the magenta, the vellow and the black, said control
means adjusts 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”.

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 equal 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
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proj ector sheet, the coated print paper being applied
10 with a recordi ng agent receiving treatnent
including a coating treatnment on a surface onto which
a recording agent including ink and a toner is
adhered. 30. A program for €@@sing a conputer to 15
perform an i nage processing nethod for producing
recording data fromfirst image data corresponding to
ekeh gpitxeisswi tihen filrstcokprerusdd giadelie onecendasmpge
supply the recording data to a recordi ng apparatus
WEBGR @S dis a5 EIRTEPIoRIPRATH 2 PibfBer 208 yhasathens
20 smaller than the first number of gradations, t he

| RGO SpISEES sith - et TRPROMIPFEF ng2 Tpr dBBIciRg2sERERE~
R R BT O RIS A R S SR
Rt R R R T E R W A
b - : ' d
A HAANE SR MR OL OF 202LARESRL LhCpReRe
n;ﬁ%?:%rbsﬁ Dracadd '%}gnda %m@y%fggﬁaagt&eﬁgg@'fng

d y "applying a tone process to the thir
! rm%xdaﬂr@,tw@%ﬁérbcpwﬁ%@getﬁgst@mrg I ATBaemoaL & £

includes adjusting the third nunber of gradations of
thfge:adéﬁir&ls Bges dad Bot Ol hecggUehot 8006 x| BhESE BR@Rem =< a
t he

number of gradations of a color in the three-cclor 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
sco that the second number of gradations of the second
image data 1s equal to the third number of gradationé 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.



10

15

20

25

10 second nunber of gradations of the second inmage

data in accordance with a nunber of colors for each

pi xel used in the second i mage data. 31. The program

as clainmed in claim30, 15 wherein, when the second

I mage data is produced usingélenly a primary col or

that is one of cyan, magenta, vyellow and bl ack, when
the second image data is produced using a secondary
color that i2%a ik uimagé Datyingospbtemhescyadnimelde in
magenta, the yellow and the black, and 20 when the

S |2rBageﬂmaam sﬁapw@d@@@ﬁr@%umgaTaSt@dﬂuaty acekse of
that is a mxture of three of the cyan, the nmgenta,
tﬁ@%a%ﬁmﬂahotft%éﬂbu%knwbb%u%ﬁ n@r@ﬂét@ﬁn?dsq hgé the
data inc]udes adjusting the third nunmber

QAR (NS IETARE CH] e niiger SaR AeB a8 Er Gradef ipp yhen
I h f_grad _
Pt e T R e LR gaesﬁdé%ﬁyarger
| h t n
S%h%ﬂwet%pero rg:noggs cr(gj‘?e?rée%glnj?n hé Eﬁigr b BF& %\rmen

proﬁl L t cﬁrl(rf c&?&f’n%a% geﬁSQHQd bﬁag%h@%t %rlnt

I mage oes not I NCr ease

E:lar M”ﬁ%lﬁu@{ aad%&ﬂéﬁee&hﬁhh{aepagégoaﬂdnlzmber

gradations of the second image data 1s equal to
t herdf dbNusthest Of 198 ad@atOASpPinthgabBirr BelB g ARG ied
data. 33. The program as clained in claim 30,
with a recording agent recelving treatment including a
coating treatment on a surface ontec 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 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
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;
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wherei n, when colors used in the second i nage data are
in a one-col or phase system having different

bri ghtness, 15 when the colors used in the second

i mage data are in a two-color phase system and when
the colors used in the secef#-inmage data are in a

t hree-col or phase system producing the third imge
data i ncludes adjusting the third nunber of

gr adat i ons gfrachecirnyg richindgenaae adbya 20aEadr easthg second
the third nunber of gradations so as to satisfy a

r avmbieonsifi gredatidiey of thadetond brage éafar spnthat
t he one-col or phase system < a nunber of gradations
ofthg ddiigid ilmagse daki dm ora pHaked syeent <04 HEABaE16RS/
gradations of a color in the three-color phase 25
sﬁ%%%nT. -64- 34. The programas clained in claim 33,

wher ein when the colors_in th - col tem
e used | m A AT T HAGESRAT AL oy UBLEI g ERE AR 2
i data d t, | the,third, number of 5

o FAATONS O THAY T he Secont RUBer= of - §radat i ons of

th d i ta] | hiy f
oradati ons OTTRE THT AT SRNE Solar TSED TRATEr Sram as

cligidRtd N HLAide 30 cHd Whergi RuRbeduseng hRStEBhsd of the

i mge data ircludes” adjusting a rate of increase in

t hey ity ridodyi et £t o Badagh eNStbNoACTAFgaRC e hWint Rhe

kinds of recording media on which the third inmage

daferdrid megMsletbf 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 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, precducing 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
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15 36. The programas clained in claim35, wherein
producing the third i nage data includes adjusting a

rate of increase in the third nunber of gradations so
that the rate of increase in the third nunber of
gradation when recording is-pérfornmed on a 20 coated

print paper is larger than the rate of increase in

the third nunber of gradations when recording is

perilererl annelher PEi ALapapérssi pd fdiengERNERTbRAREPr =

print paper and a projector sheet, the coated print
D ap ST T P A AHAF W O ror U R aEntol 8Earvi ng
25 treatnment including a coating treatnent on a
surface -65- onto which a recording agent including

ink and a tQﬁf! %ﬁea§P§5§9m as claimed in claim 31,

- 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.

33. The program as claimed in claim 3b,
wherein, when colors used in the second image data arxe
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 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”.



10

15

20

25

~64-

34. The program as claimed in claim 33,
wherein when the colors in the one-color phase system
are used in the second image data, producing the third
image data deoes 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.

- 35. The program as claimed in claim 30,
wherein producing the third image data includes
adjusting a rate of increase in the third number of
gradations in accordance with kinds of recording mediz

on which the third image data is recorded.

36. The program as claimed in claim 35,
wheréin 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 récording 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



—65-

onto which a recording agent including ink and a toner

is adhered.



