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PRI NTING | NK CARTRI DGE, | NK SUPPLI ER, AND RECORDI NG MEDI UM 5 BACKGROUND
OF THE INVENTION Field of the Invention The present invention relates to a

techni que o g distribution of ink dots of respective
colors on %&@%‘Hﬁﬁ‘%% so as to print an inmage expressed in a

wi de range of napgrlTRe §?§TE@95§1{1M IcORTROIILRAR, Rﬁkﬁﬁ@@né\mr’#ﬁhmﬂm i nting
apparatus that ejects ink droplefs of 15 various color inks froma pr|nt
head and t hefsaipypespr ERCESORIING PRJNTANGNAPERAETICK) METHOD GF (RRINTING,

medi um four color inks, that is, cyan (C) , nmagenta (M, yellow (Y) , and
bl ack (K) IMKeCAmIcD&JE,y TNRe $URPLIERat éNDnIBF@@B@IaTﬁdMEPﬁH%‘ an i mage. The

printing apparatus regul ates the hue and the |lightness, which 20 are
i ndexes epresenting the color SO as to print an inage expressed in a

w de range Iﬂﬁnﬂﬁfnithat is, the "color' or 'tint'

such as red% dﬁ§%ﬁ3 |s regu éi y changi ng the ratio of dots of the C,
M and Y inks jedednd nypddiady i nt head. The lightness is, on the other
hand, 25 regul ated by changing the density of dots. Regulating the ratio

and the density offhéopseseratixventivn e ledspetdi v &ecbindiquei Ak st ormine

printing nmedium enables a printed i ge to have a wi de range of natura
col ors. Somanr edeauiaged@dstspbatpprnet nilaidaris TaSBEFEGHE 9° DR SEM enber

2003 . 10  a printing medium, so as to print an image expressed in a wide

range of natural colors.

- Description of the Related Art
In a printing apparatus that ejects ink droplets of
15 various color inks from a print head and thereby expresses an
image of natural colors on a printing medium, four color inks,
that is, cyan (C), magenta (M), yellow (¥}, and black (K]},
basically used to create ink dots and print an image. The
printing apparatus regulates the hue and the lightness, which
20 are indexes representing the color, so as to print an image
expressed in a wide range of natural colors. The hue, that
is, the 'color' or 'tint', such as red or blue, is regulated
by changing the ratio of dots of the C, M, and Y inks ejected
from the print head. The lightness is, on the other hand,
25 regulated by changing the density of dots. Regulating the
ratio and the density of dots created with the respective color
inks on the printing medium enables a printed image to have
a wide range of natural colors.

Some recently developed printing apparatus use light



cyan (LC) ink and light magenta (LM ink, (additionally light vyellow (LY)
ink in some cases) in addition to the above four basic eglQhiehibés20(80 as
to significantly inprove the picture quality in an area of high |ightness.
In the case where an 5 image in the area of high lightness (that is, the

hi ghlighted area) is printed with only four color inks, C, M Y, and K a

sparse di strepahi @t} HekCaaadl Mdotns:gedesi(r.ah| ynrpkesadhesmhade) $ignht
conspi cuous and thereby lowers the picture quality of the printed inmage.
The phenonmenpalbbéwnbkY hginkhel rdetomec caspisgubnsaddit bomors erhe la® ofrieC Fone

quality is exgressed by the term'poor granularity'. It is difficult to
reproduce t hB2FhadgePlohiidtit iSohafi 8 $EgkEicanbly iimpysara thiet bickuare
sparsely di ibuted dots, This_.is. alsp the reason of the poor_picture
qual 1ty of LIRS HEELIER B Corat o (e R ORARS L ihe EBt SeBPornEEY ARe, C
M Y. and K idage dai sref obls L aiith bM< pedhtianalde hYghakqhBeqome
occasions) are, on the other hand,” not so conspicuous as the ot € 6f the C
and M dots aade&hetebyrioedotitioveily oy cidiree guwddd t o of1,t ke Bhahki ght ed
area. The LC and LMinks enable the dots to be formed at a higher density
20 than the Tshayrsq daksribuitdoncthe ¢ agd W dodlsl esdeeprall tiadies bhethe
image information with regard to the fine part and further inproves the

pi cture qual$?y° BESRISEYS aRdsderedis dRYCTEND D PLFtIAG Epphl Y @f t8fng

¢
the six col j N udi t L nd LY inks (or. the,seven color inks
e her 5o Brdite S Rl dondlth F hBKSnond 08 RCYERSE0ERbu

hi ghl'i ghited &5 garsHie tid §fi cRl-ePELALERY BPRALM IS dNHMIHRILERRS e HSENY
the light inks, however, can not sufficiently inprove the picture quality
in an area ofrdrowidiigthy hess {t hats | giffheushadow Zedprcriteenbae 2003ge
information with regard to a fine part with the sparsely
distributed dots. This is also the reason of the poor picture
quality of the resulting printed image with only the four color
15 inks, C, M, ¥, and K. The dots of the LC and LM inks
(additionally LY ink in some occasions) are, on the other hand,
not so conspicucus a-s the dots of the C and M dots and thereby
do not lower the picture quality of the highlighted area. The
LC and LM inks enable the dots to be formed at a higher density
20  than the C and M inks. This accordingly enables reproduction
of the image information with regard to the fine part and
further improves the picture quality. Because of these
reasons, the printing apparatus using the six color inks
including the LC and LY inks (or the seven color inks further
25  including the LY ink) improves the picture quality of the
highlighted area.
The prior art printing apparatus including those using
the 1ight inks, however ,. can not sufficiently improve the

picture quality in an area of low lightness (that is, the shadow



area), because of the reasons discussed below. Especially the printing
apparatus using the light inks have an insufficient inps9YeERberdnopi cture
quality in the shadow area, while significantly inproving the picture
quality in the highlighted 5 area. This problemis explained with an
exanpl e of a gradation pattern fromred to black with a gradual decrease

in lightnessarede pe@la@ice $£Ehed SctSHK OMGRA R by e %éimﬂeﬂl@ gaks and
yel low dots. The Tightness is |owered by addition of cyan dots 10 or bl ack

dots. Formatpmimiofndlaglarois asingdttot 5igakemihdaviel ackidstsfexiennel y
conspi cuous in an area supposed to have a honbgeneous color. This results
in the poor HieeNereny inTpdcdyre cfuahihy whi Ehei shasiow exesa aryhider ed
are also rather . conspicuqus on . the red dots, although the degree of 15
conspi cuous osEn HELTONERY AREROHAE 1e Phé CHF aitosy 10 ténid SohigRteFan
dots on ked thus also results in the rather poor granularity. As in
t he case of e highlighted area, the use of the light cyan ink :

effectively inproves 4 Beondeants alkp¥ i nldom Eh&ury ERWARH Bl Ot §h8dation

i nprovenent in 20 granularity, the light cyan ink is nost preferable over
the cyan i nkatanr feobl aedk tionklack fwdrth dgiradmedr débeetied icol sghtAddst i on
of the cyan dots or the black dots on the red dots having a sufficiently
| ow | i ght nesEhe KoWeer' redoed snsePrarBce ey avistt Wi 9 fomagkratpl deksderd so

COMSP CUOUS s SPRRY S 1o £ S LAl R di¥Slop TR B
T LT A0 4 FISCHTREES.EL ol LN 1 RSBl 0, kA Lo,
duty. 3 23 SieMmts2@R®3Iremely conspicuous in an area supposed to have
a homogeneous c¢olor. This resﬁlts in the poor granularity.
The dots of cyan, which is complementary to red, are also rather
conspicuous on the red dots, although the degree of
15 conspicuousness is lower than that of the black dots.
Formation of cyan dots on red dots thus also results in the
rather poor granularity. As in the case of the highlighted
area, the use of the light cyan ink effectively improves the
granula;ity. From the viewpoint of the improvement in
20 granularity, the light cyan ink is most preferable over the
cyan ink and the black ink to form dots over the red dets.
Addition of the cyan dots or the black dots on the red dots
having a sufficiently low lightness, however, does not make
the cyan dots or the black dots so conspicuous but keeps the
25 granularity at a fair level.
There is a restriction of total guantity of ink ejected
per unit area on the printing medium, and it is impossible to
heigliten the density of dot formation limitlessly. This

restriction is referred to as the restriction of ink duty.



Ej ection of ink over the allowed density of dots causes blots or winkles
on the printing medium In order to avoid such probl err523g?lﬁpmggljj@}bi3ng

medi um has a preset nmaxi numdensity of dots (restriction of 1 nk duty). The
total density of dots 5 created with the respective inks should not exceed
this restriction of ink duty. When the gradation pattern fromred to bl ack

|s printed, Eéji]é[c LS %%uﬁhﬁd?%gra&ge 18 hleGhbef¥ 80y 0OE s Chasexanl gess.

The color 'r soriginally expressed by a |arge nunber of 10 yell ow dots

and nagent a &Oh&ﬁﬁd@é‘té:@”&% RSEM104S] Ynedifet.MThodraérevenavosansiichunber
of light cyan dots or cyan dots thus causes the total quantity of ink to
reach the resdwiais preadh ipkirdung meditive hesues presetheagingat HeRsSither e

is accordingly a prohibition of further addition, of the light 1 n dots
or the cyan abtdty fresdrdcidencal Hperdtivon, %%nt"?%rdee‘}%%oﬁ% fcjré gin

for the restriction of nk dut | i ght. cyan do e d s to

| ower the Ii@l;?ﬁ#e%‘%. w\?\ﬁbn tl{%ue¥?8¥)lggp Usnt'i kyS o%ﬁ?§£&rggghges§%%§ cflek

restriction of i%‘fcgif'é%f’ofefﬁ@ &Jt§he cyan dots may have adverse effects on
y O

t he 20 granulf%sr’l he resulting printed i nage, the cyan dots i nstead
of the l'ight cyan yals tslogtdakeiéommctdrm Eronhesd tdektacsd st heihtght ness.
When the total quantity of ink again reaches the restriction of ink duty
under the conditsareqiitéd tperdddthe dpiaidemyn otsher itHEt C¥FRnI85Es with
the cyan dots, 25 even i f t he bl ack dots are consgi cuougé?r]:t henpll %%I§: ggts-
instead of The ¢gker doted sHEUPE1H& PRI He*PEeFBF L neY B X8 The

ar adat O frEmHHEH (0 TH adlet ¢ MESEaR dOCEs arct ¢ A MBI ack: dor s aa ot en
used irrespegtive: ot HEI L CONS ALEAOUSIfSfer 23 198Rt eYher dd883or cyan
dots thus causes the total quantity of ink to reach the
restriction of ink duty. In the course of the gradation, there
is accordingly a prohibition of further addition of the light
15 cyan dots or the cyan dots. In the practical operation, when
there is some margin for the restriction of ink duty, light
cyan dots are added to red -dots to lower the lightness. When
the total quantity of ink reaches the restriction of ink duty,
even if the cyan dots may have adverse effects on the
20 granularity of the resulting printed image, the cyan dots
instead of the light cyan dots should be formed to further
decrease the lightness. When the total guantity of ink again
reaches the restriction of ink duty under the condition of the
perfect replacement of the light cyan dots with the cyan dots,
95 even if the black dots are conspicuous, the black dots instead
of the cyan dots should be formed to further decrease the
lightness. In the shadow area (the area of low lightness)
having the gradation from red to black, the cyan dots and the

black dots are often used irrespective of their conspicuousness,



because of the restriction of ink duty. This naturally results in the poor
granularity. The above description regards the exanple ob3RLibhb&Sooshe
gradation pattern fromred to black. The formation pattern 5 of ink dots
shoul d be specified under the various limtations including the inprovenent
in granularity and the restriction of ink duty. The design of the optinum
dot formation pattern accordingly requires a lot of time and | abor with
the trial hadassecrf the rSENMVARN IOM FTHENKNVENT| OFiMisenabpsal Lpirestd 45 esent
invention is thus to enhance_ the degree of freedomin specification of dot
on-of f condi®i 6Re PRPFhIFBHRI-BTEEYa plurality of different inks and thereby

i nprove 15 the pi ,&lgrgb ugl‘%égcir?pg?&?ﬁlgé%fd@r% ie?%“‘fbﬁ{%%rfa}"ﬁ%"iﬁ‘%m ness

area (shadow area). "AU I east par ove and e el ate

obj ects i Stﬁ%thiﬁAdaZﬁ%rpﬁaeteghrftfdagréa&toemam clrHnebedesisn paittlean t hat
creates dots w a plurality of different inks, so as 20 to print an inage
on a primtipg redidtns andud dpbendpaaint tad herdert hht wappbues iodritatdlons
information to the printer, so as to control the creation of dots with the
plural ity ofinglfifiéngnthe|imkerovEieepy il deoRudsrisy #ne| tRegesiTdsttion of f
condition specification unit that Spe ifi e%,dot gn-oj%f condi ti OQ% v% th 25
regard to a®pl #RIFHNY of ThesAesL8Rort | ORhGMENGAPk FHRP T PadT S Abut

i mage data, _the plurali . .RasLc, col j ' Ied nd th-sqne

anot her to géﬁrggggﬁ ghr%égﬁﬁgggo?o%ggtﬁé %gﬁ Qﬁ]ﬁba(%o% a ITahi n V\ével engt h
regi on of | Lglt erghgorption substantially identical with that of one basic
color ink 5 23 Septenber 2003

10
SUMMARY OF THE INVENTION

The object of the present invention is thus to enhénce
the degree of freedom in specification of dot on-off conditions
with regard to a plurality of different inks and thereby improve

15 the picture gquality in a specific area including a low 1ightness
area {shadow area).

At least part of the above and the other related objects
is actualized by a printing system, which includes a printer
that creates dots with a plurality of different inks, so as

20 to print an image on a printing medium, and a print controller
that supplies control information to the printer, so as to
control the creation of dots with the plurality of different
inks. The print controller includes: a dot on-off condition
specification unit that specifies dot on-off conditions with

25 regard to a plurality of basic color inks and a dark ink based
on input image data, the plurality of basic color inks being
combined with one another to express achromatic color, the dark
ink having a main wavelength region of 1light absorption

substantially identical with that of one basic color ink



selected out of the plurality of basic color inks but a |ower |ightness
than that of the selected basic color ink; and a controb3g%®8

output unit that outputs the specification of the dot oh-0 @gﬁﬁ¥@?ons

with regard to the plurality of 5 basic color inks and the dark ink to the
printer as the control information. The printer includes: a control
information input unit that receives the specification of the dot on-off

condi ti ons wWithekeg@rdht @t BRePpLERLI LYy Off Rasiic color imks buma Lbheedar k
i nk, which is output fromthe control information 10 output unit, as the

control inforigitoess atidan tostf of nbhé oselentedthasicreaies #vks @an€hat he

plurality of basic color inks and the dark ink, based on the.i ngu%,control
i nf or mat i on. caherpl dadermahion PBFPYE Uaidothnt satedtELRe RRERSHLGRTIOD

printing, which corresponds to the printing. sys ' S .ahoue. The
present i nvedtithe ¥R Wity Cﬁpg%itgggsaw?‘rg%%%é%% gdrcgac#ll ngqggt]c"gl\?\?t ﬁga
plural ity Ofbgif%%%o Lo 5 AKS a5® 132 82rk Pt odhd PRAA AR &s AiHdtbAgrordi um

The net hod inc es e 'steps of: specifying dot "‘on-off conditions with

regard to a jRkyFahtiynof basi graeiter iiiksiamd:a dackntnklbasédroatinput 20
image data, the plurality of basic color inks being conbined wth one
anot her to exppessumthrimt irecedvers, thhespackfiartiomvehdhe #@thoRa®éFengt h

region of |ight absorption substantially identical \@0 h that Ef_ one.. asic

color ink sepedibdonatWwhEntFeIpTdrkd ithe FLURRIIEYT AloPdSiKs CBaf a *'oRer 25

| i ght ness than_that of the selected_bas] LDk, ﬁ.p% : i-Rg t98hs

with the pl uPafi R GRTEASTE - SBHst %ﬁk‘gé%%f’?ﬁg&ﬂ Jccilg'lrékc in ,Olﬁgggg on the

speci i il OBugfgufchﬁaﬂQt £0-0fd corerdit 1ARSrht ok eo@id 4 @dth€ophatabht y of
n an

basi ¢ color the dark ink, so as to print an image. 6 23 Septenber
2003 unit that creates dots with the plurality of basic color inks
and the dark ink, based on the input control information.
The present inventiﬁn is also directed to a method of
printing, which corresponds to the printing system discussed
15 above. The present invention accordingly provides a method
| of creating dots with a plurality of different inks, so as to
print an image on a printing medium. The method includes the
steps of: specifying dot on-off conditions with regard to a
plurality of basic color inks and a dark ink based on input
20 image data, the plurality of basic color inks being combined
with one another to express achromatic color, the dark ink
having a main wavelength region of light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
95 lightness than that of the selected basic Qélor ink; and
creating dots with the plurality of basic color inks and the
dark ink, based on the specification of the dot on-off
conditions with regard to the plurality of basic color inks

and the dark ink, so as to print an image.



In the printing system and the corresponding nethod of the present
invention, the dot. on-off conditions with regard to thesgliughdpodf
basic color inks and the dark ink are specified, based on the I nput inmage
data. Here the plurality 5 of basic color inks are conbined with one
another to create ink dots and thereby express achromatic color. The dark
ink includes one basic color ink selected out of the plurality of basic
col or inks as a pEinnthry moipoEntsYsieraasththe | errrRspoRiing §5ddiad €thue

different fromthe hue of the sel ected basic 1g col or. Jnk, TQ&kdark i.,nk has
a lover |ighhfReBECERARR HHERNFOD ¢ & EPEcPRACD s?%né&ﬁ%ﬁnﬁlﬂa REIFE K i nk

my al ternatively have 8 dif s ol ik EIPORILL o AT PR BakscOk nkhere

sel ect ed basfPc in ut” equival ent” spectroscopi c characteristics to

those of the a%%-&%aq basig &pkek iAkut Wielhd hatsel ested hasipgutalaakor ink
IS ye||OMIInE, or exanple, the dark ink may be obtained by adding

adequat e5 quart bhkes ebleyannRadanagentiaimky®syitio drive amstdher itk caealhe
addi ng an adequate quantity of black dye to the yellow ink. The technique
of the presenk fintenandntherely exmmss wchrompsisl apaPrty Bie BRIk 104 or

inks and the 20 dark ink on,the _printjn dj ased,on the ec] fication

of dot on- ofifiCeHAESt P%ﬁsb"i‘/ﬁjt% @&%&Ir ankog?ﬂgcfli%@ﬁé’& P?et' %Ipsl,ura?glet% of[fg |
rint an i e.. Thi . : ;e dar k

Pk havi ng PR Lendy Sof crir REC pedffR CEoAgbaete difs ABhERLEIN bavihy dar

plurality of, basikergel Ahel AkreFBis 2BofMiAGase I IRYIRA coftdd @emdm in
specification of dot on- off conditions and thereby inproves the picture

qual i tyiof aolbesthki.ngTpsi dtekl imadeas Specivarn Ng diitmedet tdwrofthadowdi ti ons
with regard to not only the basic color .inks but the dark ink results in
i nprovi ng t kbepselearte@easiy codexaisk . ofThhdarko3nkdpeMiderigiively

haveeadifferentiﬁkcompositionfromthatoftheselectedbasic
color ink but equivalent spectroscopic characteristics to
those of the selected basic color ink. When the selected basic
15 color ink is yellow ink, for example, the dark ink may be
obtained by adding adequate quantities of cyan and magenta dyes
to the yellow ink or by adding an adequate quantity of black
dye to the yellow ink. The technique of the present invention
creates dots with the plurality of basic color inks and the
20 dark ink on the printing medium, based on the specification
of dot on-off conditions with regard to the respective inks,
so as to print an image. This arrangement enables dots to be
created with the dark ink having the characteristics discussed
above, as well as with the plurality of basic color inks. This
25 enhances the degree of freedom in specification of dot on-
off conditions and thereby improves the picture guality of a
resulting printed image. Specifying the dot on-off conditions
with regard to not only the basic color inks but the dark ink

results in improving the picture quality, because of the



functions discussed below. As nentioned above, the dark ink includes one
basi c color ink selected out of the plurality of basic £p§Qfiehtéf2083 a
pri mary conponent and another ink having a specific hue 5 diffferent from
t he hue of the selected basic color ink, and has a |ower |ightness than
that of the selected basic color ink. A certain color conventionally

expressed b conbi patkans0f bHheowl urality of basic color inks may be
expressible¥B§cB%Py tEe Sarﬁ i nk o? by a conbination of the 10 dark ink

with smal |l quanti ik esraficna abopé Urtdle dask dntol e ludekonel tasic kodases,
expression of the certain color by the conbination of the dark ink with
one or plurahkbasilectetlopuitnks thequilpzelativess bPosik QAR LPKEf 2Fnks,

conpared with the expression of the certain co#or 8¥ t he conb%nat%%g of
d

the 15 pl ur BFEPGTE FARWLY] ofPEnREOHPRE (S oPAVHBI9A KSPRE 1 HUs

i nproves_the_ pi.ctur ual i ﬁﬁ-cgfi o, éf%F¥L&) #él JA ii6hd omp@f i nk
duty. Fo? egéﬁﬁﬁgﬁngh rﬂge%%? %- arﬁhlﬁi eS|r§b queébs the f air
granul arityphg g ihgéewﬁgﬁene%efﬁantﬂeaﬂr@mtﬂmstaaddterdemsliy: wonsened by
the restriction of ink 20 duty. A print controller of the present
i nvention i snappl i cabl @rtaisucdokopr igdriven tshetadhy Theppessenst Pivedt i on
is accordingly directed to a print controller that supplies control
i nf or mat i onco@banpitiinnerof whhe hpdigaldsydsts WREHC aC230p8| didiS t§2%f Pe
different inks, in _order to ont ol .the creatiqn of_ dot.s w.th t
. ! : . t
plurality of*@FFFEieet Pﬁkg?ifh ﬁﬁr?ﬁ? rln%r%%ﬂQ%EH§P‘ﬁﬁqﬁg%gnpp%fapfty of
basi ¢ cghor J,0ks 135 Wekh 8fafh ! fulnfREieL e M B ILRIPNEl by 16k basi ¢
, color“Tnks are™ conbined with one another to express achromatic col or,
and the 8 23,.%gpt efhesd0Qdhses, expression of the certain color by the
combination of the dark ink with one or plural basic color inks
requires a less total quantity of inks, compared with the
expression of the certain color by the combination of the
15 plurality of basic color inks. The use of the dark ink thus
improves the picture guality, which is worsened by the
restriction of ink duty. For example, the use of the dark ink
desirably keeps the fair granularity in a shadow area, where
the granularity is readily worsened by the restriction of ink
20 duty.
A print controller of the present invention is applicable
to such a printing system. The present invention 1is
accordingly directed to a print controller that supplies
control information to a printer, which creates dots with a
25 plurality of different inks, in order to control the creation
of dots with the plurality of different inks. The printer
creates dots with a plurality of basic color inks as well as

with a dark ink, wherein the plurality of basic color inks are

combined with one another to express achromatic coler, and the



dark ink has a main wavel ength region of 1ight absorption substantially
identical with that of one basic color ink selected outngeﬁtaﬁbdglzgoyl ity
of basic color inks but a lower |ightness than that of the sel ected basic
color ink. The print 5 controller includes: a dot on-off condition

specification unit that specifies dot qn-off .conditipns W to the
plurality ofatfasimk coeer aj ﬁ'ﬁ%naﬁévﬁﬁé‘nﬁgpk riergl%,onbéjsffadﬂcﬁs'ﬁ n‘%ﬂ%é # na(sgj% dat a;
and a control_information qutput unit.th ut pat t seeddigzatign of
the dot on-%%bs%h‘d’raljiléﬁslaﬁ’? 1?%561?’&‘:@0%6‘% hcg‘up I&(raalkﬁ’;atsy of basic col or

i nks and the dark. i t Pee 1LY+ Baseendés Dbr | iy msaiti antowde
present i n\/'Se%]t‘cfcf)é(nladlL S%K\‘th?ffhgregblgrect eld 3!'flo a nethod of controlling a
printing operatidss Whiaehteot bEspende lectelcoapid oo logninkbl | EhedPEtLSsed

above. The present invention 15 accor d_i(gr:fgly provi des a nethod .of suE?I yi ng
control 5 nfesmetséher tincd udeisnta o tvin i cFeREEELEBIEPSFHH L PN Wittty of
different inks on a printing nmedium in arder to contr athon of
dots with tteapl spgcify et Qﬂtrf@?éﬂ%qfi oS dr"t“ﬁer"‘élb‘;r/gi %%ﬁtg?% ﬁoﬁg a
printing operation of e printer, . hod, 2@ iknehiidesaddre ost eppuof: (a)
speci fyi ng %‘E‘r%}ﬁafoégﬁﬁg i%é\fgorvﬁ-ﬁl?% gggard to a plurality of basic color

i nks and a ﬂﬁggeidﬁ%a;baﬁeda QB nitRBUL 1 h FBEEa B8 R outthe tphut althat ohtbassc

col or inks erng conbined with one another to express achromatic color,
the dark in{sh@aéééétgiﬁmjmm@fetnagmt regiodif obnfighenasbipriesrrdsto
substantially identical with that of one basjic color ink, s Iecteﬁtg t of
the pl urtal i tie gfiuvbzediicycof besigkeolnr 1aKE ARt the gk O Phat t6f the
sel ected basic color ink; and £b% ~outputting the specification of the dot
on-off cond®&i BAg APRETOLedRFAFTREIPR: plurality of basic color inks and the

dark ink 9 23 Se%r?gbﬂes?&?? invention is further directed to a method

of controlling a printing operation, which corresponds to the
print controller discussed above. The present invention
15 accordingly ﬁrovides amethod of supplying control information
to a printer, which creates dots with a plurality of different
inks on a printing medium, in order to control the creation
of dots with the plurality of different inks and thereby
controlling a printing operation of the printer. The method
90 includes the steps of: (a) specifying dot on-off conditions
with regard to a plurality of basic. color inks and a dark ink
based on input image data, the plurality of basic coloxr inks
being combined with one another to express achromatic color,
the dark ink having amain wa{relength region of 1ight absorption
95 substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink; and (b)
outputting the specification of the dot on-off conditions with

regard to the plurality of basic color inks and the dark ink



to the printer as the control information, so as to control the printing
operation of the printer. In the print controller and th93@%?&ﬁ$ Ny

nmet hod of controlling the printing operation, the dot on-o conditrons 5
with regard to the plurality of basic color inks and the dark ink are

speci fied, based on the input inmage data. The specification of the dot
on-off conditions is supplied to the printer as the control information to

control creatbobhef pdohservat hthdechhtirdl i 1nfOfmdasdc, ¢ s iteksoantdoihe
dark ink. 10 The techni que of the present invention provides the plurality

of basic col bhei pksnandgt hpedakkonnkfi bhehprpntatrer, which creates dots
with a plurality of different inks on.a printing nmedium _and supplies the

control infornati oftde BELING PAREFOLYRT Suf (tRGgERERESRAARBIRSE MGdiad &F of
i nk dot ith 15 t he.pl lity of. diff i i di i.nk
o oo e el Lo berems v ol e ko

gh pi gua I|1ty. n-accordance Wt

preferable appkhcalifhaofo e pREEAL1E9NGE AdBic dvdokhenkerdfsRodangx
met hod of controlling the printing operation, a color conversion table is

provi ded 20 takstifee BpppiAgsdof Haguds oisedhi=o Expuessmageoldrtd maga&heo
conbi nations of the plurality of basic color inks and the dark ink to
represent 'thpecifitgatianttf Shepgbitcanioff adielidgtonsnisf supkbhet thvkdew t h

regard to the plurality of basic_color inks and therr?gtark ink are ?ig%cified
by referringPEdRERE TDICHE COBLESHVRSFIR T BO ATt RO bLoOP&HRFPAg to

ﬁgg col or CF’{};%%H% bi‘H&:Sl%%gaQ%eﬁaﬁFé 801 o Pns DE L &?@dhﬁé 0&‘&:19“14-&1@? .
pective inks to be“specitied quickly and accurately. Tn accordance with
anot her my ef er abl eyREpPkkeahi 8le0btt Kl G ePt eifpeit 2003provides the
plurality of basic color inks and the dark ink in the printer,
which creates dots with a plurality of different inks on 2
printing medium, and supplies the control information to the
printer. This arrangement enables creation of ink dots with
15 the plurality of different inks including the dark ink, thus
printing an image of high picture gquality.

In accordance with one preferable application of the
print controller and the corresponding method of controlling
the printing operation, a color conversion table is provided

20 to store mappings of tints used to express a color image to
combinations of the plurality of basic color inks and the dark
ink to represent the tints. 1In this application, the dot on-off
conditions with regard to the plurality of basic color inks
and the dark ink are specified by referring to the color

25 conversion table. |

The method of referring to the color conversion table
enables the dot on-off conditions of the respective inks to
be specified quickly and accurately.

In accordance with another preferable application of the

10



print controller, the dot on-off conditions with regard to the plurality
of basic color inks and the dark ink are specified, basggsaﬂeg&gggﬁgt
proportion regarding dots of the plurality of basic color ihks and dots of
the dark ink. 5 Wien the dot on-off conditions are specified with regard
to the dark ink as well as the plurality of basic color inks, the

proportion of the dots with the respectjive inks.ma [ | §tfOf

Yﬁlues. Thfﬁéﬁﬂaﬁ?éﬁﬁﬁﬂléf'§B€%@g§i&@“?%%fg?@higfg%%%fﬁgﬁﬁ$¥¥%%gsbasedfon
e proportion set equal to an 0 VR 4e 1 anaktess gt i flg®, 0

hi gh pi ct urPel‘-Eﬁf'aH:'itt%/%'#o{)aﬁécpcr?lﬁ?%gwsngggcolﬁ%lance Wth sti IEi%banot her

preferabl e ,appl4 ¢at iaO?reQEttﬁﬁo +ogodgnldiarg dolte dar khe nklureslitdiver
| i ght ness anh saturation than those of one basic color ink selected out of

15 the plurgy igysf dmsde aotorarndiantsThe ddrek daake iigXobt ai ned, for |
exanpl e, by adding the dye of another ink to the sel ected iC r ink.
The usesof the dardern mheeimlan@letfHéO%b?Jé@%PrPr%%%}#l?qwngglclf?g%i i on of
the dot on-off conditions and thereby 20.i oV eSs ICLYE §rat@ksty of
the resultifg e fEE¥ LikgeS e ﬁ’sse_)éBF %‘ég%%%{leioni, %ﬁ%"gh 1O s L by
adding at | ot QS s, ofe 30QLBSE S| kel Ol OURI g icobResaanTax&e

saturation, specific color conventionally expressed by a

conbi nat i on O$af{?%§|&%a¢éiﬁé§f hasi ereehaemenksofospecéfpirgstie 280by only
the dark ink or y a conbination of the dark ink with small quantities of
one or pl urgh-®esi 6oaal olohsksasFhe onextiee P FhSadHRIFde I by
the conbination of the dark ink with the basic c¢ol or, i nks r%gig%ﬁ.ﬁge
total difantapyroprishksaiie €hadlesprBERdheiphieRR YT & Whirch i s

wor sened 11 23 Sept enber 2003
be printed.

In accordance with still another preferable application
of the print controller, the dark ink has lower lightness and
saturation than those of one basic color ink selected out of

15 the plurality of basic color inks. The dark ink is obtained,
for example, by adding the dye of another ink to the selected
basic color ink.

The use of the dark ink enhances the degree of freedom.
in specification of the dot on-off conditions and thereby

20 improves the picture quality of the resulting printed image.
The use of the dark ink, which is obtained by adding at least
one dye of another ink to lower the lightness and the saturation,
may enable a specific color conventionally expressed by a
combination of the plurality of basic color inks to be expressed

25 by only the dark ink or by a combination of the dark ink with
small quantities of one oOr plural basic color inks. The
expression of the specific color by the combination of the dark
ink with the basic color inks reduces the total guantity of

inks and thus improves the picture guality, which is worsened

11



by the restriction of ink duty. The dark ink may alternatively have a main

wavel ength region for nost strongly absorbing a ray in 33\4.5ikiher 3@RJE,
which is substantially identical with that of one basic COF%§C5 i%%

sel ected out of the plurality of basic color inks, and a greater integral
of light absorptivity in a wavelength region of the visible range than

t hat of themseltert eddiasicticel @f iimk dbte.use of the dark ink enhances the
degree of freedom in specification of the dot. on-off conditions and
thereby 10 inpro¥és daskpilokumaygaiterpabivehe havela inglpmaneddendtdye.

Th i I th [ f t st | bsor bi, _ i i si bl
range |s apPRoHOIREEr, MOqsaP CTBRALY AR T TG00 X% £B 700-THH 10 B a
red ray in the gase Q&tigi’%ﬁtigﬁ iﬁ%lﬁaéictaql &1 EANGE, OF f589e“6’%§9c A dyn to
absorb a green rtay in € cast of nagenta’ink, ané)equal 0 a range of

400 nmtg 5QQx REnketkSeLR arbiwe gRrd N e casesef cyebbowmksk ami nce the
absorptivity of light gently varies, the half -width (that is, the

wavel engt h regiaoerhavitagrahec syt avsbyptiral tysithal Fatvhkenglxizaghon
absorptivity) nay be adopted in the case where there 20 is a difficulty in
i denti fyi ng athehaaiied dnkg Fapggi B The tdaf Khenke Mgt ¢dba siiteCadPF 10K -

wavel ength region,_ which i.s _nostly included in a wavel ength i on of 400
nmto 500 nm and’& EﬁﬁlPgrt??d%Tﬁﬁﬁggﬁﬁ?ﬁﬁpfﬁsiﬁﬁ?hge%? ?ﬁ?%?gg?gyﬁb nm
than a nea Ii§§% Eﬁ%ﬁ? dyyi e agbavelepgth 98,06 G0RA MR D25 700
nm It is kﬁghn %ﬁ t égiéh§??it??yd§? ?heBngfgﬁa%?Eﬁunan eye to Pﬁe

col or gnaduahiptovetersel Piatuwey emedtt ty [NgaeOte 80U ng G901 ia @ thage .

significantly lowin the vicinity of 700 nm Irrespective of a |large
vari ation i n specffhesmapncwdPe RSn Sdptrsthiem Zo@3most strongly absorbing
a ray in a visible range is approximately egqual to a range of
600 nm to 700 nm to absorb a red ray in the case of cyan ink,
equal to a range of 500 nm to 600 nm to absorb a green ray in
15 the case of magenta ink, and equal to a range of 400 nm to 500
nm to absorb a blue ray in the case of yellow ink. Since the
absorptivity of light gently varies, the half-width (that is,
the wavelength region having the absorptivity that is half the
maximum absorptivity) may be adopted in the case where there
20 is a difficulty in identifying the wavelength region.

The dark ink may have the main wavelength region, which
is mostly inciluded in a wavelength region of 400 nm to 500 nm,
and a smaller light absorptivity in the vicinity of 700 nm than
a mean light absorptivity in a wavelength region of 600 nm to

25 700 nm.

It is known that the sensitivity of the vision of human
eye to the color gradually lowers in a wavelength range of about
650 nm and is significantly low in the vicinity of 700 nm.

Irrespective of a large variation in spectroscopic

12



characteristics of the ink in the vicinity of the wavelength of 700 nm
there is no significantly difference in hue recognized bygstiemyésiops of
the human eye. Nanely the spectroscopic characteristics of the ink have, a
| arge degree 5 of freedomin the vicinity of the wavel ength of 700 nm The
i nk having a favorable hue is thus prepared by utilizing this |arge degree
of freedom chhrad&ekistikchaof nthe Half dyoithbl elchubthast tihe yrEelenditbght
absorptivity in the vicinity of 700 nmthan the_ nmean |ight abs,orphi vity in
the wavel en8fh T&Yyi BR - 10ERATS06Sn A 0S¥ hiranihe r‘?&ifﬁe%z‘f\?&een’g‘? h®F&gi on

hat 1o MOSLLYoghReEHIS, T DLNS, Mevs] e0gt hiceal o, of 490 niile BO0LAT |

subst anti al F? € range inthe vicinity of 700 nm ving the

| arge degreﬁ QEtEBEEQB . aéﬁ9§§c££'§ié(t§é§’|@f raR0enk B8 4 adddd akgrebe
design of t 8 Ink. 15" The dark ink may have the main wavel ength region,
which 5 nestEyebaenugdedtiha ai siavietergt hheeghoalehgdB0ofinTe® 500 Alme and
a greater light absorptivity in the vicinity of 700 nmthan a nean |ight
absor pti vi t ynknhavipg et deyorabdgi baeots 600 shRreparedobyi tIfHe g1eaPds | i ght

b tivity in the vicinit f 700 2 t h l,Lght._ab tivit
" tho. wavelSREENFEEPBNSEoF “868Rm (o701 Thn KGRI EE hd AP PRRCLS have
f , . t - i k
"k, whose JHE BRE OHE SRRGTE: e e eI TR SRR BRI S B 6 o

the present ninVEALT Ofe MYADAVGht dBsbAbtavE NGl 86tedd Sidve Maneirergionegi on
for strongly absorbing a ray in a visible range to mainly determ ne the hue

of the Harkoifnkgo wim th 760 ambstEind nalilnywadeheéngth msigilpratheharaopetilyti c

wavel ength regi on of one basic color ink selected out of the (5)| urality of
basi ¢ col or inakyded3 izg Wepteairkeypys region of 400 nm to 500 nm 1s

substantially opposite to the range in the vicinity of 700 nm
having the large dégree of freedom across the visible range.
This facilitate the design of the ink.

15 The dark ink may have the main wavelength region, which
is mostly included in a wavelength region of 400 nm to 500 nm,
and a greater light absorptivity in the vicinity of 700 nm than
a mean light absorptivity in a wavelength region of 600 nm to
700 nm. The greater light absorptivity in the vicinity of 700

20 nm than the mean light absorptivity in the wavelength region
of 600 nm to 700 nm enables the dark ink to have a more preferable
hué, because of the reason discussed above.

The dark ink, whose dot on-off conditions are specified
by the print controller of the present invention may have:

25 (A) a characteristic wavelength region for strongly
absorbing a ray in a visible range to mainly determine the hue
of the dark ink, which is substantially identical with a
characteristic wavelength region of one basic color ink

selected out of the plurality of basic color inks;

13



(B) a nean value of light absorptivity that is greater than or
substantially identical wwth a nean value of light abso LVi he

sel ected basic color ink in the characteristic wavel eng?E%F%%%%%Pgt he
dark ink; and 5 (C) a nmean value of |ight absorptivity that is greater

than a nmean value of |ight absorptivity of the selected basic color ink in

a wavel engt h regi oQ af vi sible Liﬁght except the characteristic wavel ength
regi on of the dark ‘Prik® FRECGEFRET ML dGhds (PRGTPRé VAT Ehabrts tdmeater) has
a 10 hue cl t ; I ondi ng.basi c color. ink, so _that a
specific col g\r%%(r:lo%vrte% onalrf){/léeli(1 r gigseéﬁ%%frla W Sthich &G vadie o gty
of basi ¢ Col andatigr ity h GTANYheasESl ookl easkbbe By 8 coffl nah] oot he
dark ink with one or plural basic color inks. Expression of the specific

col or by thechereswsmisttiion vafvelleagddr keignknsati shyi Agrkhenrboxgacondi ti ons
(B) and. () with one or plural_ basic color inks requires the I|ess total

quantity ®f inks tR5A BxpreR’sydHieh AdgbleabsPEPtEviby Byat he coeaiteat i on
of the plura 't;é of basi c .col or, The use of the dark ink satisfying

i 0k ! d
all the abov[ethgonairfl?%rhgrafdle(ﬂ)f {Lﬁggqups(ﬁpﬁthdstYr eduthe inkeqtrdhbagdantity
of 1nk consuBRbORLiN; LASES, [ rrange ffectivel reyents
t he poor granul a‘rri ?gkaﬁga#?{rdpr oves %%2 I%iggtc)&r ggqﬁ%?% f%q%ﬁ’%ése%gzlgned
by the restricbhirantef-iknkcdutyeasnditacusgedn prevhouUghykx 28k The dark ink
may have the characteristic wavel ength region, which is nostly included in
a wavel engt h regi ofhefdaol imm satEdlyimg tned abemaldoediltight (ahshapt avity
in the Vjo(fi n%tg f 700 nmthan a_nean |ight absorptivity in a wavel ength
regi on 608°nTOto Fodenhue0b i soskssPopddsy basic color ink, so

that a specific color conventionally expressed by a combination
of the plurality of basic color inks is, in many ‘cases,
expressible by a combination of the dark ink with one or plural
basic color inks. Expression of the specific color by the

16 combination of the dark ink satisfying the above conditions
(B) and (C) with one or plural basic color inks/requires the
less total quantity of inks than expression of the specific
color by the combination of the plurality of basic color inks.
The use of the dark ink satisfying all the above conditions

20 (A) through (C) thus reduces the total quantity of ink
consumption in many cases. This arrangement effectively
prevents the poor granularity and improves the picture quality,
which is worsened by the restriction of ink duty as discussed
previously.

25 The dark ink may have the characteristic wavelength
region, which is mostly included in a wavelength region of 400
nm to 500 nm, and a smaller light absorptivity in the viecinity
of 700 nm than a mean light absorptivity in a wavelength region

of 600 nm to 700 nm.
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As described above, even when the light absorptivity in the vicinity of
700 nmvaries, the hue of the ink recogni zable by the V;'sz%ﬂ Hbe g3 human
eye does not have any significant variation. It is accordi g?y expect ed
that the spectroscopic 5 characteristics of the ink have a | arge degree of
freedomin the vicinity of the wavel ength of 700_.nm The snmaller |ight

absorptivity in thE @?%ﬁ’?ﬁ-??‘i(ﬁb’oﬁ@o RNPRNERCR ﬁé‘errééﬁhrti%ki’ﬁor.tb’s‘ﬁ]rﬁi' ity in
Che vaveleng' oL o BOR,L0.700 gl e e, o gk hghave

nore favora cteristic wavelen €gi on of the

dark ink tob%etP§u9§E§.‘Bﬁ'§Jfl%@ﬁ'Hﬁ§dﬁ Rvk0abBe £8RULaTE e sMighiitiilandf 700
nm having the [ arge degree of freedomacross the visible range
facilitatesvhheadasingn 0t idecicokdifbeydatiedidd rhpthtve spee ohescagtier i stic
wavel ength 15 region, which is nostly included in a wavel ength region of
400 nm bo SDEnamtearidtd ogr eft he| inghthaiss o prcgpt §egnee hef irgaflam inof 700

nmthan a nean |ight absorptivity in a vel ength region’ of. 600.nmto 700
nm As descrifsedifradtausfythen %ejresn%&fafrggg%geﬁ?iee € %ijreé:e&a%tn
setting the |i A Vi i 4 i gleni vekengt R 1@f+700
nm The gr ealbé“;%r}ltpltght %é’gégr &{T%évﬁlftll%%t\‘(ft %g Jfo?l %ifmt ;J/cth%?l \%10 nmthanl%{hhe mean
l'i ght absor pihswirtor ik thhen Wauel i fed &gl ofe 90808 NeB b onm0@onmosayIrenabl e
the dark ink to have a nore favorable hue. 25 The dark ink, whose dot
on-of f condiehiatesarttes daakf el tbyhthe prinotecbavooibbe hyfe t hSeprtddant

invention, may have a hue in a specific hue range interposed betwe%n a red
hue zoné0 aridea chreaas terd stdise Vaived eNghSeFEgRe8 Ofr the, daxd ARYet8 PSwer

Light ness ¢ han that, ) 1§ BAShE; 68! 81 dht-QHbeCln 15 hiRhkYod% 7P mm

having the large degree of freedom across the visible range
facilitates the design of the ink,.
The dark ink may have the characteristic wavelength

15 region, which is mostly included in a wavelength region of 400
nm to 500 nm, and a greater light absorptivity in the vicinity
of 700 nm than a mean light absorptivity in a wavelength region
of 600 nm to 700 nm.

As described previously, there is a large degree of

20 freedom in setting the light absorptivity in the vicinity of
the wavelength of 700 nm. The greater light absorptivity in
the vicinity of 700 nm than the mean light absorptivity in the
wavelength region of 600 nm to 700 nm may enable the dark ink
to have a more favorable hue.

25 The dark ink, whose dot on-off conditions are specified
by the print controller of the present invention, may have a
hue in a specific hue range interposed between a red hue zone
and a green hue zone on a Munsell hue circle, and have a lower

lightness than that of a basic color ink out of the plurality

15



of basic color inks, which has a hue in the specific hue range. The

speci fic hue range |nterposed between the red hue zone anshﬁgmgaegm3hue
zone on the Munsell hue circle roughly corresponds to the hue of yel

The color of yellow has a 5 relatively high |lightness. Dots of the dark
yell ow i nk having the lower |ightness than that of the yellow ink are stil
not conspicuous. Creating dots with such a dark ink thus significantly

i nproves thesphes vt &t ihksofwh 1teh hesuh tHurginpridspdclifagenud Gablye .dar k
ink may have a hue in the specific hue range that includes a yellow hue

zone and extends fTheasbeumnfiaryhubetramen ihtewyrdsody Hrivemndtendathéugr een
hue zone on the Minsel | hue circle. The ink in this sgecrflc hue ran e has

the hue of Z@P@eﬁﬂ@ht%lgféﬁ/?n 8t PRE Wt st ssddnhye aethropghl
Si nificantl i npr.ov ct re aldity of .the r I t nmage
naoi ng the. CREERREG R Eon e el Ay ThOSRREEH O Mk Ty L & TP

I'nk may he specific

hue rangg %g]tll%l Wﬁ§gﬁ medﬂt%\@éwe BeRs @Mhexaﬁw%etho% boungdarivig

bet ween the ow hde zone and the red hue zone on t Munsel | 20 . hue
circle, and talesmahberm@mtm@ﬁ athdrhanatthat ofe fitedsowcahtr are Hieiinkain t he
specific hue range that includes the yellow hue zone and extends to the
boundary betoseepitcheugs! | oWwrkasirgnedotmd wikd r edchued zéaskonithe thawssel |
hue circle has the hue _of  reddish yellow ~Creating dots with su a dark
1k 25 i onBARRr ki SPBEOYRE e B € ER R EFY (36 T AT T3t | nt ed
i mage havrng % IrthJ reddrsh hue. The color that is included in the
specific hu ﬁb andJfds a relatively large saturation is close to the

"flesh ggl or’ WhgR hhekl Eﬁkhﬂn%nﬁavé he hue of feddigdrield omd Famsed as
t he dark ink, |t Is 16 23 Septe

that includes a yellow hue zone and extends to a boundary
between the yellow hue zone and the green hﬁe zone on the Munsell
hue circle. The ink in this specific hue range has the hue
of greenish vellow. Creating dots with such a dark ink

15 significantly improves the picture guality of the resulting
printed image having the little greenish hue.

The dark ink may have a hue in the specific hue range
that includes a yellow hue zohe and extends to a boundary
between the yellow hue zone and the red hue zone on the Munsell

20 . hue circle, and a smaller saturation than that of fiesh color.
The ink in the specific hue range that includes the yellow hue
zone and extends to the boundary between the yellow hue zone
and the red hue zone on the Munsell hue circle has the hue of
reddish yellow. Creating dots with such a dark ink

25 significantly improves the picture quality of the resulting
printed image having the little reddish hue. The color that
is included in the specific hue range and has a relatively large
saturation is close to the 'flesh color'. When the ink having

the hue of reddish yellow is used as the dark ink, it is
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preferable that the ink has a smaller saturation than that of flesh color.

The dark ink of snmaller saturation significantly irrprov?§s%j‘§lg?.lgélc Ke
quality of the resulting printed inage. It is accordingly erabl e t hat

the dark ink has a hue in 5 the specific hue range that includes the yellow

hue zone and extends to the boundary between the yell ow hue zone and the
red hue zonBrgherpBlRutRal |thfudnki pefe Sgﬁd-:'&rsﬁﬁit}léﬁtéaflu?%ﬁ‘fi dfa% R&n t hat

f flesh | dar k k | uded., i
20 of C10R LELEBBEPIS NARBCHIThdaR T PEien st renEt T BgRR R e R ha
of a basic ¢g Q?FEQKtQQtpfgtﬁfgidﬂdﬁﬁ%ﬂ bY¥ Qﬁetfé%&itiﬁﬂ*ﬂildﬂgﬁ iwhiggh has a

hue in the specific range. The ink in“the specific range roughly has t he

hue of yell ow. isCaeabragndoySpietdrabiTd ehalarknd niard gnik haantl huemphoves
the 15 picture quality of the resulting printed i mage. The dark ink may
have a satuthei speoifiadehterranmm tha¥CinghudeNubhkel vethewiniavzone Radhue of
the dark ink is in a range of 2.5YRto 7.5YR on the I\/Unsell hue CI hcle.

The ink havP¥§ePARE FlEletPﬁ ]E’Wén‘?%ﬁijeb%’fw%e‘s@? F A PR NUE 26Rer REAMTRS ! |
hue ci el o gg Aie.SALULAL LG Al AL AR Aa SC,A 1 e MUSEk koshr o
the TTesh ¢ e

has the tint cl'ose olor. n dn | nage having the greenish
hue is printgdn thgruse eheshheotlark 1 nk having a smaller saturation than
that of 'flesh color' has better effects on inprovenent of the picture
quality. 25 It isThetak agkymay aferahl kus hiatc i danka isgedidsicarsager at i on
of smaller than 3.5C on the Munsell chroma when the hue of the dark ink is
in the ¥angefol0R BYRUEY PnsyRiwrse e Mensérrlhueangdid c,llcéfeITﬂlégﬁﬁéeéﬁ t he

dark Fnk mi\{hgg {:ha%1 éfanag%asu:l g\g)l:l{otrollﬁgcngu%z thsee%l%r};‘%ef\[

ity o% basic
color inks, which has a hue in the specific range.

The ink in the specific range roughly has the hue of yellow.
Creating dots with such a dark ink significantly improves the

15 picture quality of the resulting printed image.

The dark ink may have a saturation of smaller than 3.5C
on a Munsell chroma when the hue of the dark ink is in a range
of 2.5YR to 7.5YR on the Munsell hue circle.

The ink having the hue in the range of 2.5YR to 7.5YR

20 on the Munsell hue circle and the saturation of greater than
3.5C on the Munsell chroma has the tint close to the flesh color.
When an image having the greenish hue is printed, the use of
the dark ink having a smaller saturation than that of 'flesh
color' has better effects on improvement of the picture quality.

25 It is accordingly preferable that the dark ink has a saturation
of smaller than 3.5C on the Munsell chroma when the hue of the
dark ink is in the range of 2.5Y¥YR to 7.5YR on the Munsell hue
circle.

The hue of the dark ink may be in a range of 10YR to 10GY
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on the Munsell hue circle. The ink in this range has the hue of greenish
yellow. Creating dots with such a dark ink significantl y3igmippesaddie
picture quality of the resulting printed imge having the little greenish
hue. 5 The dark ink nmay have the hue in a range of 10Y to 10R on the

Munsel | hue circle and_a saturation of smal]er than 3.5C on a_Minsel
chroma. TheT fRehMURAGLLNRUAUEI TR G he TRENGBR oFD WY F(?“Igﬁ?gaﬁ tha sel |

hue circle d the saturatiaon of t e . Q e | 1;.6hr oma
has the ti it cPRERTER 180G | ot ars @@gﬁ g’%%?rraégheé a\a/i'vh%%?he“ggddi sh
hue is printed e use QpdRedank bRkthaki §EadisPBblefnsatdmatiay than
that of 'flesh color' has better effects on inprovenent of the picture
qual ity. | tpdimtaaT aneigrgihairef erablls tthat drieeniddr huenk has the hue in a
range of 10Y to 1OR on the Munsell 15 hue circle and a saturation of
smal | er 5t han 3. 5Chen dalrd WpkseRY hewe ore Nue décer 9anse aft hOdnke pr&t erabl e
application of the rint controller that specifies_the

LYARE

ot - of
condi ti ons BF theHdr ARV BT AKE s B F o T I B S e gﬂgntge'c?ﬁli que
20 specifies th t .Qn-0off condf i i r.d :he I i tyF of
basi (F:) col or™} rﬁgug%ﬁlﬁ'hg%%%n i g'lt;ﬂé gi;ﬁ(me\ﬂ%ﬁé{sge%%tehhhr%e%gr Ehf@oyéalﬁé% e%/tfst one

light ink, wych hasr aduensubsianti ally cisend iaed vd hsdhatatofontod east
one basic color ink selected out of the plurality of basic col or inks but

a | ower denmidateds thiaamn3t Bat ooftiehduatelidashrona tasithec ot ¢hkse THe
results of the specification are output to the printer as the control
i nf or md0i orthe TRl oFO1PE- cr#aeR oAl ofnggeshaviRgt F&epmeddiisty Mg 15

di ff i nks.. The pri o with the plurali oot col
nks,  Che dBR RStk SRR R CBALt et Pate hasbsebbre et moos Y 7

than that of 'flesh color' has better effects on improvement

of the picture quality. It is accordingly preferable that the
dark ink has the hue in a range of 10Y to 10R on the Munsell

15 hue circle and a saturation of smaller than 3.5C on the Munsell
chroma.

In accordance with one preferable application of the
print controller that specifies the dot on-off conditions of
the respective inks based on the image data, the technique

20 specifies the dot on-off conditions with regard to the
plurality of basic color inks and the dark ink, as well as with
regard to at least one light ink, which has a hue substantially
identical with that of at least one basic color ink selected
out of the plurality of basic color inks but a lower density

25 than that of the at least one basic color ink. The results
of the specification are output to the printer as the control
information to control the creation of dots with the plurality
of different inks. Theprintercreatesdotswiththeplurality

of basic color inks, the dark ink, and the at least one 1light
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ink on a printing nmedium according to the control information. As
described previously, the printing apparatus using the |bgktptkibesBIMBI kably
i nproves the picture quality in the highlighted area but has | ess effects
on inprovenent of the 5 picture quality in the shadow area, because of the
restriction of ink duty. Additionally using the dark ink inproves the

pi cture qualhkyid A grieshateedduea savdriding bt tthiensonteol infeomagan.i n
picture quality in the whole inmage. In accordance with one preferable
application of thes d®spriped R ¥EIUrY ¢ Hdte HFdEtngs aPRETGLVSoHS PP

conditions of the respective . inks hased on e | e _data,. .the.te i que
outputs theteent+apti 36Hﬁ¥ﬁ?§§#ﬁ &ERFPBPSt%Qec?igﬁ#Eﬁ1%ﬁd%hﬁﬁsl gﬂg |
printer that.crea t S i abl i j i Gire t

B es wi tn piaFRbEEell peBRhhul " e FrAloe B AR et e ot

condi tiops gscweklk @saihey Shzese ¢haddieadets verdiesd ofnmtk by stirecpibnt er
wth regard to the plurality of different inks and supplies the results of

t he specifiedtiar dhaytheApdinienalTheupinat thecdezkednkhampgeyasat Ehsi ze
dots wth the plurality of different inks, based gn the control %g
i nf or mat i oNPLVARYENE@UHE 1 780 ot PENSHANCHoRT®Y £RE g4t e TTHARS ehdhl es

i ani 1 cant EPEFREFDSRE TRebhPotbredtrat foy o tnatbe N orinted i mage.
Inthis applicatiey, .ushdahbe datk @acl pkeeabapcesapheidasises ek theedom
peci fication of the dot on-off conditions and inproves the picture
qual i ty10 whipehnikScomersened tyat hpdaastiriscthendot émkofiiitopndirt impsopdance
with one preferable application of the print controller that sgeqifies t he
dot on-of f t¢hedresperstdfeldn®3 Bepednber theodmage data, the technique
outputs the control information to control the creation of dots
1x>aprinterthatcreatesatleasttwovariable—sizedotshaving
different sizes with the respective inks.  The technigue
15 specifies the dot on-off conditions as well as the sizes of
the dots to be formed by the printer with regard to the plurality
of different inks and supplies the results of the specification
to the printer. The printer creates the adequate size dots
with the plurality of different inks, based on the control
20 information.

Varying the size of the ink dot by the printer that enables
creation of at least two variable-size dots having different
sizes significantly improves the picture quality of the
resulting printed image. In this application, using the dark

95 ink enhances the degree of freedom in specification of the dot
on-off conditions and improves the picture guality, which is
worsened by the restriction of ink duty.

In accordance with one preferable application of the

print controller that specifies the dot on-off conditions of
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t he respective inks based on the inmage data and the correspondi ng nethod
of controlling the printing operation, the technique spegisthesbiimodot
on--off conditions with regard to the plurality of basic color inks, which
include at least 5 yellowink, as well as with the dark yell ow i nk, which
has a main wavel ength region of |ight absorption substantially identical
with that othehergepéobwivak buts a Hapwer bighthessimadpan datat afnd héhgel | ow

ink. The results of the specification are output to a printer that enables
creation of CASFESRPREALIPHTEDNBR urEI IR bg TGP NtHRS SRETERECBaAr k

vel low i nk. Jhe - BLLMES decelaies Lie Sneciiieat LonaolsLhe idn paoath

conditi ons "and Ccreda s W ural i asi or i nKs

i ncl udi ng, an'@l@é‘épi&b?ain‘& Q¥ s 1aNdoethihhe, dat ko eldQwdd e 189588 tO
print an image. 15 The yellow ink has a relatively high |Iightness. Even

t he dar kb yekkdhwwnknkwhalwd sl cear kedrtht han fhek yedl bow iinkk, stiildh hbhasaa hi gh
lightness, so that dots of the dark yellowink are relatively -
i nconspi cuoB3inCrENS 1R B dBtSion t ATt He e kabgerpbipn nRubAfantially

ignifi tly i . i ct | it f. .20 th L tir i nted
Tmage. | n attGRABRGY O ER BRBE b Erhnr e bR N S PG LpPRAReRS
controller of 1 hg p g%eﬁﬁei ek o thﬁdé’%s%ﬂ'tgf%f SApLLOBS 3L &0
speci fied W th regard to at” least tﬁé cyan'ink, the magehta |nﬁ, ang t he

yellow i nk asetherpitinal ktproftHashet26neot 06 dodeidmokthist £a5en the dark
ink may have a hue that is closest to the hue of the yellow ink anong the
cyan i nk pherahjentafi bksiandoidre imhd cwmd nhe Sgei fMeddtaworingf. t fkedot
on-of f conditions with regard to the dark ink is carried out to enable
dots with tREIBEPK HeMeivesphe rFesrédragePRaL e HodenKepptbEi 0903

and creates dots with the plurality of basic color inks
including at least the yellow ink and with the dark yellow ink,
so as to print an image.

15 The yellow ink has a relatively high lightness. Even
the dark yellow ink, which is darker than the yellow ink, still
has a high lightness, s¢ that dcts of the dark yellow ink are
relatively inconspicuous. Creation of dots with the dark
vellow ink thus significantly improves the picture quality of

20 the resulting printed image.

In accordance with one preferable application of the
print controller of the present invention, the dot on-off
conditions are specified with regard to at least the cyan ink,
the magenta ink, and the yellow ink as the plurality of basic

25 color inks. In this case, the dark ink may have a hue that
is closest to the hue of the yelliow ink among the cyan ink,
the magenta ink, and the yellow ink. Specification of the dot
on-off conditions with regard to the dark ink is carried out

to enable dots with the dark ink to be created together with

20



dots of at |east one of the basic color inks when an inmage to be printed
has hues varying fromred to green on a Miunsell hue cir j e

havi ng hues varying fromred to green on the 5 Minsell gggse%%?lgfﬂemg
printed by adequately creating dots of the nmagenta ink or dots of the cyan
ink together with the dots of the yellow ink. The technique of this

appl i cati on @pedldrs att heakiagee howivie dashchuesokoifies aliiear mat iveby poi nt ed
by adequately creating dots of the dark ink together with the dots 10 of

t he basi ¢ coemprimkedThas aunesngarmyg gifbacred dioy gepkaneces: Munhgeddghee of
freedomin specification of the dot on-off conditions with regard to each
col or ink, t®eFeby- | nmproving the picture quality of the resulting printed

i mage. I n accordange w th one_pref I I cat | th i

control l er of the presei®y E\?Epﬁpgoﬁ,{l%?hga‘gg?hgn-ogf‘?r}eg{or?é)l ?FS%@ girgeElltle

speci fi ed Wi &eppnd d ¢ alcileast phhgredapy idHoqudtha yrgentanynkoranget he

yellow ink as the plurality of basic <color inks. Inthis case, the dark

i nk may havetige hisejdrtat inksoeldsesbft bhé heydriénaf todetyet vt nkeadohg t he

cyan ink, 20 the magenta ink, and the yellow ink. Specification of the dot

on-of f condief o weilhoreakd tThg hechaikuenkt | highpppdd caltont enahbds e

dots with the dark ink to be created prior to creation of dots t3;\,1F'E(%hbeither
d

one of the ctfh +ARI&nBAYABInEGERt Utk tauih %W"?Pﬁ@é“f%l%_eplb]rrf has
hues varyl g, I QRYEly QLR 1182 M 261 1013014 DS SRIRAUA,| O Bl & cyan
pi ¢ ' I g n t'he yerl |

ink are rather “conspi cuous an"yel'l ow i mage, unl €ss ow I mage has
a suffiqigentdy thawhé pbidaass. iben @R 4 BReen §ondEL Riffad RAY el@scaaryi ng

fromyellow to black, creation of dots with the 21 23 Septenber 2003
the degree of freedom in specification of the dot on-off
conditions with regard to each color ink, thereby improving
the picture quality of the resulting printed image.

In accordance with one preferable application of the
15 print controller of the present invention, the dot on-off
conditions are specified with regard to at least the cyan ink,
the magenta ink, and the yellow ink as the plurality of basic
color inks. In this case, the dark ink may have a hue that
is closest to the hue of the yellow ink among the cyan ink,
20  the magenta ink, and the yellow ink. Specificaﬁion of the dot
on-off conditions with regard to the dark ink is carried out
to enable dots with the dark ink to be created prior to creation
of dots with either one of the cyan ink and the magenta ink
when an image to be printed has hues varying from yellow to

25 Dblack.
Dots of the magenta ink or the c¢yan ink are rather
conspicuous in an vellow image, unless the yellow image has

a sufficiently low lightness. When an image to be printed has

hues varying from yellow to black, creation of dots with the
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dark ink prior to creation of dots wth the nmagenta ink or the cyan ink

| owers the lightness of the image and nakes the dots i nk or
the cyan ink sufficiently inconspicuous. The hue of the g I%t%ggﬁ(ﬁ;

cl osest to the hue of the yellow 5 ink. Creation of dots with the dark ink
inthe yellowimge prior to creation of dots with the magenta ink or the
cyan ink ac@eridiingt prdogstacirenidon lod dots with thedmagenbk onspi theus

to | ower the picture _qualit Using the dark_ ink having_the above

char act eri st 760 tHis Jowers éb?yﬂ%?%%%% Q%éhﬁl dnage @J@d cﬂﬁi‘lq% th@f dpke

resulting pr T, t t he. I has th

| ower densi tégﬁ%nhgﬁgﬁta ﬂf%?]g%c?/%% Cyan ln %ﬁﬁl l(%’tts]‘ F‘HFHESPF‘SH?H%genta
i nk, which hage tihee | OMeFne dNSE tHhK han éﬂb%resq;f tbhenERgent 3¢l RKe %Elem SO
conspi cuous in an inmge having a relatively high lightness. Dots of the 15
dark i nk Smayithus headrieat ed dotanwaver thgpddmk natnemn ahet helldat smafet he

| ight cyan ink or on the dots of the light magenta ink. In the case of a
vari abl e- dotPHFRtter Cremarnse s elafst S’itglr ‘éhmnamf@ﬁ@ﬂsi enduw even whkn

th t ed i h t | ht . Like i

the case of THE ”ﬁﬂ’h'ﬁq ol R e B R FiR J5* EoBRSBHeSPE | n
| i h

an_ over| appLag FAANY O 1the ARy ;B 2e @&%%%%e. 5930 Pl 9hg PRt he

smal | -si ze dot ~nmagenta n-accor ce W th one prefer
application &ﬁo&@%h@fé@teﬁ%i@'ﬂﬁu@f%{' BEEMmpRYPES | O b ERd
on-off 25 conditions are specified wt regard to at | east the cyan ink,

the magéft a dudd i@neft hbe ysidwitintk pagntkd phagel i theoflobasifc theol bght nks.
In this case, the dark ink may have a hue that is closest to the hue of
the yel | ow i $¥ehrigHy tHEEYAFS Mbe ltOW@rné@@ﬁtlam fikanghbathef yeEne gy dmk,

and a | over irlllccl,h %SEh r‘cLlaorjcs ofzéne I%bmaggr%)a ink, which has the lower

density than that of the magenta ink, are not so conspicuous
in an image having a relatively high lightness. Dots of the
15 dark ink may thus be created in an overlapping manner on the
dots of the light cyan ink or on the dots of the light magenta
ink. In the case of a variable-dot printer, small-size dots
are not so conspicuous even when they are created in an image
having a relatively high lightness. Like in the case of the
20  1light ink, dots of the dark ink may thus be created in an
overlapping manner on the small-size dots of the cyan ink or

on the small-size dots of the magenta ink.
In accordance with one preferable application of the
print controller of the present invention, the dot on-off
25 conditions are specified with regard to at least the cyan ink,
the magenta ink, and the yellow ink as the plurality of basic
color inks. In this case, the dark ink may have a hue that
is closest to the hue of the yellow ink among the cyan ink,

the magenta ink, and the yvellow ink, and a lower lightness than
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that of the yellow ink. Specification of the dot on-off conditions with
regard to the dark ink is carried out to enable dots wt gink to
be created prior to creation of dots wth either one of ?%&%@%{%@n and
the magenta ink when an 5 i mage to be pri nt ed has hues varying from col or
and_t enta ink to black. Dots of

of the eith ne_of_ .t he an in

t he cyanI i nﬁfhato s GBSt é’%cl?;]ao ! dot §98‘Flfh athaeRta Ghek 99t acryaffi mage

are rather QNS CURUS wihl fé&a%@q:o ‘cH@Qieaxfica:Q“_nﬁ sugalrclgllg t(IE%t I gw%ﬁll% tness
n

When an image to be 10 printed has hues varyi ng rom ina

hues varyi ngiofs eintey8het@aii ack t6reatdr¥nta getisr d Ade 43 Kei @ Q” or
to creation of dots with the magenta ink or the cyan ink deS|rany )fovvers

the |ight negsitdf QJHélQInE‘gEE arfd thek eyanhdniohad ohet hegoRgeNi Ak i Wike @l ad he
cyan ink suff|C|entI inconspi cuous. 15 The dark ink has the hue closest to
the hue 8f tIPIRINCORE RRINted Rg ﬂ?éle@otfgrmnsh‘ér%mcdwn ok, thletsigier he

dark ink ar qmtéﬂ egtacf}}vell){1 i r};&l I CUuQus 61:%kbo h th c:%enta i mage and

t he cyan |nage ot's W o creation of

dots with the mgenia bakele Lhencyap il &lfi!analn&ggggg &&QO{EWG the

dots of the dark ink conspicuous to | ower t pi ctur i Ng t he
dark ink hawiaggrtteiakole a chanactesd atrlec_ﬁatﬂi!élﬁ dneiarcaRing 'HEIQM@StHehe
picture quality of the resulting printed i nage. The dots of the | i ght cyan
i nk and t he 149 dfst ﬁesuféh@lﬁagéﬁthowrﬂagdr@m sWheanani thogs 25 Hen an

i mage hc’ils\jl ng) rel ag h lightness. Dots of the dark ink may thus be
created %}%esrré( A& NI T Pra Magisind aof o e gk grthegarvanwngr on

IR ey R e e
i mage 23 23 tSepiilieoMB dots with the magenta ink or the cyan ink
desirably lowers the lightness of the image and makes the dots
of the magenta ink or the cyan ink sufficiently inconspicuous.
15 The dark ink has the hue closest to the hue of the vellow ink.
Like the dots of the yellow ink, dots of the.dark ink are thus
relatively inconspicuous in both the magenta image and the cyan
image. Creation of dots with the dark ink prior to creation
of dots with the magenta ink or the cyan ink accordingly does
20  not make the dots of the dark ink conspicuous to lower the
picture quality. Using the dark ink having the above
characteristics thus preferably improves the picture quality
of the resulting printed image. The dots of the light cyan
ink and the dots of the light magenta ink are not so conspicuous
25 in an image having a relatively high lightness. Dots of the
dark ink may thus be created in an overlapping manner on the
dots of the light cyan ink or on the dots of the light magenta

ink. In the case of a variable-~dot printer, small-size dots

are not so conspicuocus even when they are created in an image

23



having a relatively high lightness. Like in the case of the |I|ight ink,
dots of the dark ink may thus be created in an overl appmgq?fgﬁﬁgrgo@g t he
smal | -si ze dots of the cyan ink or on the small-size dots of the magenta
ink. 5 In accordance with one preferable application of the print
controller of the present invention, the dot on-off conditions are
specified with regard to at |east the cyan ink, the magenta ink, and the
yel | ow i nk dviieg @ gedpitiyedy haghclightmess nkdiikieninhktbecasge ¢heldark
i nk may have a _hue that_ 10 is_closest to the hue of the yell ow ink anong

the cyan i nki9he Hagettss i ok, TRadeRE §BKI BRY| fRusare &Teawed HigHimess

than that t || i eci fi jon of t da -of f__conditions
W th regardq{voe]{lﬁdé% équgmlalrrllg‘iélrsg‘gaﬁ?%e%?%%ﬂ lozeerﬁgo%seo dggg Wh tHe Gark
ink to be create® aidAn -¢ied i@ sObrdehe Hagwhikh the yell ow ink when an
imge to be printed has hues varying fromcolor of either one of the cyan
i nk and dhe magenila iagkcortdanpleack thDaine giretfeeatyan appk iicatd omBgeEntthd Mage
or dots of the mmgenta ink in a cyan inmage are rather conspicuous, unless
the 20 i mad¥Pds riFFiEemT ytheowreghthessverkéari nfhpeldodwadotoffi n

such i mages | ower,s the lightness of the imge.to sone extent. The dots of
the cyan inK< \@Fﬁtﬁ@%ﬁﬁﬁ?ﬂj‘?%ﬁrﬁ{/fﬂﬁﬁvﬁ d o athqast PReTY IS cuous
in these i S LS At ni r j t i guent
to creati og%gl?e {5‘3%*“3% ng\n&}?h t etyt/%l ?%\%ﬁ?ﬁgﬂlﬁ-ﬁ:@s%%rgﬁ%ﬁa%ﬁ%% ?Dl#e%i%

li ght ness ofcolibe inkege andiibkesasde €od sapfx tihfe MRS MHAd Kok tthatcyan

ink sufficiently inconspicuous. The dark ink has the hue closest to the
hue of ifhe y&l cdwsiesk. tbi kbet heedof stind ydklgwel idwamkng thet syah tibhé,dar k
ink are thus_relatively inconspicuous_in both 24 23 Sept enber 2003
he magenta’ink, and the yellow ink, and a lower lightness than
that of the vyellow ink. Specification of the dot on-off
conditions with regard to the dark ink is carried out to enable
dots with the dark ink to be created after creation of dots
15 with the yellow ink when an image to be printed has hues varying
from color of either one of the cyan ink and the magenta ink
to black.
Dots of the cyan ink in a magenta image or dots of the
magenta ink in a cyan image are rather conspicuous, unless the
20 image has a sufficiently low lightness. Creating yellow dots
in such images lowers the lightness of the image to some extent.
The dots of the cyan ink or the magenta ink may, however, be
still rather conspicuous in these images. This technique
creates dots with the dark ink subsequent to creation of dots
25  with the yellow ink. This further lowers the lightness of the
image and makes the dots of the magenta ink or the cyan ink
sufficiently inconspicuous. The dark ink has the hue closest

to the hue of the yellow ink. Like the dots of the yellow ink,

dots of the dark ink are thus relatively inconspicuous in both
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the magenta i mage and the cyan image. Using the dark ink having the above

characteristics thus preferably inproves the picture quahi
resulting printed image. In accordance w th another pref 2?a%¥tgmgséi®gati on

of the 5 print controller of the present invention, the dot on-off

condi tions arthespefaritedmugthi®gne dyien 1hegd! Undlinky+9s dBasi tk &abehgi Nks
including at | east the cyan ink, the nagenta ink, and the yellowink, as
wel | as wi t hthegdraive ohahackeghstink, thushpréf dosb by Hoe rewest @ pakkure
identical with the hue of the 10 cyan ink or the magenta ink but a | ower
density than9tRatt8f oLt RBecyaRUL Rk PYhREMAGEMEEink. In this case, the

dark ink h hue that is. cl to the hue of t L1 ow |
g Lhe cor a8 A 5160 SEh e pd e e Sl B o R s o
the dot an-obfigendichiceBs 1wt e agar tdsdhe %ﬂ&?ﬁkod,”ktﬁé &3 bRdopHt to

it
enable dots with the dark ink to be created er creation of dots Wwth

the light inkontienians armgeetarhedpriti edghas twenevprytagi {§em yekhiew to
bl ack. Dots of the magenta ink or the cyan ink are rather conspicuous in
an yel | ow | nBgeoTuhlkssinlaididly G\ ileagé bhe cyan anduf ftihei magkpthoink,
| i ght ness. V\hea glg i e to_nﬁ(e pri nt(reL has hues varying fromyellow to
bl ack, fornaffBn"d? O%itH 1t B YPiLgheSi wktlueg et 1A SRer $18RE £RBht ness
of the imagey;;EQr gig%@%gﬂ; A/H,_Ihhtt]“]e rk .i in.addition to.wth the
. . 1T
i ght ink further 1 ower s the |53%t ness _Jt éliillr?%ge_wéﬁg ?hgrggf/ %E\Aﬁ% es
the dotsl(of &fen MB@ENdA tHK maR@ntRe 16%aBut K 1BWE deREARSPIHEHAUSHaThEE hue
of the dark ink is closest to the hue of the yellow ink” The dots of the
dark ink arethhusyan nodnspi cheusagentheiykl | dm imEge casd ,doehsodiatRwerk t he
picture quality. Usi nghthe dark ink having the above characteristics 25 23
Sept ember 2008y have a hue that is closest to the hue of the yellow ink
among the cyan ink, the magenta ink, and the vellow ink.
Specification of the dot on-off conditions with regard to the
15 dark ink is carried out to enable dots with the dark ink to
be created after creation of dots with the light ink when an
image to be printed has hues varying from yellow to black.
Dots of the magenta ink or the cyan ink are rather
conspicuous in an yellow ‘image, unless the yellow image has
20 a sufficiently low lightness. When an image to be printed has
hues varying from yellow to black, formation of dots with the
light ink desirably lowers the lightness of the image.
Formation of dots with the dark ink in addition to with the
light ink further lowers the lightness of the image and thereby
25 makes the dots of the magenta ink and the cyan ink more
inconspicuous. The hue of the dark ink is closest to the hue
of the yellow ink. The dots of the dark ink are thus

inconspicuous in the yellow image and do not lower the picture

quality. Using the dark ink having the above characteristics



thus preferably inproves the picture quality of the resulting printed
image. The light ink, whose dot on-off conditions are qug@&%@gmmgxmghe
print controller, nmay be light cyan ink having a hue 5 substantially
identical with that of the cyan ink but a | ower density than that of the
cyan ink or hue substanti al identical with

i ght i nk_havi ) tiall _
that of the"rﬁa ﬁ?tf?‘%%% Itgmarg‘\é%\g%l}fgﬁswwrﬁh%lﬂ?%%x Q§1¥ thRCGRIYERIRT i nk.

Dots of the i be created after creation of dots with these
l'i ght inks. %%ﬁ%%@ﬂ cally dots of the dark ink may be created after

creation of dots wHdibghh fhe khobk daBnlBkrasshdiNe diOhte dEastad nk.

Creating dots with these light inks lowers the lightness in an yellow
i mage. Creathingldotsriwtt wontieroddelr i mayf bet heéght 1Sydopwenls hdweidd ghtess in
the yell ogw i mage. This makes the dots of the cyan ink and' the magenta ink

mor e i ncens AN Rl 1Y Apeatdsatngl ph cihate ofubhetgry @t ittrebpésal kawey
inted i o i.th [, licati f th i nt

Bont 1ol I er (S Ko HeRe SRR ROt RGP LEbiith LiiGRE BROSBbeL Tk eS| ve

i nks based %hh@esﬁﬁ@gﬁgféflf@aﬁtrﬁgcaﬁ%ifﬁmcy 89 ¥l %%gxfeﬂftacgl?% Rl 1 ng

the printing operation, the technique specifies dot on-o0 con ions with
regard to a& pbwealddysofy basinCticot @F tRKSnagMiitGhihrel usler ab £l eastaax%an

i nk, magenta ink, and yellow ink, as well as with dark yellow 25 ink, which
has a mai n idkenendiehcregted adften gihtabbsopptdars withstherdd Al gyt iigddast.i cal

W th thib of the yellow ink but a | qwer Ii%gt_ness than that of the yellow
i nk. TheVr edlA%ss sdetifd cadgdciritéaltohltar €2blt bt N&y Ppraufadied rditednabl es

e on SEa¥ e o U} WRPLAER bb¥n 8Pl g% Pn e A (il 190 20 23

magenta ink.

Creating dots with these 1ight inks lowers the lightness

in an yellow image. Creating dots with the dark ink further

15 lowers the lightness in the vellow image. This makes the dots

of the cyan ink and the magenta ink more inconspicuous and

improves the picture quality of the resulting printed image.

In accordance with one preferable application of the

print controller that specifies the dot on-off conditions of

20 the respective inks based on the image data and the

corresponding method of controlling the printing operation,

the technique specifies dot on-off conditions with regard to

a plurality of basic color inks, which include at least cyan

ink, magenta ink, and vellow ink, as well as with dark vellow

25 ink, which has a main wavelength region of light absorption

substantially identical with that of the yellow ink but a lower

lightness than that of the yellow ink. The results of the

specification are output to a printer that énables creation

of dots with the plurality of basic color inks and the dark
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yellow i nk. The printer receives the specification of the dot on-off
conditions and creates dots with the plurality of basic | |

including at | east the cyan ink, the magenta ink, and t%g%§ ef%gﬁﬁ%? and
with the dark yellowink, so as to print 5 an inmage. The yellow ink has a

relatively h&gmlbﬁgﬁh{l}@.esﬁ’heEﬂPﬂntéP%le%@.%e)éeJdllQ‘gpie 1WA G n![ﬁf 4a/kghy. t han

the yell ow ink, sti has a higher |ightness than those o e cyan I nk

and the nmageshaoffnfondintion ahlecHadtey ablcew i ik talkep 86691 S PAYpASicSO 10
conspi cuous as dots of the cyan ink or the magenta ink. Using the dark

yel  ow i nk i fAocaddi inlon inclding &t lekstnbbentran nknk, dbe¢ mhgepshl dmkink to
create dots and print an inmage thus significant]ly inproves the picture
qual ity of tRARA‘IFELAGY PR ftetvitihgele f5aTHhEe bt PGy 8PRF &CUBTHRtt he

present invention pplicable to e printing system di scussed above nmay
t ntion a I ble to th t t d d ab
have anot her arrangénent. The present invention is accordingly directed

to a printing appafid Usei e Nas madrd feilfad 18 ¢8Rt 9 1 HehesW.t "Efen

plurality of different” inks on a printing nedium 20 recéives control

i nformati on thectadk gkllibe tileavhaphofs datrkervitidn the purak itk ,0ftill
different inks, and actually creates dots wth the plurality of different

i nks, based bas @hel ghenl igbhnests thaf shaaeicdntheovas ink prittheapagemire. The
printing apparatus_ includes: a_basic color _ink supply unit that supplies a
25 plural it y*of- baBPEScOforthskdatlo YRELPYi Abkhaas, IoHBEAY BPT 619 basi ¢
color i bei i i n r. r ti r, a
col or, 102, DEbASRESORLOS Wkl SRS:ANBLURTs L0 SXERETR (AR O] Cocler B
i nk having atlﬂ@'dhiﬂ@éy?'l@'&ﬁi hnk’ £8iMm1Qfi dr ¢bt tROSBFN 1k ,SHAsEARLI Aty

identical with that 23 Sept enber 2003
and the yellow ink to create dots and print an image thus
significantly improves the picture quality of the resulting
printed image. '

15 The printing apparatus of the present invention
applicable to the printing system discussed above may have
another arrangement. The present invention is accordingly
directed to a printing apparatus that has a print head to create
dots with a plurality of different inks on a printing medium,

20 receives control information to control the creation of dots
with the plurality of different inks, and actually creates dots
with the plurality of different inks, based on the input control
information, so as to print an image. The printing apparatus
includes: a basic color ink supply unit that supplies a

250  plurality of basic color inks to the print head, the plurality
of basic ceolor inks being combined with one another to express
achromatic color; a dark ink supply unit that supplies a dark

ink to the print head, the dark ink having a main wave;ength

region of light absorption substantially identical with that
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of one basic color ink selected out of the plurality of basic color inks
but a [ower Iightness than that of the selected basic coh@g,lM: Fhogontrol
W

information input unit that receives the control informatlorfl:p th regard to

dots of the plurality of 5 basic color inks and the dark ink; and a dot
formation unif that drives thgjorﬁ)ri nt. head based on the input control

i nf or mat i on, > &S G 1Cr g8¢ 8T . LS %Jﬁ?tt%ob‘ﬁ:u?glﬂ%/ ungddity o€oPa¥i¢ nks
ang ihe dar ki 1108 ML LONTBRERDSLS A0 UL OLAY 40 A TR0, OF 10

printing, which correspon rinting apparatus 0

confi gurati aie1dheni;eaesbn t AYENTH fAnidiuS Pl A¥hdasn £ tRithedcet vEgCailyi Ng
control information to control creation of dots with a plurality of

di fferent i nkentaml dinfommgs@iqr iwitth regdrdavtiociotseat eshdop sumal bty hes

pl uralit% of different inks 15 on a printing nmedium based on the control

i nf or mat Pon, P&HLALORY pritrit aan ithggdatkhdnfet ABE RnéphidEerpaeler apsitof

(a) supplyi a plurality of basi,c color .inks and dark ink to the print
head, the pltlr}?% itgfl:lg Sbai\sjlil% &5t iﬁ%@gbﬁaﬁfdco%i n WPR oS her to

express achroimad i r, rk-d | i epgt i on
of |ight absorpti on‘LCﬂ%sﬂt}bsStOtaﬁtg [ g??lléy&e%do}}ént% igggﬁ%%fl?hﬁ}ﬂtmor\fﬁgﬁk ﬁgsﬁéjggl or

ink sel ecteblont iofkd hendlilrealddnk afmxhasi ¢ col or inks but a | ower
| ightness than that of the sel ected basic color ink; (b) receiving the
control informati dhenipteseddaridveotdons isf alhe @brettedl toya ofetiast ool or

i nks and.t he dark ink; an c) drivin the print head based on the input
control anf SHridt M &heﬁgagahaa?en t}o 1 prdrdircyappapakie ¢bire i nks

and the dar kdﬂo% co%éﬁ.ﬁ:y roi nti ag E 'Jéllx@ergpfor?rér%si 94 ipcf‘ersataus of
t he present 1 nvention afg 33 Sep?gﬁfeggggo
method of receiving control information to control creation
of dots with a plurality of different inks and driving a print
head, which creates dots with the plurality of different inks
15 on a printing medium, based on the control information, so as
to print an image. The method includes the steps of: (a)
supplying a plurality of basic color inks and a dark ink to
the print head, the plurality of basic color inks being combined
with one another to expréss achromatic coclor, the dark ink
20 having a main wavelength region of 1light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink; ({b)
receiving the control information with regard to dots of the
25 plurality of basic color inks and the dark ink:; and (c¢) driving
the print head based on the input contrel information to create
dots with the plurality of basic color inks and the dark ink,
thereby prihting an image.

In the printing apparatus of the present invention and
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t he corresponding met hod of printing, the print head is driven according

to the input control information for controlling creatiof Qi fARksryMsth
regard to the plurality of basic color inks and the dark inE.eq%otsdﬂv:\;/ith

the plurality of basic color 5 inks and the dark ink are then created on

the printing. nedium to print an imge. The use of the dark ink in addition
Lo the pl ur 24 FOBF eSBREALNEANST DI REL BRIAFLES. (4he BESPEASSA L BTN n

speci ficati t - cqui i enabl es_t he 10 adequate
specificati gé[nkcgj;r%%leg 3.83[ Q%Ine- of c%ncf?}ﬁ%%g{%ozrm%ﬂpopq i o‘for{i}{‘eodlglqjlﬂgal ity
of basic colgfedtikh d3dabhe Hatk +8far@r€ el Lauthe iRy B bead: andt he
print head is then driven according to the reSults of "the specification of
t he dot on- dfifks eoddihe aresck Thks aboasgemnthenables) e cdobasio dag okb
adequately fornmed with the respective inks on a printing medium so as to
print andi neig&orngi ghe plaxiuriakygar then| ereaievt dintbewb T hnbhey grestiemabl e
application of the present invention, the printing apparatus creates dots
with at |ead p(,rfé]r:F iaWk,mf?E?geénta ink, and yellow ink as the dots with 20

the plurality of Bagi GsEOLArLAd rkTEﬁw(Ciﬁaédc%ntl nb%t Fn A1y AL 4 AR the

cyan ink, the magenta ink, and the yellow 1 nk enables expressionof a
practical | y s#ifd cicyBormuniiis oferhesThecnese adfgridee dar K rddelomn addi tion
to these various color inks enhances the degree 25 of freedomin

speci fi cat i sipesfifdoratdenofff domdirnrof€ anddithenebynd nigroy ematiespitdteur e
qual ity resulting printed inmage. In accordance wth another

f th
preferaﬂ)ﬁe é’ﬂ%qluéétei P EIRR s et FRSefAPFoRN -PRE SAnsHitdgrgppar®eus

creates dOt%uﬂ%ﬁqe%gogaj§§%ﬁ%&%ﬁﬁt@pgg'basic color inks and the dark ink

are fed to the print head, and the print head is then driven
according to the results of the specification of the dot on-off
conditions. This arrangemeht enables the dots to be

15 adequatelyformedwiththerespectiveinkscniaprintingmedium,
so as to print an image of high picture gquality.

In accordance with one preferable application of the
present inventionf the printing apparatus creates dots with
at least cyan ink, magenta ink, and yellow ink as the dots with

20 the plurality of basic color inks.

The creation of dots with at least the cyan ink, the
magenta ink, and the yellow ink enables expression of a
practically sufficient number of hues. The use of the dark
ink in addition to these various color inks enhances the degree

26  of freedom in specification of dot on-off conditions and
thereby improves the picture qualitf of the resulting printed
image.

In accordance with ancther preferable application of the

present invention, the printing apparatus creates dots with
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at least black ink in addition to the cyan ink, the magenta ink, and the
yellow ink. The printing apparatus also creates dots w bh &hﬂ%pi¢ﬁm/ink,
whi ch has a mai n wavel ength region of |ight absorption substantially
identical with that of the 5 yellow ink but a | ower |ightness than that of

the yell ow ifk.1eddeafiQk ahnidaks addtikibhe bl agk bﬂgn'ﬂnﬁgdtﬂé% Snide
cyan ink, the magenta ink, and the yellow ink further inproves the picture
qual ity of tirekysesud thagygriow ddki.nafhe Jghintisey apbatrfae udaaksyedtantddnk in
addition to these inks enhances the 10 degree of freedomin specification
of the dot dilef Widdndrrkorellend heFBbBYh| hps cv@aipheapeéengeh qirdiay of
the resultin

appl i cati on G it BPacEREToR, BRET BRRE FRE R I o Bt B bRk, W dot s

wth 15zat [,PK, qﬁggﬁt_ | n I [ Lurality of
basi c col or ﬁllreﬁ#séw gL}sﬁn\/\EHn‘ aasl W t 1{1@%&?35% ?Iﬁéﬁa{n}ga%atdﬁ(gggﬁgg%\@wﬁ ght ink,
which has a hue sulysizanitdnablrydbdeniicrl tivé tdLadkhabkofinabadeasén one thasi c
color ink selected out of the plurality of basic color inks but a | ower

density tharctdratink20tip¢ magendia fakstamwhéhagetlewliok faktherdapmyvesf dots
with the variety of color inks including the Ii%%t i nk i nproves the
pi cture qualiit§ WCtHe ABSIEETNEE Phe et tidse PTiRE eds dmBaet heMardes nk in

addition to JhGas aXaLioum 6910k 0kaaRbARGSS, W deghes ol freedamd n 25

speci fication on- - con i ons and ére er i nproves

the pictigre Qupldd ¥rGrddionl £8WHddAT iREINALAGLE FRERot bA -BEE UHRNRAEG IMd h
sill another preferable application of the present invention, the printing

appar at us craaat eshateby easpréves vahe aplietarzegdal sthavitnghal ffeendritigg zes
with regard 30 23 Sept enber 2003
printed image.

In accordance with another preferable application of the

present invention, the printing apparatus creates dots with
15 at least (,;yan ink, magenta ink, and yellow ink as the plurality

of basic color inks, as well as with the dark ink and at least

one light ink, which has a hue substantially identical with

that of at least one basic color ink selected out of the

plurality of basic color inks but a lower density than that
20 of the at least one basic color ink.

Creation of dots with the variety of color inks including
the 1ight ink improves the picture quality of the resulting
printed image. The use of the dark ink in addition to these
various color inks enhances the degree of freedom in

25 specification of the dot on-off conditions and thereby further
improves the picture guality of the resulting printed image.

In accordance with sill another preferable application

of the present invention, the printing apparatus creates at

least two variable-size dots having different sizes with regard
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to at least cyan ink, magenta ink, and yellow ink as the pI urality of
basi ¢ col or inks. Creatlon of the at least two variable-s 9@% %Mgh
regard to the respective inks inproves the picture quallty oP t
resulting printed i mage. The use of the dark ink in addition to these inks

enhances thg, dsgrq%ayfféfgﬂkiakn m&BERLAI aki, 0nndf Jd1IaAPtinn-8Ef the
condi tions and thereby further 1 nproves the picture quality of the

resul ting ppiatedityage. bhsiaceoldantekyith another preferable application
of the 10 present invention, the printing apparatus has an ink reservoir
unit, in which thérgatieniey bhebasi deaskofwpnkaraalilehaiaar ROtFnk1APe kept

i ndependent | In the printin t us, havin e i nk_reservair t for
mdeBendent F%%E@p??ld:rfelﬁéeﬁpﬁgﬁ B %f‘s Hﬁ@r@"@%‘l ELJP‘ & k&% T Jttl¥e0 ar k

i nk, suppli of th S ro e,kak e VO 4 t 9nt he
pri nt hgd;d gguse g&itm% pgn ura é ﬁ%‘gm %Qco St@llrenks rand dot snof t he

dark ink toshg;ereat ed %eéé"elrﬁ)ﬁ néhngnasgll e Higrdeesatt tSrédddqni bhi ng an
imge of high picture quality. The arrangenent of keeping the respective
20 inks indepead€ntkyinmman thhalot ba- Déimdmomgnéhﬁw@%furt er
accommodated in a non-m sci bl e manner. These inks may be kept %et her in

one ink resémpspreantipe d?lCFW%éN@éﬁ{tYséﬁaF]a?eW@yS“]rW‘tﬁ prandsd H‘i

t. th t t t 25
coop & orearer quiREHSP BRI aLE BRCrE e ere STy FopTor et U iBhi ¢
col or ik Cgf: e3ReNAI NG £ 004 h@hg%f&ﬂﬂﬂ%g Waen-aah s hH&ﬂﬁ@re§H§bo@§

| andscapes portraits, are printed, a greater quantity of the dark ink
i s generall Mnlﬁqnwmémmet b@uﬁuamtytcyf afadilke cbasiccinkd cand rhehdarkg t he
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ink are kept independently.
In the printing apparatus having the ink reservoir unit
for independently keeping the‘plurality of basic color inks
15 and the dark ink, supplies of the respective inks from the ink
reservoir unit to the print head cause dots of the plurality
of basic color inks and dots of the dark ink to be created on
the printing medium. This results in printing an image of high
picture guality. The arrangement of keeping the respective
20 inks independently means that the respective inks should be
accommodated in a non-miscible manner. These inks may be kept
together in one ink reservoir unit or may be kept separately
in different ink reservoir unit.
In this printing apparatus, the ink reservoir unit may
25 keep a greater quantity of the dark ink than a quantity of the
one basic color ink corresponding'to the dark ink.
When natural images, such as landscapes and portraits,
are printed, a greater quantity of'the dark ink is generally

consumed than the quantity of the basic color ink having the
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cl osest hue to that of the dark ink. The ink reservoir unit keeping the
greater quantity of the dark ink than the quantity of thg sepir@ePRRE NY
basic color ink thus favorably causes the quantities of the respective
inks kept in the ink reservoir 5 unit to be close to the actual quantities

of ink consugggite%rsl. gp'etr'ﬁ@cﬁﬁéggﬁfe’%%ﬁ%ﬁn%ﬂ ef f%%biﬁak alpé)slélp@ot .iroqmolf t he

printing app: i on and ‘corrésponding mett hod

of printing,.t i i L. i t [Wy! M
i nformation ]{te(?rbgr alttfeaIIB ot%gltvéltsﬁqf%l\éﬁﬁg ?ﬁ(s{glreeg%ilgg}é ]?ln]%(tsa;ﬁa\lf\lh{e)t?%i n tﬁrel@gont r ol

i nf or mati on (oBheQtSrrad@aidiary ohsdetco it Ankhenpd Wasloirtap19f chasé s el or
i nks, which include at 1east cyan ink, nagenta ink, and yellow ink, as
wel | as wi tduederik iysl lodwtingk resbechinasiakankep ale| Ergtink agservadT | i ght
absorption substantially identical wth that of the 15 yellow ink but a

| ower |ight hesid tRaRetHERSDItY hReyaFH Ry ignentitdesnet ph iGNy Wl at-us of
this arrangement %g;d a%%%rd]%%rcraem%%d 1 @e@%%at%flep raig%tlii%%fti@%t 20%e
af :

created with the yel'Tow 1 nk as wel I as with the“cyan in t he magent a

ink, —and the iyl iddbarbtius aldangGementRances e tdear eanel 2.
freedomin specification of dot on-off conditions and thereby inproves the
pi ct ure qualddryteaipdnia nige sidthiodg ofr iprtiect inageche Ipwriadc dreddinds \dirtilveane
preferabl e application of the present invention, the printing apparatus has
an ink reseragsiording tottHw lReEpscertTehdnfpREatan thKreghe demidh nk,
the 25_yellqw ink, and the dark,yellow.ink independently. . The ink
reservoiP u %te KE8BEChLIYP et Ef&éﬁ?ilfl;\{jbef PRETS rkng%FF%W?Iﬁfontr%ﬁé)r%sa
quantity of Jde ekl g d4ls MREN: RAIHAl 1S TRISE n Al B3 ol afidles aRMS AN
portraits, are printed, a greater quantity of the dark yellowink is 32 23
Sept enber 2GQZ1ude at least cyan ink, magenta ink, and yellow ink, as well
as with dark yellow ink, which has a main wavelength region
of light absorption substantially identical with that of the
15 yellow ink but a lower lightness than that of the yellow ink.
In the printing apparatus of this arrangement and the
corresponding method of printing, dots are created with the
dark yellow ink as well as with the cyan ink, the magenta ink,
and the yellow ink. This arrangement enhances the degree of
20 freedom in specification of dot on-off conditions and thereby
improves the picture quality of the resulting printed image.
In accordance with one preferable application of the
present invention, the printing apparatus has an ink reservoir
unit that keeps at least the cyan ink, the magenta ink, the
25 yellow ink, and the dark yellow ink independently. The ink
reservolir unit keeps a greater guantity of the dark yellow ink
than a guantity of the yellow ink.

When natural images, such as landscapes and portraits,

are printed, a greater quantity of the dark yellow ink is

32



general ly consunmed than the quantity of the yellow ink. The 1ink reservoir

unit keeping the greater quantity of the dark vyellow inkstdgn.iie ntity
of the yellow ink thus favorably causes the quantities ofg tﬁe rbgszptzdcé?i ve

inks kept in the ink 5 reservoir unit to be close to the actual quantities

of ink congyupiiANy FRasueelnkass ohe thieatEses itheeRbl 08wMBYx be The

i npl emented ™ by a conputer, which reads a specific programthat actualizes
t he functi onsikofredearvarimunidg kpebémg the greatecomamtliey ,oflGChw ddrk
printing apparatus of the present invention discussed _above. One

appl i cati on Ysfliove ipketbal ihy a@ndd tivsof e otediley inBdtws favamatdy a

specific programfor attaining the_functions .aof the,printing system,of the
present i nvé&R4SHT it %888?5&&9@%% @ TP GV ilBFf%i e?%ﬁulgnd' Hd to a

recording mediium, LS i) NiCh v SPRA 116 AROTARILS TRERNARD &N o Gaiput er
readabl e manner. e specific program actualizes a nethod of creating
dots with a n#adgtipmof different inks, so as to print an inmage on a
printing nmedium The specific program causes a conputer to attain the
functions of; spedhfytechmoiuenfdfife poadént dnyepdignttay bgdmptemeated
plurality of basic color inks and a dark ink based on i nput inage data,
the plurali By 8f CHBRYECE oI"B1-GhES§adFed P SOdiheg OFF e Blﬁgt &7t 455

express achromati c calor, . the dark_iLnk hayj a i vel r,egi on of

| i ght absor ﬁﬁ\eor:fjunscu sotngnf)ifafcﬁf? ?5%%??’&_% %?%mt h{;l?é gqfl%ntg C%glg:%lclo_ dr ink
25 sel eghed QUHRf pthRtPhYT 8bhdYaflis RASitheCRLOEehBKEnPAK £ Forl GMRIcudde@t ness
than that of the selected basic color ink; and controlling creation of
dots with th&glair abntyamfl hasiieorcof ahe prkse@ndnt-hatdankis akedsasidaigon t he
specification of the dot-on-off conditions with regard to the plurality of
basi c 33 23 U@éﬁ{l@hbén whg@d a specific program for attaining the functions

of the printiﬁg system of the present invention is recorded.
The present invention i1s thus directed to a recording medium,
15 in which a specific program is recorded in a computer readable
manner. The specific program actualizes a method of creating
dots with a plurality of different inks, so as to print an image
on a printing medium. The specific program causes a computer
to attain the functions of: specifying dot on-off conditions
20 with regard to a plurality of basic color inks and a dark ink
based on input image data, the plurality of basic color inks
being combined with one another to express achromatic color,
the dark ink having a main wavelength region of 1ight absorption
substantially identical with that of one basic color ink
25 selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic coior ink; and
controlling creation of dots with the plurality of basic color
inks and the dark ink, based on the specification of the

dot-on-off conditions with regard to the plurality of basic
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color inks and the dark ink. Another application of the present invention

is a recording nedium in which a specific programfor tainin e
functions of the print controller of the present inventi ?ﬁ %p{églbgre%é)dr}'ded.
The present invention is thus directed to another recording nedium in

which a spegifj & A afd SHErged i a conputer readabl e manner. The
specific program actualizes a nethod of supplying control information to a

printer, which creaiteerdoispmsaceon! vial iy plkedihteranterion onsaa
printing 10 medium in order to control the creation of dots with the
plurality ofrediddfdimentmediken.ang whécbby epacidi¢ipyoarynifey g taggemet i on
of the printer. The specific programcauses a conputer to attain the

functions ofthefugictyPRE HbhEnPHIRt CBHdiIileRsOwi e PEGERAT iRtk ity
f basi | or i nks .and dar k_ink based i nput -
of Daet ¢ 500l 0L L Mkoagad U B BLp Lt BASSG, oD AR LIOE AL An e

g conbine oné ano

achromati ¢ cQl YraiddGedBidn,i BK YRYEAG dhdBif NYeLeast isregiortedfid i ght

absorption substantially identical with that of one basic color ink

sel ect ed outa @fonipha gl tealdabyeohatmast ¢ @eosp2Oif hksphogram |lavaralizf® ness

than that of the selected basic color ink; and outputting the .

speci fi cat i @nmefthodecBosuRnLGitg comwdoli SREoTNE L eRder @ PHIRFRT pl el ty of

basic color inks and the dark ink ta.the_printer as.the control, ..

i nformat i on,cr"‘saoteefs%to _Sc?}ﬁgsofl‘ B v bt Pﬁgéjogé?%?r?a%r%né{fs % e£ rq%lr?ttelrn.g 25
Stit L 298! NGl ARm ! CAl! 0RaE LHCCBREREN! thBYEREROoNS o£a doREOAILRI dIREI UM
in which a specific programfor attaining the functions of the printing
appar at us ofpthilye presentai fimentt eakssan@enededy core quldsient aipmnartingn i s

thus directed to a recording nmedium in which a specific programis
recorded 34 &3:Septenbef 2083 printer. The specific program causes a
computer to attain the functions of: specifying dot on-off
conditions with regard to a plurality of basic color inks and
15 a dark ink based on input image data, the plurality of basic
color inks being combined with one another to express
achromatic color, the dark ink having a main wavelength region
of light absorption substantially identical with that of one
basic color ink selected out of the plurality of basic color
20 inks but a. lower lightness than that of the selected basic color
ink; and outputting the specification of the dot on-off
conditions with regard to the plurality of basic color inks
and the dark ink to the printer as the control information,
so as to control the printing operation of the printer.
25 Still another application of the present invention is
a recording medium, in which a specific program for attaining
the functions of the printing apparatus of the present

invention is recorded. The present invention is thus directed

to a recording medium, in which a specific program is recorded
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in a conputer readable manner. The specific program actuali zes a met hod of
receiving control information to control <creation of dotg r@hﬁgal ity
of different inks and driving a print head, which creates ts W t
plurality of different 5 inks on a printing nedium based on the control

i nformation, ;,,50,as, %rﬁmpl;éf't A4 e. m‘glﬁ%e§pe0| fﬂnc p%%tra i%ﬁ?%%ﬁﬁ??{ﬂn

comput er to attain unct’i ons . recerving t to
control cr ea&b@ﬁa@_izggtasme\!‘tﬁ@d %f@éﬁ@u}fﬂg angféi(i Gl £ 5 08KS, 8BH 2, ar k
ink, the plurality of basic color inks béing 10 conbined wi th one &ng

to express acheathbhwicabes,witreadankrality baiTTE o mnmg\a@i@agiblﬁggl 0”
of light absorption substantially identical with that of one basic color

ink sel ect ed BFiMtOteathe whllghattaates dbasiwi tdotloe pilmkelbitly of BdfEerent

| i ght ness. than that of the selected basic color ink; and _driving 15 the
print he}d bheEY Yh & REINTIRE BSALFDr PAPSE MR it1P ConEredt enfaERatiPen t he

plural ity ofbasl £o§aliQl 40KRBRY (e daldbsledl ggréri%?%&ug”s b0 APk MROE:

The conputer reads any one 0 he speci |c pro r ecor

recordi ng netb attriactual fdectiéns espeekivevidl RGOS Ghedthepioh dots
with the dark ink as well as with the plurality of basic color inks

i nproves thel@icenkeofuat¢dionfofl iwreestilth mgppuratedyi oAghasia acterdance
w th one preferable application of the present invention, the specific

program r ecob¥ed 30! tthéarks ipke ob e gl Wil Lk foft batsial FOAGTE BBkS UpRin®ns of
t he pr cop roIIe t her _causes the conmputer to attain the function of
storPnlgrilton afanE érﬁ%%?‘ nys” Spogﬁﬁfst%ggar? Wéjé‘?t& coPLeT - it £

nbi nat I d
combi nati ons;,of kHAgipLura ﬁ'lEYD.Ofwa%ileC{\lg%?hgfez% ) ept e#}} %\g%%iﬁ'&&?

represent the tints. 'n this structure
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink; and driving
15 the print head based on the input control information to create
dots with the plurality of basic color inks and the dark ink,
thereby printing an image. |
The computer reads any one of the specific programs
recorded in the recording media to actualize the respective
20 functions. Creation of dots with the dark ink as well as with
the plurality of basic color inks improves the picture gquality
of the resulting printed image.
In accordance with one preferable application of the
present invention, the specific program recorded in the
25 recording medium for attaining the functions of the print
controller further causes the computer to attain the function
of storing in advance mappings of tints used to express a color
image to combinations of the plurality of basic color inks and

the dark ink to represent the tints. In this structure, the
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dot on-off conditions with regard to the plurality of basic color inks and
the dark ink are specified, based on the mappings stored3isgpRAwana®s This

arrangenent ensures the quick and accurate specification of the dot on-off
conditions. 5 The plurality of basic color inks generally include the cyan

|k has 2 hiPk RBLE i SR oot an gepreh FhiEhE R R fud (e et

l'i ght ness aﬁlg)é{ ’i‘ﬁﬁ@gﬁ?ﬂfkﬁe%x@{ihﬂ Se S%E Iﬁiﬂ%é, Bageﬁdc%]mhx BReSs

possi bl e ap ion e 10 recording In which a specific
program f or @td@idi g adhenddNCtingrs sfrdmemehithtenderitesoldner dus drecoraled.
The present invention is thus directed to a recording nmedium in which a
speci fic programdtse rgegridddatican eodhpdiee doteadablfE pandéitionFhe specific
program actual i zes a nmethod of supplying contral 15 information to a
printer, dwhi ch cr &8EeBlBERILHN (L HAFIG GPLOY 17t rprEadAY FRkudh Be

inti di N der t trol h t f |
ol ural |y of i BPent™a RReSaRa ety Re sl RS o or ERITS0 GRD i

rol'l ing a printing operation

of the printiglo+ The aSPECIHN BaRI QHRM:EBHEEE, FheORREIG the f&1Bbw iile
functions of : 20 specifying dot on-off conditions with regard to a

plurality ofhikashescoherhidiesand gtlanksyehhonyg ithedeabadionce hputinksage
data, the plurality of basic color inks including at |east cyan ink,
magent a i nk,Thame yes | ewcorRinghy daxoheal |ree skl ehagpphicather nofavéi®engt h
regi on 3h | i ght absorpti.on substantiglly 25 identical mﬁ&? th%% Qf_.the

yel | ow i'Hk BRESF 4 8We Medight ndds YR F8nat ARECHFLE HF BT v 9kt T thd

out putting Lficati . i1 .0NS W rd to
Che pl ur al 15 of PR 5020 e BrdntiodPl eyl o BRRierty AL prckSBle o
as the contirBledt¥fd ARt kR 80ra3sté@ €O rekotrienpr nBing, operalidn a36 23
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specific program is recorded in a computer readable manner.
The specific program actualizes a method of supplying control
15 information to a printer, which creates dots with a plurality
of different inks on a printing medium, in order to control
the creation of dots with the plurality of different inks and
thereby controlling a printing operation of the printer. The
specific program causes a computer to attain the functions of:
20 specifying dot on-off conditions with regard to a plurality
of basic color inks and dark yellow ink based on input image
data, the plurality of basic color inks including at least cyan
ink, magenta ink, and yvellow ink, the dark yellow ink having
a main wavelength region of light absorption substantially
25 identical with that of the yellow ink but a lower lightness
than that of the yellow ink; and outputting the specification
of the dot on-off conditions with regard to the plurality of

basic color inks and the dark yellow ink to the printer as the

control information, so as to control the printing operation
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of the printer. There is al so another possible application of the

recordi ng medium in which a specific programfor attaini %ﬂﬁtions
of the printing apparatus is recorded. The 5 present invgggkg%gﬁgi as
directed to a recording nmedium in which a specific programis recorded in
a conputer readable manner. The specific program actual.izes a net hod of
receiving coht# BPREoS$Rtion to control creation of dots with a

plurality of different inks and drivij a_prin ea ich. 10 eat.es dots
with the plural i tf}‘ﬁbﬁredi £F o | ARETHRT S ﬁrsisﬁtttﬁl%g g%%ﬁ]%%&%‘éség e
control inf oLl @ g S8l 0 B Wi a FRES 1 ENEraReahl £6r PAO AM CQUSes
a conputer to attain the functions of: receiving the control information
to control eh€atueBtobndobs whieh pripltumal idppaafaduasiis codasrderks artde dar k
15 yellow ink, the plurality of basic color inks including at |east cyan

i nk, magént sprekenianichyeaition ilsk thehedtvektg@l fow rakordapgngedivmi nin

wavel ength regi on of |ight absorption substantially identjcal wi hat of
the yel I ow i kI Pyte SRGweric IHI&%’?&&% FEROLASE &P h‘éo'%‘iljf%lv?v —?W—{‘aﬁ%

drivi th ' 20 [ | t ; t
ot with  (REVBFET o fEy BT CRaks DLoStar Foke SRt A ol o Ty e o' ©

thereby printédgr&D i1ABRGemalRBnCOHPULBHtI-8adScidier SRECHE Cad«PgLarhr ecor ded
in the recording nediumto actualize the respective functions, so as 25

to create dotmumalihtatof ersifddenticyanks mind tirévimgeat prink, hedad, wiiiadw i nk,
and the dark yellow ink. This arrangenent enables an inmage of high picture
qual i ty 100 berepies detsiwithéhgrp Tyl Bppardttevint ABKFrasemTIhd i on,

oo emper bgteffos st QY S B r2dRRat 18! 5o DE%Lo Yrdih an
image. The specific program causes a computer)to attain the
functions of: receiving the control information to control
creation of dots with a plurality of basic color inks and dark

15 vyellow ink, the plurality of basic color inks including at least
cyan ink, magenta ink, and yellow ink, the dark yellow ink
having a main wavelength region of 1light absorption
substantially identical with that of the yellow ink but a lower
lightness than that of the yellow ink; and driving the print

20 head based on the input control information to create dots with
the plurality of basic color inks and the dark yellow ink,
thereby printing an image.

The computer reads the specific program recorded in the
recording medium to actualize tﬁe respective functions, so as

25 to create dots with at least the cyan ink, the magenta ink,
the yellow ink, and the dark yellow ink. This arrangement
enables an image of high picture gquality to be printed.

In the printing apparatus of the present invention, the

dark ink is supplied by the dark ink supply unit. Other
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possi bl e applications of the present invention are accordingly ink
cartridges, in which the dark is kept. The present |nveQ§@gﬂfh@egﬂwﬁ
directed to an ink cartridge detachably attached to a printing apparatus,
which prints an image with 5 a plurality of basic color inks, wherein the

plurality of ,53si g1 e FYAN ddthSrd 6 GRRDHAESL W &hv@ﬂ@laﬂcaf@ac&@r@m@ﬁs
achromatic color The ink cartridge keeps therein at |east one ink to be

supplied to fthe pamtdidgeappairatwBicHhehenkdadt t s dgephas The|pkeseBErvoir
t hat keeps therein a dark ink, the dark ink 10 having a main maveleng
regi on of I|ghYeabséﬁp@ﬁoﬁhu§u@§?%ﬂﬁ%ﬂI%P|%RH&W%aPaﬁF¥hd$ﬁa@eBﬁcBﬁE Basic
color ink selected.out of % pl ural % aglc color,_inks.but a |l

Euéol% *

| i ght ness thaﬁt?ﬁﬁ?ddPDEh@I§@|&@§é8983§ FhIPTIARS éﬂh%WFQwafﬁ?s i nk
cartridge mgupcﬁhnéydggkba]s"akcaee%gtﬂﬁ{se“@gbfélﬁh&leo w&a e fRAAHALYS tO

create dOtS w't escri’be previ OUS this arrangenent

enhances t hecdegretmif afreessitindd speai i€ aniodheef td hﬁ(pﬂi@ss aBhpbhatic
conditions and inproves the picture quality of the resulting printed

i mge. 20 Incatcnrddﬁue.Nﬁkfcanﬁ;#ﬂgﬁ<ﬂe§mset@ppbﬁoaatoheaﬁtthee preseat

i nvention, the dark ink keg in the ink cartridge has | ower ht ness and
sat uration t RarsHBRSE D% Eeb%’”s‘rfbtj&ﬂ GPPArREUSe| e@i”éd”ﬂ‘h?a&trtl gepirafality

f b I I nk od t f
The 25 pr st o Pt i ¥R b DERE e MR 5 BV RGERLLER 2

mai n “ﬁVﬁjenﬂé@lﬁ§9|9” ﬁQin”D§&véié9§9hy E@%Q&@'”&fa 184t N aBsytsthbe
range, which is substantially identical that of one basic color ink

sel ected outsﬁmst@@tpénlﬁJuﬂgnoﬂchasmdthcannﬁ:|@ksonan®a31@reaﬂen:|ﬁﬂbgral
of light absorptivity in 38 23 Septenber 2003
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink.
Attachment of this ink cartridge to the printing

15 apparatus enables the printing apparatus to create dots with
the dark ink. As described previously, this arrangement
enhances the degree of freedom in specification of the dot
on-off conditions and improves the picture gquality of the
resulting printed image.

20 In accordance with one preferable application of the
present invention, the dark ink kept in the ink cartridge has
lower lightness and saturation than those of one basic color
ink selected out of the plurality of basic color inks.

In accordance with another preferable application of the

25 present invention, the dark ink kept in the ink cartridge has
a main wavelength region for most strongly absofbing a ray in
a visible range, which is substantially identical with that

of one basic color ink selected out of the plurality of basic

color inks, and a greater integral of light absorptivity in
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a wavel ength region of the visible range than that of the selected basic

color ink. I'n accordance with still another preferable appld.Riieonf the
present invention, the dark ink kept in the ink cartridge hglg: ?A% a
characteristic wavel ength region for strongly absorbing a ray in a visible

range to mainl 1ne u t LK 1nk, i,ch i ubst anti al |
i degti cal Wét]ha!%gg%ﬁg%lgt g%?%??cg\f/va\?éﬁengtsg%rlggfgﬁggmgﬁél t;cj"sqscc OC%I € nky

10 sel ected gntedfed healtiradidy @fk basic color inks; (B) a nmean val ue of
i ght absorptivity that i's greater than or substantially identical with a

mean val ue of |ighin agbsodphieiwitlobttinge Sedeededrodeirabtel Hiplidatiord he
characteristic wavel ength region of the dark ink; and 15 (C) a nean val ue
of |ight absdfr pPRPRESSGHalnVEn§ient dihe dath Iakdeemt val tke dhkl ¢agttridge
absorptiyit Epsf_ the selected basic color ink in a wavel ength regi on of
visible [l ght"except the characteristic wavel ength region of the dark ink.

Attachment of the ik £aghitag€eri e GBENYNQPR anﬁgﬁs%orzgﬁggﬁh%éaks s

kept, to the printing apparatus enables the printing apparatus ate
dots with thdbstarkiigk radpiim aarialigbeendepo avesn 1P Qciesiine ghalHdey of
the resulting &ént ed image. |In accordance wth one preferable application
of the 25 pifes favkntingn, wHeh nks canbstageidlly hedekbbpalt wétai m one
basic color ink selected out of_the plurality of basic color inks. In

accor dance VAT AUHSTHE 15 ¥ RF@bPRI BppFegaLRorPlof OneheTstics efL PRV Mk on,
e )0 AR L o S0 R DRk L UL fen O € and
(B) a mean value of light absorptivity that is greater
than or substantially identical with a mean value of light
absorptivity of the selected basic color ink in the
charécteristic wavelength region of the dark ink; and
15 (C) a mean value of light absorptivity that is greater
than a mean value of light absorptivity of the selected basic
color ink in a wavelength region of visible light except the
characteristic wavelength region of the dark ink.
Attachment of the ink cartridge, in which any one of these
20 dark inks is kept, to the printing apparatus enables the
printing apparatus to create dots with the dark ink. This
arrangement improves the picture guality of the resulting
printed image.
In accordance with one preferable application of the
25 present invention, the ink cartridge further keeps therein one
basic color ink selected out of the plurality of basic color
inks. In accordance with another preferable  application of
the present invention, the ink cartridge fﬁrtﬁer keeps therein

black irnk, which is achromatic and has a low lightness. In
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accordance with still another preferable application of the present
invention, the ink cartridge further keeps therein at |eastyeRsgelight ink
whi ch has a hue substantially identical wth that of at |east one basic
color ink selected out of the 5 plurality of basic color inks but a | ower
density thamddwtdamie hetratsdigastnonbelagirereohdl ei afsplTbet a6 asfermnt of
keeping any of these inks in addition to the dark ink in the sanme ink
cartridge sauessdrie inveaftiopacthe reduicradridoet fier thar dgepsi heseincpar ed
Wi th separate ink 10 cartridges that independen keeg one of  these inks

tl )
therein. | nterslood®endd IRitt AlknotkbsD ﬁfae?é’rﬁb‘?es'é%ﬁ]:% 125RY oF98THel 3 esent
i nvention, the.i artri further.keeps thereij i i nk
St ey af PheAel R pEEERPGhISF il 3G oct¥ Buf BRI

sel ected out¥o asi'c-col or at 1l east one

i nk, whigh hag,ahus Sodantd adisrlenkdenhiccal 1vhih &bt o alad easit one
basic color ink selécted out of the plurality of basic color inks but a

| ower densi tof tHwmt Hadasf dre tdsileeasticonenkasi ¢ col or i nk. The
arrangenment of keeping these inks together in addition to the dark ink in
the same ink cart fihdgarfaprghepnsffefeeRéng@ny odphleese dalis &8 I HGOn he
ink cartridge

.. Th .0l or inks includi he dark i i nl
consuned in i@h-é-r %’g]%g"%ﬁ)rlﬁqu}ﬁsishg‘%af I {%F%Fﬁgggfsa%gﬁé%;%?ﬁigﬁ%%% i nk

is mainly Cgﬂﬁﬁrﬁ% i rk:ﬁh r S ALLAt I . i | ngge, for
exanpl e, a doc msntd. e%h%r g%%géﬁgfﬁtrlégggé ?ﬁ%ggp%gﬁgjfﬂ?n é'!::g%l:r'tv\a'/;liéch are
mainly gonswme A%ides Rhbitt iBdspeMen TBEkedpOgRt her thie skhenBanhdrdin.
cartridge, separate fromthe black ink. This arrangenent desirably - :
enabl es only the ilmkacaotdange Wwebpimythek prafienhp learniveth tian o8 thepl aced
according to the image to be printed. The ink cartridge of the gresent

i nventi on mﬁ;@@%@:Anggtggﬁtéﬁﬁépnggﬁgtrldgefurther eeps therein one

basic color ink selected out of the plurality of basic color
inks and at least one light ink, which has a hue substantially

15 identical with that of at leastlone basic color ink selected
out of the plurality of basic color inks but a lower density
than that of the at least one basic coleor ink. The arrangement
of keeping these inks together in addition to the dark ink in
the same ink cartridge further saves the total space required

20 for the ink cartridges. These color inks including the dark
ink are mainly consumed in the process of printing a color image,
whereas the black ink is mainly consumed in the process of
printing a black and white image, for example, a document. The
arrangement keeps these color inks, which are mainly consumed

25 to print a color image, together in the same ink cartridge,
separate from the black ink. This arrangemeht desirably
enables only the ink cartridge keeping inks mainly consumed
to be replaced according to the image to be printed.

The ink cartridge of the present invention may keep
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therein an ink having the follow ng characteristics as the dark ink: (A a
characteristic wavel ength region that is nostly in a vwavelep@hiber 20tge of
400 nmto 500 nm the characteristic 5 wavel ength region strongly absorbing
aray in avisible range to mainly determ ne the hue of the dark yell ow
ink; and (B) a nean val ue of absorptivity of the ray in the visible range
except the cRapEeiBANink haniddehye Koldgiang warartomirfekcd Aarklk0dary 60%
10 The ink car]t(rl dge of the present invention may alternatively keep
therein an i hR*having the following characteristics as the dark ink: (A a

hue included in a @Q’acgifé a efrgt aggs%gg\g ?o%“@ﬁgltl :LQur%ochi}?l e;

and 15 (B) a saturation o t nseII chro

Attachment ofntderdvek ezaydn tr@l.gge oh :Wm Glh anys®6 dhesde bﬂkﬁabﬁekfgﬁct 0
the printing apparatus enables the printing apparatus to create dots with
the dark d nkwaTalength argmivents triongiyvassehieing &t vrg fual vipidflet henge
resulting printed image. 20 The present invention is directed to an ink

cartridge thAtMRERHE @ﬁE‘?’éW‘%’P?e ke wWiaKehnth & Lk 19 6wY Bk wditéh has  a

| ower |ightness th w_ink. . The sent ention §s also
directed to an ink H}ﬁ% dgte]aﬁﬁgtg{géggrp?ﬁgyé?r?fpéﬁ?rf’é’ ]r%%\(’l nV%n%i%l ack
ink. The presghtei g&@,g e]p's B e rer I?':E@hthat
keeps therein Irl]%/Pél | ow |bnk %egrb ?/%Hé%)?vfliﬁgiécﬁgﬁg%rﬁﬁgﬂﬁl gIL% %?llan ‘:’7

magenta i nkramgels | fobh negens a6omnk. The arrangenent of keeping these inks

together in the sane ink cartridge saves the total space required for the
ink 41 2% Sept enbéfh@Q0ink cartridge of the present invention may

alternatively keep therein an ink having the following
characteristics as the dark ink:
(A) a hue included in a specific range of 10R to 10GY
on a Munsell hue circle; and
15 (B) a saturation of smaller than 3.5C on a Munsell chroma.
Attachment of the ink cartridge, in which any of these
inks is kept, to the printing apparatus enables the printing
apparatus to create dots with the dark ink. This arrangement
improves the picture quality of the resulting printed image.
20 The present invention is directed to an ink cartridge
that keeps therein yellow ink and dark yellow ink, which has
a lower lightness than that of the yellow ink. The present
invention is also directed to an ink cartridge that keeps
therein dark yellow ink and black ink. The present invention
25 is further directed to an ink cartridge that keeps therein
vellow ink, dark yellow ink, cyan ink, light cyan ink, magenta
ink, and light magenta ink. |
The arrangement of‘keeping these inks together in the

same ink cartridge saves the total space reguired for the ink
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cartridges, conpared with separate ink cartridges that independently keep
one of these inks therein. In accordance w th one preferablsgy@mpkd ZRKBi on of
the ink cartridge, the capacity of the dark yellow ink may %e set to 5 be
greater than the capacity of the yellow ink. Wen a natural imge, such as
a | andscape or rtrait, is printe the copsunption of the dar I 1 ow
ok tende s oSBECERRRER: (SRlPeih bR BEPRRabE  LIRE yGitGHiAges THRAE
greater capagj d y OM\ | the yell ow i nk thus
enabl es 10 t%ééép%\f}\%e#ﬁ% ?%g%e&lﬁée%\f ufo%%%@git}gggﬁ%éiga J[I{;' t he sanme tine.

This arrangenment dpsiacaidingane@usesh dhe Yesterableé RippY o t ibabd AGSRE Dk Of
the ink cartridge, in which one ink is used up but a large quantity of the

ot her ink stcartredgensthdhmpprasantofi mhentiaok yslhbwoink megt ¢ setahoi nk
15 cartridge that keeps therein dark yellow ink, light cyan ink and |ight
magent a i5nk.b?r@%ﬁ%ﬁ@ﬁﬁnﬁh%ﬁwééb?ﬁfﬁ hBgeyr bk inkget Waen Enngd ReT3hme

ink cartridge saves tgﬁ. got%l 1SRAGE. el red for the ink cartrléigeg

e
conpared w tﬁm%%%ar atein cartri &6@? that® i%ocFetpreanl e’ntJrSy ?(%lerbt%né o]?et hese
i nks therei ncoRQuMBEDNR HAattaladRGR 11N AS t_nkiaNdsCBRegPEaRe POLRARI T,
is printed, these inks are often consunmed nore than the o?her i nks. The
arrangenent otie keepsmgpthen daf ktyeldaoMl dwnkinkhe Fhghyreyaar cakachatd dthe
light magenta ink in the same ink cartridge enables only this ink
cartridge tothe dapt aedd e dakdithgnt bhaheof nidie Ye25 ofo 1be philat erbles

cocor dange WL ON%,BEhel 39 BoapBLical on o e, BrSsey  uenti g, the
(o021 10, BB AHLeBTE (RHRURRL LOBGER 1 ESCALE. I WPl g and
replacement of the ink cartridge, in which one ink is used up
but a large gquantity of the other ink still remains.
The present invention is also directed to an ink
15 cartridge that keeps therein dark yellow ink, light cyan ink
and light magenta ink. The arrangement of keeping these inks
together in the same ink cartridge saves the total space
required for the ink cartridges, compared with separate ink
cartridges that independently keep one of these inks therein.
20  When a natural image, such as a landscape or a portrait, is
printed, these inks are often consumed more than the other inks.
The arrangement of keeping the dark yellow ink the light cyan
ink, and the light magenta ink in the same ink cartridge enables
only this ink cartridge to be replaced according to the image
25 to be printed.
In accordance with one preferable application of the
present invention, the ink cartridge further has a storage
device that stores information regarding a guantity of each

ink kept therein in a readable, writable, and volatile manner.
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Storing the information regarding the quantity of each ink kept in the ink
cartridge ensures the printing operation based on the inRB®eprhiben2603t h
regard to the accurate remaining quantity of ink. This arrangenent
effectively prevents the 5 ink frombeing used up in the course of

rinting. The storage device included.in the ink cartridge nay have an ink
guanti tg i nf or matid ’é%‘b?&é’@ &P@é’?"\ﬁ%%’ﬁ FeIarderd e %@él\}%'l Ptgeﬁa‘f’}ilrst
by the print] r.at a i i h i raat | rdi :
ovant; ty of - SAERARRRL thrt BabbhERgh e d U IR Rk A" Sh0bat iy

witten firspaksa JiPEneXBHI Mna Bl fiead tAr €8gda thhens g tdersheiRingny
area in the storage device accessible to be witten first by the printing

appar atus. Steantigtyhef 1mf or mitiisomrregaediendg efifequantilyypoéventsd thk in
this area 15 shortens the time required for witing the information. This
arrangemént &8k ef¥enebging eyend sUp hen | Hior¢rity vh dfo Wenfdind-en from bei ng

destroyed by cutti of f the power suppl f, t printing. aratus in the
courseof the w11 6harae S Eamenchte fak thr fet Fr fRE Hefadve
cartridge is_us . rSHRR A i S 0 aiysu t he
dark ink to aftilh%glf #@J%%%}mbﬂefg&so aggdt %Itgg%tg:én%gergr'eg??g% %)fé %)%%%S%?h t he
dark ink andtprddvramtenbgerof vy gheqpdnt ing Apphlerusappd iigatvhaghothé he
present invention is accordingly an ink supplier. The present invention is
t hus direct etinformatiok 2ygandipld ehetqrmantfidetdofacacipdink bépt ke theahnk nk
cartrid&g}, wherein_ the ink cartridge is detachably attached to a printing
appar at U¥ an®ekeehd9e htt eFHO%82 1 east one ink used by the printing

o o TSR ARS8 eS8 S WSR3 ebbodckeny o
the storage device or any area in the storage device accessible
to be written first by the printing apparatus. Storing the
informaticon regarding the guantity of each ink in this area

15 shortens the time required for writing the information. This
arrangement effectively prevents the information to be written
from being destroyed by cutting off the power supply of the
printing apparatus in the course of the writing operation.

When the dark ink kept in the ink cartridge is used up,

20  an ink supplier is used to feed a supply of the dark ink to
the ink cartridge, so as to continue‘creation of dots with the
dark ink and print an image of high gquality. Another
application of the present invention is accordingly an ink
supplier. The present invention is thus directed to an ink

25 supplier that feeds a supply of ink to an ink cartridge, whereln
the ink cartridge is detachably attached to a printing
apparatus and keeps therein at least one ink used by the

printing apparatus. The ink supplier includes a sealed ink

reservoir that keeps an ink in a sealing manner, and an ink
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supply unit that feeds a supply of the sealed ink to the ink cartridge.
The ink sealed in the sealed ink reservoir has the foll oWigu@iember 2003
characteristics: (A) a characteristic wavelength region that is nostly 5
included in a wavel ength range of 400 nmto 500 nm the characteristic
wavel ength region strongly absorbing a ray in a visible range to mainly

det erm ne t heuhyey ainiHecHdK £ s ﬁBkuEpm?a@fvaﬁél%égleaiJ&@ﬂdO%thhu ohxthe
ray in the visible range except the characteristic wavel ength region,

which 10 rangesridgen 10%d anB09aTdre innkhe @ liedt ihksrd derseiat bdsi ke
reservoir that keeps an ink in a sealing manner, and the ink supply unit
t hat feeds %O%Jch‘erls'go‘Fh@%Cts%}%’ﬁlW]k to the ink cartri dge The ink havi ng

t he above characte ti c ancl is.s aI e |n t he s¢ 1gd.lS inﬁﬁY
oeervol s Cha e (AR gﬁ?vre Snginopebnen” Ret uh nef by 0l
det er m nes tfg%g&&e&f hh% 'Mvei&#}f tﬁ% gb NBlEuderh ifh thg %belrﬁmgt@héange

of 400 nmt neans t i nk roughl'y has the hue of

yel l ow. The inkrdasertbei dvalvaiaifofreaghsar ptivhgyy dbddenimy al Bathen
vi si bl e range 20 except the characteristic wavel ength region, which ranges
from 10% t oa 6026 ibTdisameans tieinitheletekntias dhleoluki glﬁt hbessinKheand nk

havi ng the characteristics (A) and (B) is accordi ngl y | aceable with the
dark ink. In the e\Bhe MeeR VekEedd RbFHEPtP(EbFYPﬁ Re r|5’ﬁfk RAPETHYEPTS used

up, supply of l%he_ |eg1{kefro 5 (t:l?%rl n#e? ppl a&zglgﬁ t nlg__e rLri d‘ﬁs abl es
cont i nuous i GAC6F The dgrg [2’ § t] mage i gh
picture 1q)ualfguy eJ%éﬁ]kj_@@&&@dﬁd%’l t he ink suppl | er may aI ternatively have
the foll ow ng c%ar acteristics: 44 23 Septenber 2003
The ink supplier has the sealed ink reservoir that keeps
an ink in a sealing manner, and the ink supply unit that feeds
a supply of the sealed ink to the ink cartridge. -The ink having
the above characteristics (A) and (B) is sealed in the sealed
15 ink reservoir. The characteristic wavelength region of the
ink, which mainly determines the hue of the ink, is mostly
included in the wavelength range of 400 nm to 500 nm. This
means that the ink roughly has the hue of yellow. The ink has
the mean value of absorptivity of the ray in the visible range
20 exceptthecharacteristicwavelengthIegion,whichrangesfrom
10% to 60%. This means that the ink has a low lightness. The
ink having the characteristics (A) and (B) is accordingly
replaceable with the dark ink. In the event that the dark ink
kept in the ink cartridge is used up, supply of the ink from
25 the ink supplier to the ink cartridge enables continuous
creation of dots with the dark ink to print an image of high
picture quality.
The ink sealed in the ink supplier may alternatively have

the following characteristics:
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(A) a hue included in a specific range of 1CR to LOGY on a Munsell hue
circle; and (B) a saturation of smaller than 3.5C on a Nug$gbknﬁ@fgng.

This ink may al so be used as the dark ink. A supply of 5 this ink seal ed
in the ink supplier to the ink cartridge enables creation of dots with the

dark ink. The techp%gus ﬁﬁetiﬁéfﬁ&gﬁﬁg ié“%ﬁgéﬁﬁﬁﬁ ; 4ﬁ§io hﬁg?@BGQOPQY a

program code t hat stored Tna conput er a uncti ons™of "t he

printing sysggm ﬁgﬁsgiinﬁugogifghégrangr the 10 printing apparatus of the
present invention discussed above. The conputer then executes-the

respective functi ofs) wadteratidn biespOgEmahande.sCloi iarndingss chirema .
application of the present invention is thus a programcode, in which a
met hod of creati nBhdotinknimay alplbubal is§d gfs dibfef daght inkks fs6upplyoots
print an jmge on a rintigghnediun1is witten in a conputer. readable

hanner . The BBLAGD REEBARAALSTRRdPLAIPPLHET &0 T p8K F4% 1ol 4t SBADOES

condi tions métga£§g§r ftgogspﬁ££glkﬂg d% kPasic color inks and a dark ink
based on inplUt ‘Thage data, "the plurality o asi c col or inks being

conbi ned with one 2Q- 2BehRekub®LXREGSS AGHY ORNPEH €160k, bd MRpUanknt 8K
having a main wavel ength region of |ight absorption substantially

i dentical wbyhatgwedgrodm areichadiac del etorall selactewpuidr do ahdaphutheity
of basic color inks but a lower |ightness than that of the _selected basic
col or ink; ahdnrebheRs|af fheckert iy 67 SE6is Wre BTA bt fen pFetteT t ProFBasi ¢
color i and tFe dark in

roi . k... ba on__the Epecificati n of thg Q Ggp-off
condi ti oms wPEID FER&rPRY e O%E%Fﬁl PGS 8P b b e AL TRE SR ?ée dar k
| nk. A Secongl posshbl e APPALE AN, O Uiz RIGSRRY 1LY EhRRonkSy A PEORT am
code, in which a nethod of supplying control 45 23 Septenber 2003
in the program code. A first possible application of the
present invention is thus a program code, in which a method
of creating dots with a plurality of different inks so as to
15 print an image on a printing medium is written in a computer
readable manner. The method actualizes the functions of:
specifying dot on-off conditions with regard to a plurality
of basic color inks and a dark ink based on input image data,
the plurality of basic c¢olor inks being combined with one
20 another to express achromatic color, the dark ink having a main
wavelength region of 1light absorption substantially identical
with that of one basic color ink selected out of the plurality
of basic color inks but a lower lightness than that of the
selected basic color ink; and controlling creation of dots with
25 the plurality of basic color inks and the dark ink, based on
the specification of the dot-on-off conditions with regaxd to
the plurality of basic color inks and the dark ink.

A second possible application of the present invention

is a program code, in which a method of supplying control
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information to a printer, which creates dots with a plurality of different
inks on a printing medium in order to control the creabh@a,RibdPigoW th
the plurality of different inks and thereby controlling a printing
operation of the printer is 5 witten in a conputer readable manner. The

nmet hod actualizes the functions of: specifyin doé on-of f co'dit&ons W th
regard to atPfoFARrFEYdEC FaBrenEsF or it HES %ﬁ’&gcfsd PESiVﬁktlbésBEUEF} thgut

i dat a, LLV. basi | Qr. | j . i-ned i

bnother o ekbraletbPratyade PASIE BT FRAIHY 60 RRAE Lol 0B

wavel ength regk ar&ftidghls abservitenhes phstrantica by ddemndraad inidshahhat of
one basic color ink selected out of the plurality of basic color inks but

a lower |ighhaessytbanttrhaliong &hprseticygedpbastiovobbr thakprantder is
outputting the specification of the dot on-of f conditions with 15 regard
to the pluravFiyter Hnsi eoBBRELT i TAGIHNE MRBNGArk Thk nathathachephiépsas

the control [nformati.on, s as to contrql .  the inti.ng.operation of the
printer. A tHOPd BossinisoRs e b AoF R prasERRT A ERE MO FeoqrT
program code, i L.chs .af Is b t : 1 k o]
control crea ?Sﬁpgﬁkgg%gy3ﬁiﬁa§l§ﬁﬁ§a |ﬁék%?aﬁﬁg?%%%EﬁgghkgggﬁgﬁggﬁgFgg a
print head, whi§8 T4€dl andehsiranitly bfebpbusatdtor ankd bkehentombkaean a
printing nedium based on the control information, so as to print an inmage
is witten whtla cogpatetheratabtepmasneachThmahet hodlact ubhé z@srkhénks
functions of: receiving the control information to control creation of
dots wi tlY a BaviRgit§ ohebhsi Fa¥eierdfhksTagHon @hr k1EaRt t ABRSPFBELPPtyY of

baste Co" hrKSROELIG EOTORARI, LI 0he AN NEE LRoSHsES ELOTRLC
substanti al | y, #6. 233 SAPL @Fhe20PSrality of basic color inks but a lower
lightness than that of the selected basic color ink; and
outputting the specification of the dot on-off conditions with
16 regard to the plurality of basic color inks and the dark ink
to the printer as the control information, so as to control
the printing operation of the printer.
A third possible application of the present invention
is a program code, in which a method of receiving control
90 information to control creation of dots with a plurality of
different inks and driving a print head, which creates dots
with the plurality of different inkson a printing medium, based
on the control information, so as to print an image is written
in a computer readable manner. The method actualizes the
25 functions of: receiving the control information to control
creation of dots with a plurality of basic color inks and a
dark ink, the plurality of basic color inks being combined with
one another to express achromatic color, the dark ink having

a main wavelength region of light absorption substantially
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identical with that of one basic color ink selected out of the plurality
of basic color inks but.a lower lightness than that of th&epehetzshzbasic
color ink; and driving the print head based on the input control
information to create dots with the 5 plurality of basic color inks and the
dark ink, thereby. printi an i e. Any of the print_controllers and the
printing apph‘ﬁ%?ﬁ%‘ggi."blftr}?ﬁgaﬁr‘éga e Pﬁ@\éﬁt?% O’ai%éa?éﬁ_cﬁﬁ&féum bR&vi de
a  Plurality, ol dRriG I gks-an0 USEs:a s bhitth! Ake: darln e OLrll 1hg:
plurality of*dark 1 nks sinmultaneously according to an Tnage to be printed.

The present hAvemd i S dBe@OSOSLE N Mohavk ; AnREErAYSSigPkBeapRlheaht oS

di scussed below. A fourth possible application of the present invention is
t hus a pri ntbasedtaroltherinpmat coupplolesnfonnabion formabitenddtos aighi hher, 15
which creates dots with a plurality of different inks, in order to control
the creath orPBErabt &Y RiftPpsHecplaranisapd tdiefda¥ieank.  Hrerebrhprppthigr
creates dots_ wih a plurality of basic color inks as well as with a
plurality of YarR®¥%ks, wherein the plurality of basic color inks are

conbi ned wi th one ARPLREMZPriNL LUNtEDI 18H HRELE L0 W 3n PRPpERLLSEs T e
dark inks has a mai'n wavelength region of |ight absorption Substantially

identical wdéh that pfesset basiventdlodr dDcsesedt ebhodel wiyt heovilder ahity
of basic color inks but a lower |ightness than that of the. selected basic
col or ink. Theupality cohtdanif einkXp andclusdes a moddt svatebflecdadkt inh or
specification unit that specifies dot on-off conditions with regard to the
pluralit o?h%RéPEa&&Ité’rC’}i) AREKAI S REMBLLARPPEFLBAEATL IS 2R3N

T R e
other possible applications discussed below. A fourth
possible application of.the present invention is thus a print
controller that supplies control information to a printer,

15 which creates dots with a plurality of different inks, in order
to control the creation of dots with the plurality of different
inks. The printer creates dots with a plurality of basic color
inks as well as with a plurality of dark inks, wherein the
plurality of basic color inks are combined with one another

20 to express achromatic color, and each of the dark inks has a
main wavelength region of light absorption substantially
identical with that of one basic color ink selected out of the
plurality of basic color inks but a lower lightness than that
of the selected basic color ink. The print contrpller

95 includes: a dot on-off condition specification unit that
specifies dot on-off conditions with regard to the plurality
of basic color inks and the plurality of dark inks, based on
input image data; and a control information output unit that

outputs the specification of the dot on-off conditions with
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regard to the plurality of basic color inks and the plurality of dark inks
to the printer as the control information. A fifth possi l23&epepibeca0030n of
the present invention is a printing apparatus that has a print head to
create dots 5 with a plurality of different inks on a printing nmedium

recei ves CONtdeQlarigt8r Al ifiidD 48N LKEObak N8 &SR 119k LhndOtRe ﬁ’!&fhflhtgz

plurality of different inks, and actually creates dots wth the plurality
of different dfnkigrkbdséd dao tthe papantezoastr ahe tohoroat iaforatasdnt o print
an image. The printing agparatgs 10 includes: a basic color ink supply unit
that supplies a pPufafitbyrefshhsecapploratihhe ob the prdganthdadentiarei n

t he pIuraIit%hof basi ¢ _color inks are conbined with one another to

express fachr(')'L i BT LBFOPY FPRRATRIFHK P3P anPEibhaleadubpI TR afsal ity
S R e A Bt AR

wavel ength region o bsor ption substa at of

one basic coketeikBl seheebedi REéritide 4¥ Worlirby @hebasisgr Lok Ut igaks but
a |lower lightness than that of the selected basic color ink; a control

i nformati on wipghtthepllurhatl tyecediéserhat cords,0hn2 @ dtnfadrlyet+ eat & dotsegar d
to dots of the gl urality of basic color inks and the plurality of dark

i nks; and a #éthrigismtrsalinviof ¢hbferervdakshdarehenHdwdipagegoarrofe

i nput control, __.infornmation, so.as to great.e dot s *Wéth the plurality of

basic col or IPEREME KA OPhe™ DIt &° PYBF RSk %Pﬁfé%tel%ﬁpgﬁ us
obj ects, 16 ea&H&@ﬁaegspe&ct1§asﬁ9dco§6¥a@ﬁae§uﬁg+%gﬁggEe%t' gotion o I

becone nore apparent fromthe follow ng detai scription
preferred ephadaieny ofthashe acconpary fg thawnost Hsa?3 vhepteambene2003
BRI EF DESCRI PTI ON OF THE DRAW NGS
plurality of basic color inks are combined with one ancther
to express achromatic color; a dark ink supply unit that
supplies a_plurality of dark inks to the print head, wherein
15 each of the dark inks has a main wavelength region of 1light
absorption substantially identical with that of one basic color
ink selected out of the plurality of basic color inks but a
lower lightness than that of the selected basic color ink; a
control information input unit that receives the control
20 information with regard to dots of the plurality of basic color
inks and the plurality of dark inks; and a dot formation unit
that drives the print head based on the dinput control
information, so as to create dots with the plurality of basic
color inks and the plurality of dark inks.
25 These and other objects, features, aspects, and
advantages of the present invention will become more apparent

from the following detailed description of the preferred

embodiment with the accompanying drawings.
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Fig. 1 is a block diagramschematically illustrating the structure of a

printing systemincluding a print controller and a col orjnf [%}TH hdhzone
enbodi nent according to the present 5 invention; Fig. 22| S eg gléﬁ (i’?agram

illustrating a software configuration of the printing systemof the

enbodi ment; gkkfr BrieRedRTbfabkyThE! HRhkaiyeg the structure of the col or
printer of the enbodinent; 10 Figs. 4A and 4B show the principle of dot

formation in the eaborl psi abaochf dihgraneticriticalilgsil his arst BBy shew
arrangenents of nozzles in the color printer of the enbodinent; Fig. 6
shows the insérnatuzer o€t arerohtiheg syseen Ikclohtnold arigit ceataedddiment ;
Fig. 7 shows a _process of receiving data output froma print head to a
drive buffer 2BRE &S RGIBGEE }m'oﬁlﬁee‘ﬁpi)ﬂ%‘?‘%@t AGRATANSF LR e PEGFERENt ;
Fi gs. 8Aghrggghn§50 re perspective views showing ink 20 cartridges
attachable to'the Ccol'6r printer of the enbodinent; Figs. 9A and 9B are
graphs showi ng obspiyed xquaat iat igo@f BRkKgeaRAS UNPLia-ahiery Nat wotwarages
are printed with the color printer of the enbodinent; Fig. 10 is an

enl arged vi emonfligstrationgod sher pgént2bgebgatan obuhbedembodimestde face
of the ink cartridg(_a; Fig. 11 shows_the contents of data stored in the
storage el ement ofFifie Pnkchematierbly A hlugtratrfivihen sbragivacort ke
conposi tions used in.the C%:ﬁ prigt r_of the enbodi ment; 49 23 Septenber
2005 Fig. 13°PLOR BF&BASEnGhi ROt RECEEFUEREAT | f ghtness with

10 Figs. 4A and 4B show the principle of dot formation in
the color printer of the embodiment;

Figs. 5A and 5B show arrangements of nozzles in the color
printer of the embodiment;

Fig. 6 shows the internal structure of the print

15 controller of the embodiment;

Fig. 7 shows a process of receiving data output from a
print head to a drive buffer and creating dots in the printing
system of the embodiment;

Figs. 8A through 8F are perspective views showing ink

20 cartridges attachable to the color printer of the embodiment;

Figs. 9A and 9B are graphs showing observed quantities
of ink consumption when natural images are printed with the
color printer of the embodiment;

Fig. 10 is an enlarged view illustrating a storage

25 element mounted on the side face of the ink cartridge;

Fig. 11 shows the contents of data stored in the storage
element of the ink cartridge;

Fig. 12 shows an example of ink compositions used in the

color printer of the embediment;
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regard to the respective inks having the conpositions showmn in Fig. 12;
Figs. 14A through 14E are graphs conceptually showing 5 iﬁgqﬁaﬁ&%qgggopic
characteristics of the respective color inks wused in the color printer of
the enmbodinent; Fig. 15 is a graph show ng the spectroscopic

characteristics of mhafk 1gek oy dddoH '&%fo_di%gdfﬁégﬂgﬂzé’é’ of“FLEL' h%h[%gstvp:?th
degree of freedomin spectroscopic settings in 10 a wave eﬁgt reglron of
| onger than 658gawg tFe gchel redpest iMePieksl 8AvAhgCehar oMbbB1 H948s Ofn &gk K
yellow ink on a sheet of printing paper; Fig. 17 schematically illustrates
t he appear andeé* #i®n 13nk supplier used to feed a supply of ink to the ink

cartridge; 15 Fig. .18 is a flowhart showi ng an i mage processin routine
executed in the enfodiSrertt? ERFOUSR dREwATS EBAREF sTencenbralLgcthowinge

enbodi nent; ' ceptual.l.y show a nethod of determning
the rate gf f@r%%??égéggeggrgg%hh cfgc%sf:ll%ﬁj’tcﬁeogﬁlee]ﬁ%%%‘?%ﬂ? cﬁ’ﬁ8§.“§isA and
21B show a biyiad zaf ik RS SriFier 2% it‘fleaeHb%\ﬁgﬁl%E]tt:Show ng a

bi nari zati on process by the error diffusion nmethod executed in the

enbodi nent; Fig. Z3dgshoviss aniexaapl graphweispbivinaddathd n dhe-fraassi 25 of
diffusing the error by the error diffusion nethod;, Fig. 24 shows the
systematic di¥RERTHRHAT 199 gef 2Bk 2B8llavid iI25C thaw resufiesighed by

simul ative utation.of .the dot_recording ratio with regard to each
color ink i %%?lﬁézc%‘@etgfa BPPREF Nyt dfergereéjc?él’t 38&35??5?%@%% et i SIm3

Sept enber 20Q3 kG nyrhh A 070l 1BLGRLEeENna EBE gpbodi ment;

Fig. 16 shows expression of colors with dots of dark
vyellow ink on a sheet of priﬁting paper;
Fig. 17 schematically illustrates the appearance of an
ink supplier used to feed a supply of ink to the ink cartridge:
15 Fig. 18 is a flowchart showing an image processing
routine executed in the embodiment;
Fig. 19 shows a conversion table used in the embodiment:
Figs. 20A and 20B conceptually show a method of
determining the rate of formation of dark ink dots in the
20 embodiment;
Figs. 21A and 21B show a binarization process;
Fig. 22 is a flowchart showing a binarization process
by the error diffusion method executed in the embodiment;
Fig. 23 shows an example of weights added in the process
25 of diffusing the error by the error diffusion method;
Fig. 24 shows the systematic dither method:
Figs. 25A, 25B, and 25C show results of simulative
computation of the dot recordingratio with regard to each color

ink in the case of printing a gradation pattern from red to
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Figs. 26A, 26B, and 26C show results of sinulative conputation of the dot
recording ratio with regard to each color ink in the cags gebieRiberid3g a
gradation pattern fromnagenta 5 to black with the color printer of the
enbodi nent; Figs. 27A, 27B, and 27C show results of sinulative conmputation
of the dot rececsi rgthatthe wolllbrr egdndetroocfathecehbodimekti;n t he case of
printing a gradation pattern fromwhite to black with the color printer of
the enbodi ment; 10FEggs. 2284, 28B, and 28C stiow resalilts offsighmuwliatiere
conputation of the dot recording ratio with regard to each color ink in

the case of FPMRULAGIPRLIREIYN PEELERANE FEhICH tR TegrEaid WP BRI Lol or
i nt i L. ‘ l.aQr. i C . X i - 20A

and 29B show resul'ts of “Sinulative ¢o ron 0 recor ratio

with regagd %@ 3chxkCeli®h ithle B1othereaterobepkhBt bRGoadifkAdat i on pattern
fromwhite to black wth the color printer using only the three color inks
C, M and Y. 20 DESGR.PT7@\ CF/HHEaRPRERPERREDdVBORSIVENT Ofie sipdd. Hthve
carrying out the present invention is described belowin the follow ng
sequence as &oppaftaitiea oebedirerecopding retdgcy Lifle repamgrdt 6268 COACK.

CGeneral Structure A-2. Structure of Ink Cartridge A-3. Dark Yellow I.nk B.
| mage ProcessPglB1tia it &fpBF1BEHBIE ﬂratgra&c?g’é"s p@F%%vaF?IF MRt i on

black with the color printer of the embodiment:

10 Figs. 28A, 28B, and 28C show results of simulative
computation of the dot recording ratio with regard to each color
ink in the case of printing a gradation pattern from red to
black with the color printer using only the four color inks
C, M, Y, and K; and

15 Figs. 29A and 29B show results of silﬁulative computation
of the dot recording ratio with regard to each color ink in
the case of printing a gradation pattern from white to black
with the color printer using only the three color inks C, M,
and Y.

20
DESCRIPTION OF THE PREFERRED EMBODIMENYT

One mode for carrying out the present invention is
described below in the following sequence as a preferred
embodiment:

25  A. Structure of Apparatus

A-1. General Structure
A-2. Structure of Ink Cartridge
A-3, Dark Yellow Ink

B. Image Processing
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B-2. Col or Conversion Process B-3. Process of Converting Nunmber of Tones
B-4. Binarization by Error Diffusion Method 5 B-5. Bi narzalep@mbey2003
Systematic Dither Method B-6. Interlace Process C. Results of Sinmulations
C-1l. Gadation Pattern fromRed to Black -C2. Gadation Pattern from

Magenta to Blagk, 1 rgbg.SF%%de%%gfgr%%ﬁégsgggl}%te to Bl ack C-4.

Application to Printer W our S. plication to Printer

with Three Col grol nkgiof cShiHeLuLs pfoApparatus A-1. General Structure 15
Fig. 1 is a block diagramschematically illustrating the structure of a

printing systeprBnchudcagsacpr cohveodingl RembeAndr arptiésti ng apparatus in
one enbodi nent according to the present invention. Fig. 2 is a block
di agrami | | ust Bati nginarispthanebrohfrgur Rifbusodn thetpednt i ng syst em of
t he enmbodi nent, 20 The B{intln system i ncl ydes a computer 80 connected to
a col or %rintgf5203éﬁa éZGBFBg E%aﬁﬁﬁFeﬁﬁ?l?hglE%ﬁﬁnN%ﬁh%ﬁ)reads and
executes predegegm ng egiggéag§05§ function, in conbination wth the color
printer 20 and 't hé col or scanner i, as the printing systemas a whol e.
The col or scanngesidlteontektpudazbogal or original, that is, an object to be
printed, into color inmage data ORG which are in a processible formby the
conputer 80 abdli ngunadationtbhetcenpufesm 8ed The Bloamguter 80 carries out
requi red i mage processing_and further converts the color imge data ORG

h

into i mge dat@ FNCTafrehearetiern piror dreemie 2 Sndnber 2003 form by
the prinfgr 20.and Lnpyt, [ nto,the ol or Prbler 2951 a0k
C-4. Application to Printer with Four Color Inks
C-5. Application to Printer with Three Color Inks

A. Structure of Apparatus
A-1

15 Fig. 1 is a block diagram schematically illustrating the
structure of a printing system including a print controller
and a printing apparatus in one embodiment according fo the
present invention. Fig. 2 is a block diagram illustrating a
softwareconfiguratianoftheprintingsystmnoftheembodiment.

20 The printing system includes a computer 80 connected to a color
printer 20 and a color scanner 21. The computer 80 reads and
executes predetermined programs tc function, in combination
with the color printer 20 and the color scanner 21, as the
printing system as a whole. The color scanner 21 converts a

25 color original, that is, an object to be printed, into color
image data ORG, which are in a processible form by the computer
80 and input into the computer 80. The computer 80 carries
out required image processing and further converts the color

image data ORG into image data FNL, which are in a printable
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The i mage data processible by the conmputer 80 include those representing
i mages read by the color scanner 21 with or wthout subss@gugiRinbef 2BSSi Ny,
as well as those representing images 5 generated by a variety of
application prograns 91 on the conputer 80. The col or prlnter 20 creates

dots of vari léSEmC lP{Ce)ECESIr ?)gznofgraﬁﬁhgg& QEI nrgéo Laper, t lnq:n GI% i nput

|n'age dat a I'S pI’OC ure enab es a res |ng CcO

i mge corres d 0 t Qpder 80
to be printe ﬁ%n&@%g%pﬁéﬁtsl %gbgéﬁggﬁ% gﬁc?n%h%%ﬁ%%&ion@cd tr}glecsll%egPU 81 t hat

carries out aepvakieaitdnefimpesareaisy eh809192, s camfdd 83, wiath bppuitthout
interface 84, an output interface 85, a CRT controller (CRTC) 86, a disk
control | er (BDDpegRendnpracsssial.i Apuveblt putthonerieure{LItAna Fregeswhi ch
are nmutually connected via a bus 89 to allow transm ssion of data The

CRTC 86 cdnt ﬂ&%%ﬁ@ﬁuﬂof%?’@ﬁéﬁ%y ©d é‘i&ﬂil&at&uoé‘plwwszs TRE BB 87
control s data E%”%g}fs' L .%’o {PEEEHW?MES%&Q{ &'E bé{&éﬁ%%ll%fif d

disk 26, and°8® dri've vari ety o proograns oaded

to the RAM 83raRdo@xeeHERY O¥Y i@ tCRY SdpaPthaabhaine iAbuR DEigRata
provided in the formof device drivers are stored in the ROM 82 and the

hard di sk 26FNCannest i dwrdés tde tHiE gfoceducacpables 4 eteaplioninnetodmrk PNT
via a nodem 24 enables required data and prograns to be downl oaded to the
hard disk 23mgef comraspendingvtonthn ester ndfagretdid WU AP ot BSower

to the c ter 80 activates the ratin stemstored in the ROM 82 and
Lhe har S0P deohgiang. 8" o Bet P tinone AP ol BRbL P RSB tndor ¢ e

control ‘of the opgnatipgea¥stedl $Ac13aSePhe si00ialNeacehak Bukker 20

of this enbodinent Is
variety of operations, a ROM 82, a RAM 83, an 1nput interface

84, an output interface 35, a CRT controller (CRTC) 86, a disk
controller (DDC) 87, and a serial input-output interface (S10)
15 88, which are mutually connected via a bus 89 to allow
transmission of data. The CRTC 86 controls output of signals
to a color display CRT 23. The DDC 87 controls data
transmission to and from a flexible disk drive 25, a hard disk
26, and a CD-ROM drive (not shown). A variety of programs
20 loaded to the RAM 83 and executed by the CPU 81 and a variety
of programs provided in the form of device drivers are stored
in the ROM 82 and the hard disk 26. Connection of the SIO 88
with a public telephone network PNT via a modem 24 enables
required data and programs to be downloaded to the hard_disk

25 26 from a serer SV on an external network.
A supply of power to the computer 80 activates the
operating system stored in the ROM 82 and the hard disk 26 and
a variety of application programs 91 undexr the control of the

operating system.
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jet printer that forns dots of seven different color inks, that 1is, cyan,

l'ight cyan, magenta, light magenta, yellow dark yellowy3apgehbacioznks,
on a sheet of printing paper and thereby 5 prints a color inmage. The ink
jet printer applied in this enbodi nent uses piezoelectric elenents PE to

el oot Ink as  di scygsedol alep.  Ther bid MekyT8) onbUENShe have @il dhahead

that ejects ink by anofher nrque, for exanp means of bubbl es

that are gengLatefihfle AR HAMKEELMEWdE DY BeepPEYEEdPenf cRlleet 1nks | Ythat a
heater di spoSed in the ink conduit. In color printers driven by other

principles, fier, eyaml 4ightasgramr imsgems aand-itgidr mealgetvtans fred Lomi . ndardk

there is no fear of tearing or runpling the printing medium _Application
of a large geddwom.yapd bih@@?‘o%ﬂ]f%eoﬁr‘? ﬁgleﬁﬁ %HF&W%?,DE}%@%?F €C3use

bl f ink blot | -off . _The.techni of _th dis .
B Scusseds belSwridy 2 fs-Po Wi caBPe thRedan Loireh anpdtealfoinis |
to Fig. 2, %fn‘o%%i%%mutlfsfeéopi@iéelté&ﬁfwléf@}ﬁérpﬁ”s PEOOE4NE 84t Wakk wrder

[
the control of thé operating ™ 20 system A video driver 90 and a printer
driver 92 are@jdnGeeorated. i nTiderdpaeat nag, Sysienr ahdvienager tat dead put
fromeach application program 91 are output to the color printer 20 via
the printer dhaterj@2tsThekappl avathen peolrian®l fomatexaiibkios 85 "NShput

i mge, for exanple, by retouch causes the 25 input in(%gf ,taéjen from.the
col or scannef2Pubbliss dhep FedIeBATEREICRT 23 ik THE WY & iVEP-50

checki ng¥he SXdrast Iy THag® on RS Serf 58t FaC B5R St oAt br ogr am
91 issues a print 54 23 s3epLenbers 9% ens$ bUBErehindip IRy N eF eftampae , 92
of the conmputer 80 receives

laser printers and.thermal‘t:ansfer'printers, there is no fear

of tearing or rumpling the printing medium. Application of

a large quantity of ink on the printing medium may, however,

15 cause problems of ink blot and peel-off. ‘The technique of the
embodiment discussed below may thus be applicable to such color
printers.

Refer_ring to Fig. 2, in the computer 80, all the
application programs 91 work under the control of the operating

20 system. A video driver 90 and a printer driver 92 are
incorporated in the operating system, and image data ocutput
from each application program 91 are output to the color printer
20 via the printer driver 92. The application program 91 that
processes an input image, for example, by retouch causes the

25 dinput image taken from the color scanner 21 to_be displayed
on the CRT 23 via the video driver 90. This enables the user
to carry out the required image processing while checking the
displayed image on the CRT 23.

When the application program 91 issues a print

54



i mge data fromthe application program91 and carries out predeterm ned

i mage processing to convert the input inmage data to inagesdatanENoothat
are printable by the printer 20. As 5 shown conceptually in Fig. 2, the

i mage processing carried out in the printer driver 92 is mainly classified
into four nodules, that is, a resolution conversion nodule 93, a color
conversi on insfureciolon g thel ProREeRvHlve ™82 ohdharcemrereall hvdateede.

The details of the_img rocessing. carried out by each dule 10 wil] be
i Scussed | aEASS 1L SR dEee. PRULTORHLEY Pheopi ndbran voerids bkt

subj ected to i i S ) d and
are out put a%}%]ﬁ%éé?rﬁlg?gé %g?ﬁ%ggﬁﬁ%tﬁ%n%% ort Iirl%ri n e$ \iglggéTﬁié@%ol or
printer 20 ofq tisge eipesi MenttioeSamOpEaitab @byt it Fagatprogessiag but
sinply 15 creates dots according to the input inage data FNL. A nodified
appl i cat ison shywn lhoneegriuaddys gn tfhiay .c 8l othgrhimager p2@ce ©s tag cprrdgd part of
the i mage processing. Fig. 3 schematically illustrates the strug%gggs of the

col or pri nt ek 2heiBEXHQL EXHYAT LS MPHE LT RS HHEFRELNE0 H0a Mo
hani f drjvi int.h 41 i 4 i t
rechant ST of  dij uing. 3. pr i 1SRl 43 FRUNEGH A0 865 L0 400k o BRLETEr

i nk ejecti ont i a mechanismo hovi ng thé carri age _
forward and ,p@&]lgy@r 4y ,a'zg%%fl%'%o%' fo8hi1e P! al,e0 36 iRt FRABS Rbaaisass i age

notor 30, a mechanismo eedi ng a sheet of printing paper P by neans of a
sheet feed 2phéletaids o@ntha igenter procéssimg GirriEieonedharasim ndédule
reci procating the carriage 40 along the axis of the platen 36 includes a
sl i di ng I$hafwiBBbehtitseldsbletapl dsThehamage @iaé;@erem*éﬁ¢ Bﬁd’&? Pﬁl’bﬁ?%l | el
with the axis of the platen 3 6, a. gu{ley, 32 t hat is_Iinkgd vvirtnh ttr)le
carriage not@FLBEN\A% P ENGNESESE5LI MR ol PTGES Sy 8 pEPF8E Rhanned
t her ebet V\Benthgnrdesa};)é)cqcsi'x;é %%d%ﬁ%@oénéllare output as the final image data
FNL. to the color printer 20. The color printer 20 of this
embodiment does not carry out the image p:ocessing but simply
15 creates dots according to the input image data FNL. A modified
application may, however, cause the color printer 20 to carry
out part of the image processing.
Fig. 3 schematically illustrates the structure of the
color printer 20 in this embodiment. The color printer 20 has
20 a mechanism of driving a print head 41 mounted on a carriage
40 to implement ink ejection and dot creation, a mechanism of
moving the carriage 40 forward and backward along an axis of
a platen 36 by means of a carriage motor 30, a mechanism of
feeding a sheet of printing paper P by means of a sheet feed
25 motor 35, and a contrel circuit 60. The mechanism of
reciprocating the carriage 4C along the axis of the platen 36
includes a sliding shaft 33 that slidably holds the carriage
40 arranged in parallel with the axis of the platen 36, a pulley

32 that is linked with the carriage motor 30 via an endless
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that detects the position of the origin of the carriage 40. The nechanism
of feeding the printing paper P includes the platen 36,23 Repefipgt2obsed
notor 35 that rotates the.. platen 36, 5 a sheet-feed assist roller (not
shown), and a gear' train (not shown) that transmts the rotation of the
sheet feed notor 35 to the platen 36 and the sheet-feed assist rol Ig The
control ci r%}‘fe 6 Y alls FPERRSAghBPESPELYURGAR aF@&ﬁﬁt&onpaﬁBPOgg 4o

the printer 20.gnd. adeguatiel v, contygl 5,4 N onenations gLeTgawﬁang@@.feed

notor 35, th I age ot or pri nt

printing papgfe mé@ﬁaﬁﬁsﬁhgfcﬁééﬂlﬂé'ﬂﬁ@rprzﬂtiﬁghﬁéﬂeﬁetmﬁﬁﬁlﬁ@@spfﬁéen
3.6 and the sheet-tfeed assist roller and fed by a predeterm ned | ength

according. tglatern @t itaratheay!feaf mbherpt At t36otdbe b nihe plartiedges, 42
and 43 are detachably attached to the carriage 40. In one exanple, the ink
cartri dgé 42ardeeinifeedlagsk stKyrothRTkEmt Shemdin, a@ﬁe@ «wpr fEaipknot

fﬁrkts”d?ﬁaf3$£351&y%ﬁa?%?t'r%ﬁ%a%%g%l@iH%r%‘1 etk eeb RRSPE 90 o
three addItIP igf?%£§§ égﬁﬁiéﬁee£'9@&d%&%ﬁs&#§allef'gh%ec@&@@f&ﬁ

(LM, and dar ept therein. Nanely the color printer 20

has dark i nkciﬁc@ﬂ@“ &6 obrd0srihes sdapdard td rinanicbnr agabdikolyphhew, sand
light ink in addition to the standard ink with regard to cyan and nagent a.

25 The Conbi@ﬁttMElmﬁlntEBEQGrﬁﬂﬁluﬂﬁdmat@ﬁang@dtrﬁés tb&anp&eatih@Sdgfk

yel l ow (DY) ink, the light c i nk, andthell enta (L i nk

my be Kébt the gheqhiEessr F‘P%H@e 5, IWedﬁ’é‘trﬁélagéxla%‘P% leasp ﬁBedéﬁ%EIel | ow

(D1 % PR G0 5k 5PBEALA FELLL S06eq T L DAGL 59 pho e
20 is held between the platgn 36 and the sheet-feed assist
roller and fed by a predetermined length accordingﬁfo a
rotational angle qf the platen 36.

15 Ink cartridges 42 and 43 are detachabiy attached to the
cdrriage 40. In one example, the ink cartfidge 42 has only
black (K) ink kept therein, whereas the ink cartridge 43 has
a total of six different color inks, three basic color inks,
that is, cyan (C), magenta (M), and yellow (Y) inks, as well

20 as three additional color inks, that is, light cyan (LC), light
magenta (LM), and dark yellow (DY) inks, kept therein. Namely
the color printer 20 has dark ink in addition to the standard
ink with regard to yellow, and light ink in addition to the
standard ink with regard to cyan and magenta.

25 The combination of these inks may be changed. For
example, the dark yellow (DY) ink, the light'cyan {(L.C) ink,.
and the light magenta (LM) ink may be kept in one ink cartridge.

In another example, only the dark yellow (DY) ink may be kept

in a separate ink cartridge. The structures of these ink
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The ink cartridge 43 has a storage elenment 52 (see Fig. 6), in which

pi eces of information, for exanple, with regard to the Qgrggf,t@;nggrzom
guantities of the respective inks, are stored. 5 The storage el enment 52 has
an EEPROM The conputer 80 wites and reads the data regarding the

remai ning quantities of inks into and fromthe storage el enment 52 via the
control circuartgeigsts mdlcéleordlmqwd 4@ dpRéldet@tPF -of the process of

reading and witing the data regar t he remsumn uantl i nks
will be discussed &&Pe%n K1¢r by ‘ilﬂeh a&aﬁlaaﬁfs%%%ed %%mﬁ?e%gﬁﬁq ‘on of

the carriageg 40 Qaahhgh gi%ﬁéé%ﬂf gﬁ%%m%lo , £36 eéémp%Y Iv?’ﬁth% d:hat

respectivel y drrespon Y, an nks suppl y

condui ts (noty ShRUWen i@ i §8an £ 0fiéHorlbhd esppetityeel 116s | Arkherdaaid.om of
the carriage 40. Wien the ink cartridges 42 and 43 are attached to the

carriage 80, Theestoesgecéiemenhks2 eyt annEEPRON nk Ther coingyésr4P0 sl t4d ar e
supplied to the ink ejection heads 44 through 50 via the corresponding ink
suppl y conduiansl rgRasstip|dR s rﬁrﬁ’l@rfiéé‘gt Bh?(}'eé'&blﬁud’fg arenitikigfect ik heads

ori Nt g papcrit® SaEeBFaTnbE s PTG & s ¥ids ERE neTBC HE T HA Shows
the internal #C ﬂ{e .@c{(léf;?lpiﬂ{ér head 'IgA d%q;r tllise'o@“tﬂéoﬁo%%éﬂz A €
of the in

formed in eac g/ ection he rough 50 corresponding to

t he reSpeCt'%%dﬁﬂdgéndEﬁﬁﬁlﬂgaﬂkﬁdﬁaaﬁﬁydﬁdimgmm@kbmﬁinaﬂdqmantltles
pi ezoel ectric elenent PE arranged on the ink conduit 51. As is known by

those skl | ext iimkisheridrlt bet ldd spiuszed datteirc el enent PE deforns its

crystal structure by application of a voltage and i Ierrents 57 23
Sept enber 2003 an &xer E%P? hegf- %Jpéjé‘cFF&ﬁﬁngéﬁ &heot @?Ec???%“a‘?n Her ¥ i nto

carriage 40 has ink ejection heads 44, 45, 46, 47, 48, 49, 50

that respectively correspond to the K, ¢, LC, M, LM, ¥, and

DY inks. Ink supply conduits (not shown) are formed for the

15 respective inks in the bottom of the carriage 40. When the

ink cartridges 42 and 43 are attached to the carriage 40, the

respective inks kept in the ink cartridges 42 and 43 are

supplied to the ink ejection heads 44 through 50 via the

corresponding ink supply conduits. The supply of ink fed to

20 each of the ink ejection heads 44 through 50 is ejected from

the print head 41 to create dots on the printing paper P
acéording to the technique discussed below.

Fig. 4A shows the internal structure of the print head

41. Forty eight nozzles Nz are formed in each of the ink

25 ejection heads 44 through 50 corresponding to the respective

colors. Each nozzle has an ink conduit 51 and a piezoelectric

element PE arranged on the ink conduit 51. As is known by those

skilled in the art, the piezoelectric element PE deforms its

crystal structure by application of a voltage and implements

Y



mechani cal energy. In this enbodi nent, when a preset voltage is applied

between el ectrodes on either end of the piezoelectric e%fﬁ%ﬁ&ﬁbgﬁof)@r a
predeterm ned time period, the 5 piezoelectric element PE s expanded for
the predetermned tinme period to deformone side wall of the ink conduit

51 as shown _in F»'%;%%%EY J#hgg}_vﬁoéeuer&e.c%fnvteﬁﬁiiolﬁkofO L{rAdad $rc8dHCedto

accordi ng t o®Phe* e piezoelectric element PE. A certain
quantity of |nk, cotrespongd t gt beikedisddaRers, WBes) eqirtetsvaltagk
particle Ip W?Slrlngﬁ%g;sﬁoéz)rg e% gtn gﬁﬁiggh speed. The inquoarti cle Ip soaks
into the prinkingppapen Poseteen tbeecpiraties 36nanditbeat esnd def ofPehe
printing paper P. Figs... 5A and 5B show possi bl e arrangenments of jnk,jet
nozzl es Nz opitheecilpktejiectlowetends Zor ehpeript Soninef hae H%me‘gé PJS of

Fig. 5A only the black (K) ink is kept in the_ink. cartrj as
the six dbffpieared6rsritkematatEils exp %Fféf?ﬂ%ﬁb%ﬁ?gggﬁf,£§%¥?§&§(Y),
light cyan (LC), Light ent , r 0 i K Ss ghowkept
in the ink ®&§FtPdb8 %%Eg’%%coo“ﬁ%%gg{{ei ‘S%ng&g é&%ﬁg’?‘i %ﬁlﬁﬁ?fmﬁi fforent inks 20

in one ink cg trfiicbg.e gesi rabl yvhedueest e exfik reshdwibeslofis irekduced
cartridges and the total space required for attachnent of the ink

cartridges. Lpcagatiher texahpl expanshomnof nti iR elataiDy qliemardy Fhe kept

with the LC and LMinks in the sane ink cartridge. In still other
%ot%\f“irrﬁ?%c%

exanpl es, the D¥ritekinmayabsikgpef PBKyFPRTEFROFIIRG R 5 the

K ink. As shown in Fig. 5A _seven nozzle_arrays i ective
col or ink8 a@éieéit&?t%%,anaJr’ékP&F%é&RF?? %é:oglo eo%og g?ﬁ%?%%ﬂ%essb%%?ti ve

nozzl o Mo atPEngRl TA oL S et by P3005 A¢ T presct nosel e pitch
k. The fortyp@]a@@n N7 RS Nedthel wdedt on the printing paper P. |
Figs. 5A and 5B show possible arrangements of ink jet
nozzles Nz on the ink ejection heads 44 through 50. In the
15 example of Fig. 5A, only the black (K) ink is kept in the ink
cartridge 42, whereas the six different color inks, that is,
cyan (C), magenta (M), yellow (Y), light cyan (LC), 1light
magenta (LM}, and dark yellow (DY) inks, are kept in the ink
cartridge 43. Accommodation of a plurality of different inks
90 in one ink cartridge desirably reduces the required number of
ink cartridges and the total space required for attachment of
the ink cartridges. In another example as shown in Fig. 5B,
the DY ink may be kept Witil the LC and LM inks in the same ink
cartridge. In still other examples, the DY ink may be kept
9% with the ¢, M, and Y inks or with the K ink. |
As shown in Fig. 5A, seven nozzle arrays, from which the
respective color inks are ejected, are formed in the bottom
faces of the respective ink ejection heads 44 through 50. Each

nozzle array includes forty eight nozzles Nz arranged in zigzag
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in each nozzle array may be arranged in alignnment, instead of in zigzag.
The zigzag arrangenment shown in Fig. 5A however, has aP3gaMaﬂgﬁq@03hat
‘the nozzle array can be designed to have 5 a snall nozzle pitch k.
Referring to Fig. 5A, the ink ejection heads 44 through 50 of the
respective colors are shifted in position in the noving direction of the
carriage 40. Si Agerddier nezzhesitidickudethd fioeagheigit rpeelésiizhacl aded
arranged in zigzag, the 10 nozzles are also shifted in position in the
nmovi ng di r ectimmactf nbheleanriagenad beThsrapaedoln @lianneng) drstradcof or

printer 20 drives the respective ink ejection heads 44 through 50 at
sui t abl e headl®ENgEag i hES W%%%Waidrﬁeﬂ‘%cﬁgﬁ’tmt% Fl@o‘ssgi’ (I;}r‘]%‘fever’

di ff f th I ' ' 15t ; ' d
riving the s rBstaeegEigt il AR A0%RRE TR Rap O DR AL PR

control @i rcuidn b0 idbiee GO Qsn pEinter 20. The control circuit 60
includes a CPU 61, a PROM 62, a RAM 63, a PCinterface 64 that transmts

data to and from t lrefmanpitento8diga Jer igheeiak @fecyiiopieads AputhoPut
unit (PIO 65 that transmits data to and fromthe sheet feed notor 35 the
carriage noto¥0 30 il resPePLETenemers 2¥¢ nghiheed gy RO IR bt 1EPe 67,
The data regarding the renaini uantities of jnpks qr_the antiil of
consunpti on dreY QFEePE&anf§%1B ewFFFFéﬁant(ﬂthegéPS?a&%Ebgag%%ﬁ%%t 52
i ncorporated j g ri . [ BLQ ~6Pandbg O] Lyegzhuf fehe 67
functions to %§E$§€?%g$1%%%%f?gggaégfgbﬁﬁgg$ g'inﬂ e?%gtiéh heggsg 44

through 50. Tiese & efmntas s enifdbbalh ypsonnest ed tha Aoblisg68itecal bow
transm ssion of data. The control circuit 60 further includes an

oscill ator 70of hat &or23Bepbenbire 2003 rodtgutanidr pQiafythaveflermprinter

sel ected frequencies and a . .
20 drives the respective ink ejection heads 44 through 50 at

suitable head drive timings by taking into account the
positional differences of the nozzles in the course of moving

15 the carriage 40 and driving the nozzles.
Fig. 6 illustrates the internal structure of the control
circuit 60 in the color printer 20. The control circuit 60
includes a CPU 61, a PROM 62, a RAM 63, a PC interface 64 that
transmits data to and from the computer 80, a peripheral
20 equipment input-output unit (PIO) 65 that transmits data to
and from the sheet feed motor 35, the carriage motor 30, and
other elements, a timer 66, and a drive buffer 67. 'The data
regarding the remaining quantities of inks or the quantities
of consumption of inks are read from or written into the storage
25 element 52 incorporated in the ink cartridge 43 via the PIO
65. The drive buffer 67 functions to supply dot on/off signals
to the ink ejection heads 44 through 50. These elements are
mutually connected via a bus 68 to allow transmission of data.

The control circuit 60 further includes an coscillator 70 that
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distributor 69 that distributes the outputs fromthe oscillator 70 to the
ink ej ection heads 44 through 50 at specified timngs. Theseaghb&l2088r cuit
60 constructed as shown in Fig. 6 5 receives the image data FNL out put
fromthe conputer 80 and tenporarily stores the dot on/off signals in the
RAM 63. The CPU 61 oytputs the dot data to the drive_ buffer 67 at preset
timngs synchFoRstkS yHWQYﬁnghé"aéfp? A% N3t o oS teRe et TR C IR 0ARS5 @nd

the carriage 4|9 f j i i of. creating
dots in responseJfggfﬁéga§gaﬁﬁ%é§yéﬁg%a gﬁ%ﬁ$§%¥ﬁ¥$§%gﬁ%é%gﬁ§%é?§§?rthe
drive buffer #@/toRit® ifkid{dislilal BSag§OMICEh+ B0 004E spReZZh 8ad¥ imddndd) t he
ink ejection heads 44 through 50. The nozzle array in each of the ink

ej ection heads 44 tiheowghtT®llbirsuincbkodednisbracted castshown win ghid hes
drive buffer 67 works as the source _and the distributor 69 as the sink.
The pi ezBel &aG8i¥es dbenddage dsitreENbnarRBut of ToR oo Z¢@BPWNEET i§ftlafded in

t he nozzl e array have ,one. el ectrodes respectivel connecte o_the
respective o&egﬁrétoﬁaérrlr%lyngltgrgfs %ﬁ% ‘%ﬁ \?él/f%fbﬁf’gé?l%f% % gé*"o?%}ér The
el ectrodes celdeghi ¥gkyueaneaet 8t tdntd N& AHPHE L8 BhBALL 0k 7 the preset

di stributor 69. The driving waveforns of the oscillator 70 are output from
the distributtdming® aynehawhouslli gith. t¥Beapshet GPhk 64F Otk Uitse dther et
on/of f signals of the respective nozzles to the drive buffer 67, only 25

t he pi ezoel edotior SSemmdt $hRE ceardiagiengotthe GN.signal are driven in

response_to the outgut driving waveforns. The ink particles 1p are thus
ej ected £Yom t he nd22| EQLLOVIRE sTdiTides 8 PHeE b SifcEFPRELRY iRt 4 1PE

Lot Have ! SaRll e hhe 90 LA LR DAL SLoR TS cieRLETe
the drive buffer 67. Fig. 7 illustrates connection of one
nozzle array in the ink ejection heads 44 through 50. The
nozzle array in each of the ink ejection heads 44 through 50

15 1is included in a circuit, in which the drive buffer 67 works
as the source and the distributor 69 as the sink. The
blezoelectric elements PE corresponding toc the nozzles Nz
included in the nozzle array have one electrodes respectively
connected to the respective output terminals of the drive

20 bpuffer 67 and the other electrodes collectively connected to
the output terminal of the distributor 69. The driving
waveforms of the oscillator 70 are output from the distributor
69 as shown in Fig. 7. When the CPU 61 outputs the dot on/off
signals of the respective nozzles to the drive buffer 67, only

25 the piezoelectric elements PE receiving the ON signal are
driven in response to the output driving waveforms. The ink
particles Ip are thus ejected from the nozzles corresponding

to the piezoelectric elements PE that have received the ON

signal from the drive buffer a7.
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di scussed above drives the carriage notor 30 to nove the ink ejection
heads 44 through 50 of the respective colors relative to3kBgeRbiito0RY
paper P in the main scanning direction, and 5 drives the sheet feed notor
35 to shift the printing paper P in a sub-scanning direction. Under the
control of the control circuit 60, the print head 41 is driven at adequate
timngs while the main scans and sub-scans of the carriage 40 are
repeated. The col orhprédier paimceornd RakYngr thé shar &l cob iighaae ien t he
printing paper P. A-2. Structure of Ink Car-ti:i-doe Fig. 8A shows the
appear ance ofiithessrk shovei digbvds tlat tcaghdchgeombltiercdD oto prave érhe?0.ngf
this enbodiment. As nmentioned previously, the ink cartridge 43 has the
total of 15 &iRCELPRfheRrdhtdichhEPudghied °¥h%ﬁe respegidvecyolors grladyd® (Lo
, magenta (M, . light . nagenta (LM, yell.ow (Y), and dark yellqw_ (DY) . nks,
cept Cher o o CoAEbESRGAAEEER Brbgthr 5 145 e ARRuPE diRieethosinbhan
cartridoes deshtall ynpedheee £iiea A 5ed BUBREE: Ofnd N GR{d dagtiand the
total space required 20 for the attachment of ink cartridges. The ink
cartridge 43inhasubhecshoriagedeteseindn 52 Unfdrudhagditer AEBRAMe iconwiriodh
various pieces of information are stored as di scussed |later. .The quantities
of the respeetirgalitobr thispképt head el isidriaran iadgadezuate démangisned
according to the expected 25 quantities of use of the resgectivgﬂcolor

i nks, so as V81L&t t8Ly MAHE AN rF TS Fhet{uahtrtv28f £ReB9 i nk
is set rea - th u i i : nL it f ot C ink
is set g?eat Fé:rgb'?hgﬁat'he@%%aﬁg%%yggi?ﬁggcyijnE%cﬁggngggnFF%tgf % gllc_) i nk
is set gr@atemnatBabnt BReUpg2RhtlixgOpapBe Bl 23 Septenber 2003 Mink. The
arrangenent of setting the quantities of inks kept

- n i

Fig. 8A shows the appearance of the ink cartridge 43
attached to the ceclor printer 20 of this embodiment. As
mentioned previously, the ink cartridge 43 has the total of

15 six different color inké, that is, cyan (C), light cyan (LC),
magenfa_(M), light magenta (LM), yellow (Y), and dark yellow
(DY) inks, kept therein. Accommodation of a plurality of
different inks in one ink‘cartridge.desirably reduces the
reguired number of ink cartridges and the total space required

20 for the attachment of ink cartridges.' The ink cartridge 43
has the storage element 52 including the EEPROM, in which
various pieces of information are stored as discussed later.

The quantities of the respective color inks kept in the
ink cartridge 43 are determined according to the expected

25 gquantities of use of the respective color inks, so as to satisfy
the following relations. The gquantity of the DY ink is set
greater than the gquantity of the Y ink. The guantity of the
LC ink is set greater than the gquantity of the C ink. The

quantity of the LM ink is set greater than the quantity of the
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in one ink cartridge according to the expected quantities of use of the
respective inks enables all the color inks to be used upsatygmBstamsi ally
the sane tinme. Nanely this 5 arrangenent reduces the waste of 1nk. Figs.
9A and 9B are graphs show ng observed quantities of ink consunption when
natural inmages, such as |andscapes and portraits, are printed with the

col or printeM 20kof T arg@vadmesit of Fel idovs thedivprit ti¢eofoinkhekept
respective cqlor 10 inks are varied to sonme extent by a variety of settings

in the col offpPPAt EPF2OPRETHESR AR Tt eto the expeEted ipmtities ofof
use of the rg&%e%' \é?leCPC'e%Sk@E%eC%HkﬁhQMQMEés O 1 d@“édlﬁépi%éé ! eodtr%\é 15

such observed values. Fig. shows the nean consuned quantities o
respective celsy i 0ksS skt hsupgadt it typicgal 5ihe i¢Bges  fghdidd NGnis

| andscapes and portraits. In the graphs of Figs. 9A and 9B, the consuned
guantity of eadangementi meduseshdive wasta oél anhkve value to a predeterm ned
reference value. Fig. 9B shows the consumed quantities of the respective
col or inks 20 whenFagsN1%B3aaid OF mdge orsppsi ahedlbutoFervefh afenitdittiesn

color digital standard inmage data (1SQ JI$S-SCID). The high _definitian
col or digi tans%%lﬁmW‘WP&dg’“d‘d?ﬁn&Pe“ﬁP&pPW@&EFn SHFe 3ot LT CRFE AREge

data, so thapllie gut LIRS, dakgaals e oalyer bodl 0 BGR LIRgs, data.qnd

output to th orf printer for printing. e curves

in both Figsem38aandn?B reps aseiiunddeuueksanved gyanhé tiapoitiviKk color
consunption with the color printer that does not use the DY ink but uses

only six1®nkspksCaréGamjed Mo ¥omangkieniShyce whelatat wifabetrhges igemdeal | y
62 23 Septenber 2003 have a Iarge fraction of nediumtones, the greater
quantities color printer 20 as described later. The expected quantities
of use of the respective color inks can, however, be roughly
specified by such observed values.
Fig. 9A shows the mean consumed quantities of the
15 respective color inks with regard to typical nine images
including landscapes and portraits. In the graphs of Figs.
94 and 9B, the consumed guantity of each color ink is shown
as a relative value to a predetermined reference value. Fig.
9B shows the consumed quantities of the respective color inks
20 when an N1 sample image is printed out of high definition color
digital standard image data (IS0/JIS-SCID}. The high
definition coleor digital standard image data are supplied in
the form of CMY image data, so that the input image data are
converted to RGB image data and output to the color printer
25 20 for prin%ing.
The curves of dotted l1ine in both Figs. 9A and 9B represent
the observed quantities of ink consumption with the color

printer that does not use the DY ink but uses only six inks,

Cc, LC, M, LM, ¥, and K. Since the natural images generally
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of the lighter inks, that is, the LC, LM and Y inks, are used to print
the natural images. The DY ink has a color that is simbagehemBermoggure of
the Y, LC, and LMinks as described 5 later. The simlar 1 mages can thus be
printed by creating dots of the DY ink, instead of creating dots of the Y
ink, the LC ink, and the LMink. The curves of solid Iine in both Figs.
9A and 9B rept®seRt 1EREeoPERF VRN faferirBstones nktho A¥gApEr FaRhkhiehe DY

ink as well as.the other inks are.used to_pri an i e, The_ rati o, of
repl acenent oft (HE ilggtt?r thES L%hd%t S Bﬁﬁ ﬁ'e}‘%m 88??%’?% 't REC DV Yot s
may be vari ed: QGoofdh nghd ¢ attha1CaMRGEEt T OfhOfnt RenDY sk apdothenygage of
the DY dots as discussed |ater. The rough tendency iIs, however, understood
fromthe nmeasstimeieant tesuldixishewod bl gs. LEA and 9B. idbks Ass ciesdtybed

understood fromthe neasurenent results of Figs. 9A and 9B, when a natural
image is pri makeunsi Thet penbyar dowugest pen dousupprirénteld Pherpyting datrls to

be greater tha that of .the Y.in ee the curves of _solid lipne in Fjgs.
oA gﬁgddQE%S) ot &fﬁ@ﬁ ilalgfedla?éwﬁuéfty?r%amw%m the k. dB]i‘%_,f‘(%O |

e ots, .are C nat yra ou
usi ng the DY dot’s se(LaMt 2‘5"(5:&?\5/%5 %?gdpg%‘}e‘% Ifal‘lrfnggllirﬁl E}Lgé }LBAE)%GFS)%%' The

use of the DY%A Bkaes@dereddraf 8Be ¥ dhRIA gﬁahhgtxegqiﬁink%ﬂ&eron and
the LM dots to be replaceable with the DY dots. In the nmeasurenent results

of 25 Figs. 9%handi9BDY hevkcassueiil as dhet heh8Y inksisrappsaXitmipetint

doubl e the consunption of the Y ink. As in the case without the DY dots, in
the case lfii t r% ABagRY JdBR8 rathe eErampdasiedt of Haq & daks t dhgslEsids

g;eggers tha%&%f%%tg iwg_rl%hta%glﬁt Bﬁ, ﬁgggungti on of {h LM i nk, terléjs to

ept e Y &at a FAE RPi FRELROr AT $he DY

dot's the composition of the DY ink and the usage of the DY dots as
discussed later. The rough tendency is, however, understood
from the measurement results shown in Figs. 9A and 9B.

15 As clearly understood from the measurement results of
Figs. 94 and 9B, when a natural image is printed using the DY
dots, the consumption of the DY ink tends to be greater than
that of the ¥ ink (see the curves of so0lid line in Figs. 94
and 9B). As mentioned previously, a large number of the Y dots,

20 the LC dots, and the LM dots are created to print a natural
image without using the DY dots (see the curves of dotted line
in Figs. 9A and 9B}. The use of the DY ink enables a large
portion of the Y dots, the LC dots, and the LM dots to be
replaceable with the DY dots. In the measurement results of

25 Figs. QA and 9B, the consumption of the DY ink is approximately
double the consumption of the Y ink.

As in the case without the DY dots, in the case with the

DY dots, the consumption of the LC ink tends to be greater than

that of the C ink and the consumption of the LM ink tends to
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enabl es reduction of the nunber of the LC dots and the LM dots and thereby
ensures a certain margin for the restriction of ink duty3sihembet@is and
the Mdots are accordingly replaced 5 with the nore inconspicuous LC dots
and the LM dots. This results in reducing the nunber of the C dots and the
Mdots, while not significantly varying the total nunber of the LC dots
and the LM d&%.grPﬁWetE§§etW¥h°¥ hél@ datks, Fremasasonpfi bhe BY ddes LC

i nk i h h h i f C.10.i pk, h
consunpt on SretiEs kPRt IEn SRR R RA%! o e RlLanPT ArbErenBdTta. As
shown in Fi g.an8 thR& ek e%%'il&"éisdge]gé%tﬁflntHnﬁﬁfmogéﬁgﬂtle 1as: A A &l E‘cfg he

capacity of the DY ink than that of the Y ink; a greater capacity of

LC ink than tim&t aatyt heTke imkiotandnd5tite ¢ eRiter agapactdyathgiha-dgilddda t han
that of the Mink. Nanely the quantities of inks kept in the ink cartridge
43 substant iwdithy ther mesisorichqan sthewshse e daimrng ige dM dorsunitbien of
the respective cqlor inks shown in Figs. 9A and 9B. This effectively

prevents the TRESE Soft i AREUREPE Flﬁetrﬁg“b% G Ebeaft APYgeanAst e 3t Goidd

previousl Y. RS, SO0 et 120 0L LAE i GTROM BN NS ke

in the ink cartr ereas 'X°co n er S nk

are kept in the tRK Leabksl dgen 43 dhSe GO RALIPN a0k st NEn & AcRls ks Jeept
in the 25 ink cartridge is, however, not restricted to this enbodinent,

but may be awf ahe & tthk ¢enbhnat goestshoviman ntid gsonslip tivmowgh th8Fc I n
the exanples of Figs. 8B through 8F, the storage elenent 52 is omtted
from t hel®| | d8k. aePén thenicongyaptien pdakhenat! ioH st Weeiagercaban dde 43

shown in Fig. 8A hai_the %t%hagg 64. 23 Septenber 2003 el enent 52 but the
other ink caPPPFUBRLII88 R5t THEVE ¢HE st or age

As shown in Fig. 8, the ink cartridge 43 of the embodiment
has a greater capacity of the DY ink than that of the Y ink,
a greater capacity of the LC ink than that of the C ink, and

15 a greater capacity of the LM ink than that of the M ink. Namely
the quantities of inks kept in the ink cartridge 43
substantially correspond to the observed gquantities of
consumption of the respective color inks shown in Figs. 9A and
9B. This effectively prevents the waste of inks kept in the

20  ink cartridge.

As described previously, in the color printer 20 of the
embodiment, the K ink is kept in the ink cartridge 42, whereas
the six color inks other than the K ink are kept in the ink
cartridge 43. The combination of the color inks kept in the

25 ink ecartridge is, however, not restricted to this embodiment,
but may be any one of the combinations shown in Figs. 8B through
8F. 1In the examples of Figs. 8B through 8F, the storage element
52 is omitted from the illustration. This does not mean that

only the ink cartridge 43 shown in Fig. 8A has the storage

64



el ement 52. In the case where only the DY ink alone is kept in an ink
cartridge as shown in Fig. 8B, there is no necessity of 73 deBRIMe N@3t he
ink cartridge until the DY ink is conpletely used up. This arrangenent
perfectly prevents any waste of the DY ink. Since the consunption of the
DY ink is greater than the consunption of the Y ink, it is preferable to
set the capactt§ment Sheubvhaprthesatnt caramitibescapacittyavd thiees Yot ake
This 10 preven%s t he £equent repl acenent of the ink cartridge of the DY
ink. The ink TaftFHugewith the only DY ink alone kept thereinis

attachable to the g rinter i nachropatic ink cartridge, for
exanpl e, an ink carl'(t:Hr ?t(r:lhfg dféoyre wtg{ég\cék%?lr]f% t%%i %g éngggiff)% bFifeRF WidRer f
or the DY inkirltb cuidiaiye 2 anwdl 1M M ot.hesl nkneakt 15dgs i dhe; QY ok
enables creation of the DY dots even in the color printer that has been
desi gned Wi t FRRlaEmyna hei et sriremidbetirer DY thakoY Chrais @BmefictBeyRsdlnt S
enabl es an i mage oL_hi gh gi cture quality to be printed, because of the
reasons di scU¥¥ed [PafefTT2BIPRERAOPHEF e @RbR%e Wiidwh any RRgteSEE thwe D¥r ee

color inks, . LG, d i nks re ke [n one ink cartridge, whereas
the ot her foulr%ﬁc'ol cg)%n?%kgﬁgéﬁws%pata]h% ﬁ%[nﬁbeblgykléﬂ‘i ISogELRERT thaRAdither
i nk cartri dgedisuifthd8eKch ok, ahgne; Ln angther ink cartridge
separately fromssl?ii%: | anot her ink 25 cg?%ér Pga‘ggg%‘b%ﬁe%c,g% g%%(fapqcr}@r_ The
arrangenent off kéepDyg inkherehtee ¢akar thaksapB¥i tiCorapge LM {0Ks, phich
are used_in large quantities to print naturaf) i mges as shown in Figs. 9A
and 9B, LBgePFeVentsofibe|fikeaeen t intgd acepandt of ytie dmkt barothege e®lde i nks

preferably pi) ventki t]}g waste of the CC M and Y 65 23 Septenber 2003 inks
when only t heD¥™-c, T8Rd1EM CARSTafgeuyadhushpy opAynDingnk alone kept

therein is attachable to the color printer having a
monochromatic ink cartridge, for example, an ink cartridge for
black ink. Using a special printer driver for the DY ink

15 available alone or with the ink cartridge of the DY ink enables
creation of the DY dots even in the color printer that has been
designed without any considération of the DY ink. Creation
of the DY dots enables an image of high picture quality to be
printed, because of the reasons discussed later.

20 In another example shown in Fig. 8C, the three color inks,
DY, LC, and LM inks, are kept in one ink cartridge, whereas
the other four color inks C, M, Y, and ¥ may be kept together
in another ink cartridge or only the K ink alone may bhe kept
in another ink cartridge separately from still another ink

25 cartridge of the C, M, and ¥ inks. The arrangement of keeping
the three color inks, DY, LC, and LM inks, which are used in
large quantities to print natural images as shown in Figs. 924
and 9B, together in one ink cartridge separately from the other

color inks preferably prevents the waste of the C, M, and ¥
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a | arge nunber of natural inmages. The arrangenent of keeping the K ink
alone in one ink cartridge separately fromthe C, M ang3¥epkbePt®3
preferably prevents the waste of the CC M 5 and Y inks when only the bl ack
ink is used up by printing a |arge nunber of black and white inmages, such
as docunents. As shown in the exanples of Figs. 8D through 8F, the DY ink
may be kept tigdst WBEDWRHAY diee &F -alpr i ity 1BES AFR LSk EP by Wnd figle

tridge. Thi t irably. t 10 t ot al ired
or the | nk ChlfFPAgREToR: ColPdrepr HaFoar i e SREPOSRDEN) Dol iads o
the DY ink nay ke gkt aghed A 8AY% 9A &_thfi‘&?gaé%%%:%g@%& eldding ¢ he DY

ink as shown in Figs. 8A through 8F. For exanp ere are a
plurality of mi bharentnkd diks prifierapeq pkepPeh s ethd wadidever ehéached to
the ink cartridge is used corresponding to the DY ink. As explicitly shown
in Fig. 8A tane &t dnkgewdkeanenily5ehefblagkoinhgigatsed fup exanping,ing tah
regard to the quantities aof consunption of the respective color inks is

mounted on tHé'@@ §P&@3F38§ 8ﬂaFﬁea'HKWP&FFr?HSEG§3.Sﬂghdégcﬁfﬁgﬁents-_
ST L AT By RCBRILE o2 6 Fr g g

of data fromand into t rage e ol 'ow n

descri bes thgnfiiungyi wnkedft tBgesheragereloREnt %1 uFUALRdoe b EHEr itk s
cartridge 43. 25 Fig. 10 is an enlarged view illustrating the storage

el enent 52 nimnoeeé dankt bersirddgtaceTlois tdwerangencart rdedgeatldy sHvessttbreage
el ement 52 has a _plurality of connection termnals 53. The ink cartridge
43 is att@ché@tied eRecearerugsedofor threink| 6RTBFLAERF- 20. The.inner face

of the carriage 40,that 66 23 Septenber 2003 is in direct contact with the
i nk cartridgeg43 héssgeSFa}aPF%§Per river excfh51ve vy designed %or the

DY ink may be attached to any one the ink cartridges including
the DY ink as shown in Figs. 8A through 8F. For example, when
there are a plurality of different DY inks, the special printer

15 driver attached to the ink cartridge is used corresponding to
the DY ink.

As explicitly shown in Fig. 8A, the storage element 52
for storing data, for example, with regard to the quantities
of consumption of the respective color inks is mounted on the

20 side face of the ink cartridge 43. As described previously
with Fig. 6, the color printer 20 can read and write a variety
of data from and into the storage element 52. The following
briefly describes the functions of the storage element 52
mounted on the ink cartridge 43.

25 Fig. 10 is an enlargéd view illustrating the storage
element 52 mounted on the side face of the ink cartridge 43.
The storage element 52 has a plurality of connéction terminals
53. The ink cartridge 43 is attached to the carriage 40 of

the color printer 20. The inner face of the carriage 40 that
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of connectors (not shown) that are connected with the connection termnals
53 of the storage element 52. \Wen the ink cartridge 4373 8§egthp&i@@ato the
carriage 40 of the color 5 printer 20, the plurality of connection
termnals 53 are electrically connected with the plurality of connectors

on the carrhﬁge 4g,to allow the data transm ssion between the col or
printer 20 and tHedSTBPAfeP R el tHotheiipk cardrddget #e hia & Rluralite of
t he EEPROM i I d | he .st orage, el ement 52. The nunerals in the
left col um (]ﬂq': F?%.gl}l%%t é:%ot EH? e A ss%gaitn ?he ﬁogf’rr’éf‘é’ete%elﬂ?‘rﬁﬂt 5 seen

fromthe col forddt®in 2QrmnGitshear thﬁh&%%g@fel@n%né%égbgﬁg%%rghl?h'ehe

contents of the information registered at the respective a

storage el ememtk S2irnindlagded3lhsaattashedt s age: aea i@ andod SesUBhor
storage area 650. The color printer 20 enables both the reading and
witing Opeatindieyr of0 dathef pdinradd tivntaf t fenfécsiont tpagénalsas566Gire
wher eas enabli.n J&% t.he readi ng_operation of data fromthe second

storage area aa}_lé’nc?ﬂae% i 5y tHE AU e o f gpnnss tagsper ttihee
color 1nks ar sholfd 4'0nt5h§li6v5f\t{l}%tﬂt%ggr%%%ﬁiisggg%l gistefala, thatare

not required updati'ng nor freque rea or “exa

year, nonth, panetdat @ofandramef aslageok1kh@nitnkocartridge, are stored in
the second storage area 650. The first storage area 660 is allocated to 25

a region of |ower &ddres$es sihawst hdse tdmthessenondrst opagerheaar @xp@oBt The
al | ocat i ?&/{ of the first storage area 660, which data are frequently read
from and'Wri £RERTPRT L6 e FRYi DECTFE thenagiie s 2addFee seenarmsly da tthe

qui ck data rga%i ng, aéand Wi tE;%g q@eratni ns S‘Iy %gfeiirse%uent,i al _access. This
arrangenent 67 23 8a5F8ndr F3603 Ten 5o o b §7S6F AR ithexFeRsege
EEPROM for tRe-gXReNERRIQ Ffrom the color printer 20, and the right column
of Fig. 11 shows the contents of the information registered
at the respective addresses. The storage element 52 includes
15 a first storage area 660 and a second storage area 650. The
color printer 20 enables both the reading and writing
operations of data from and into the first storage area 660,
whereas enabling only the reading operation of data from the
second storage area 650. Data on the remaining guantities of
20  the respective color inks are stored in the first storage area
660. Other data that are not required updating nor frequently
read, for example, the data on the year, month, and date of
manufacture of the ink cartridge, are stored in the second
storage area 650. The first storage area 660 is allocated to
25 a region of lower addresses than those to the second storage
area 650. The allocation of the first storage area 660, which
data are frequently read from and written in, to the region
of the lower addresses ensures the quick data reading and

writing operations by the sequential access. This arrangement
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ink cartridges. As shown in Fig. 11, the data on the remaining quantities
of the C M Y, LC, LM and DY inks are stored in the fiqggeﬁfﬁbgggmg area
660. The remai ning quantities of-the respective color inks are registered
in a duplicated manner. The duplicate storage functions as the back-up
when the data are destroyed, for exanple, by an accidental power breakdown

in the coursenables iappld cdatian dheanHerBigng AUSEs bl 85 | £
stored with regard to all the inks kept in the ink cartrfggheégkﬁ?l&?ﬁgi%ase

where only t hEUDYCaRkridg&ept in the ink cartridge, for exanple, only the
remai ning quantity of the DY ink is stored .in the first storage area 660.
The second st or age 2t E3BBOR Fdfes! } hdh@adataen: Hee temainiBg( yeant fntes

nont h) of un | 4 hg, i tridg t version data of the ink
cartridge, tﬁ(g@d%% %’n%%'hery(’t &gre (g‘fpﬁi FRd Egr 1hERaftpFeStpTgfeht stp ®i%st the
data on the yewgrad®iriraa 880. dieL ref . .ok cartridge, the
data on the prodalljcti on line, the seriagﬁaﬁgﬁ(g%éﬂgjé?%e%%eft lﬁgei]ﬂ?s%eaﬁ’%f%ge,

20 and the datalshownhg whet heegtibeersl Gartai dHlica194 Ohanh8EYC! e The
conputer 80 reads the data fromthe storage el enent 52 at predeterm ned
timngs, for BRdmfate stomgge FRRCsLopawes thwupplok-tup whencoherdpra iy 20,

and wites t Sq:ailogre% the 25 remaining quantities of the respective inks
into the storage €l ertent 5?’%{"93%% Yefhi Aeci€eniabsvofer huemplawn dm t he

time of conmplpet i rdsntJ peratiqQn or. at the tine, of power cut
to the color pri Etggfggoéﬁ%fﬁsﬂlg{rdr g%égﬁen@{ée%aeﬁqa&QWequﬁPFf'ﬂ:%?sd% v&Ks92 to

accur at el§ olatrai sicéhed typa wigd Ak teWinentd ¥ n8 1% SeRUEIP Sk %%Q:%rﬁ%%ga and
t he remai ni n% guantity of each ink. The color printer ’
n the case where only the DY ink is kept in the ink cartridge,

for example, only the remaining quantity of the DY ink is stored
in the first storage area 660.
The second storage area 650 stores the data on the time
15 (year and month) of unsealing the ink cartridge, the version
data of the ink cartridge, the data on the type of ink, for
example, pigments or dyes, the data on the year, month, and
date of manufacture of the ink cartridge, the data on the
production line, the serial number data of the ink cartridge,
20 and the data showing whether the ink cartridge is new or
recycled.
The computer 80 reads the data from the storage element
52 at predetermined timings, for example, at the time 6f power
supply to the color printer 20, and writes the data on the
25 remaining quantities of the respective inks into the storage
element 52 at predetermined timings, for example, at the time
of completion of the printing operation or at the time of power
cut to the color printer 20. This arrangement enables the

printer driver 92 to accurately obtain the type of ink currently
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20 of the enbodi nent thus enabl es appropriate printing operations and
effectively prevents ink frombeing used up in the coursg QbR Phdnti ng
operation. 5 A--3. Dark Yellow Ink Fig. 12 shows an exanple of In
conpositions used in the color printer 20 of the enbodi nent. Each col or
ink is a mxed solution obtained by addi ng _adequate quantities of each

col or dye aN§edi BRPFIENESHRYROPI (B Ya0f Feheink of HhfeCoiQERHINLeD to
an aqueous sql.ution of Surfinol. The dark yellow ink used. in this,.

enbod ment 1 01 Ehar P by nRRRTREmEUnEt e Iy e qOPRAPERt e bR B
Direct Blue 193,-aMibel biatderdyer iy theveyar iRk, £and vAgind R8dq389.1whi ch

is the dye of the nmagenta ink, to Direct Yellow 86, which i's the dye of
the yell ow i ntke tbulbe eogmasi prantahgt beedarkoyuel | ow i nk is, however, not
restricted to this exanple. The dark yellow ink may contain the varying
rati o or ‘quadtiBti@arsf Yeddewt IBKkue 199 and Acid Red 289 or may be prepared

by adding a small guantjty_ of Food Black 2, which is the dye of the_black
ok O Peat vel P b B R iR A Lo T mIC TP Sag i 8Sd et

content - of Drﬁ‘g% L}ggﬁké’iﬂ’ﬁﬁo Y RAUNG Sealer guantidd &glgcd%lr%g{}%d“eme

199 and Aci g’ or by adding a greater quantity o

dye of the yebhawieanpenenitecdss aliah nhheadaikcy uaoWiitiles FRYedteh icdarti cal
with or different fromthe dye used for the 25 yellow ink. The yell ow dyes,

such as DirediyeYahd a3yl gAgicedlYEbE ovh & 3d jnmy e tusE dhien vilsaos idfy
Direct Yellow 86, which is the yellow dye used for the yellow ink. As
cl early Hhdeltet dBRIUeRHS Ko lavdva efph 2oh; (he dgakkyseleewinkssdy

have the foll.ow ng, definiti.on hbased on the 6 3 Sept enber 2003 abi li,;ty of
reproduci ng col o‘lr"}gl?neﬁ?éjdcl&e& p?’?ntperre‘fpaﬁ?edqdéyk SR B 5ubd AT a1 0y

equivalent quantities of Direct Blue 199, which is the dye of
the cyan ink, and Acid Red 289, which is the dye of the magenta
ink, to Direct Yellow 86, which is the dve of the yellow ink.
15 The composition of the dark yellow ink is, however, not
restricted to this example. The dark yellow ink may contain
the varying ratio or guantities of Direct Blue 199 and Acid
Red 289 or may be prepared by adding a small gquantity of Food
Black 2, which is the dye of the black ink, to Direct Yellow
20 86. The dark yellow ink may also have a less content of Direct
Yellow 86 by adding greater quantities of Direct Blue 199 and
Acid Red 289 or by adding a greater quantity of Food Black 2.
The dye of the yellow component used for the dark yellow ink
may be identical with or different from the dye used for the
25 yellow ink. The yellow dyes, such as Direct Yellow 132 and
Acid Yellow 23, may be used in place of Direct Yellow 86, which

is the yellow dye used for the vellow ink.
As clearly understood from the above explanation, the

dark yellow ink may have the following definition based on the
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yellow ink has a | ower lightness than that of the yellow ink. Dots of the
dark yellow i nk can not express achromatic gray color ahoreptchiYbr X0

represent the achromatic color in. 5 conbination with dots o? t he cyan ink
and dots of the magenta ink. In this , enbodinent, the viscosity of each

col or ink isabagh@t 8 ﬁgﬁ@f@g{ﬂb%&%‘ xngﬁh@%%:lcégggﬁggggFogrg{eg}aﬁggat od

procedure can thus”be ap thé piezoel'ectric

to any ink. $@1fbgsink4fud by QBGerﬂf%ﬁfﬁeﬁé A ¢RREEREUAd %3N A9y .t he

variations in reflectivity against the wavel ength of light "wth regard to
t he col or inketased thetfaskeybbloweink cdefrartr iexpries sFiaghrobddithyeugh
14C, the cyan gca ink characteristically absorbs light in the wavel ength
regi on of 15°880XnmiWNTO0PELEM Cathe TRRGEFERL( MG nReBamatier icniasal iy
absor bs e wavel.ength r g%gn of 500 nmto_600 nm and the.

b

yel | ow ( i ?(rﬁ]éméﬁgt? EPBrY A ¢ tlilog PORY3? gtk ARG ﬂ%tsy%ﬁ/§|h€nﬁﬁlﬂ2%6i on
of 400 nmto;3Q0 MR e ARRS rhth! Qﬁﬁ %Pcé‘?g%%ﬂff g?%?%’;i%% fyLﬁihEE!é’ the

20 variations in reflectivity against the wavele regard

to differentadanktygl QW 6OY)appHesimd¥h1iynks Showns I n 7Red. s MD £8hEeSpONdS
to the DY ink having the conposition shown in Fig. 12, and DY2 i nk shown

in Fig. 14E poepeedpbadsan d-hvse beD¥phhkefr Bpurtde: i eaddilegtEdode Bemekt2 to
Direct Yellow.,86,. 25 Since the DYl ink contains small quantities of the
dyes of the FLyAhlPRRtAAIt? P fedehta ink in addition to the dye of the

Lovef D, (e s 12 IR 0 T BAe R R oLy
absorbs the frys0fidhensayeatdy 1i84it9N8qd fn €8 tBRPFSPDEENFA0R £ 11ght
characteristic of the cyan ink and the magenta 1 nk. Varying
with regard to the color inks used in this embodiment.
Referring to Figs. 14A through 14C, the c¢cyan (C) ink
characteristically absorbs light in the wavelength region of
15 600 nmto 700 nm, the magenta (M)} ink characteristically absorbs
light in the wavelength region of 500 nm to 600 nm, and the
vyellow (Y} ink characteristically absorbs. light din the
wavelength region of 400 nm to 500 nm.
The graphs of Figs. 14D and 14E conceptually show the
20 variations inreflectivity against the wavelength of 1light with
regard to different dark yellow (DY) inks. DYl ink shown in
Fig. 14D corresponds to the DY ink having the composition shown
in Fig. 12, and DY2 ink shown in Fig. 14E corresponds to the
DY ink prepared by adding Food Black 2 to Direct Yellow 86.
25 since the DY1 ink contains small quantities of the dyes of the
cyan ink and the magenta ink in addition to the dye of the yellow
ink (see Fig. 12), the DYl ink mainly absorbs the ray of the

wavelength region characteristic of the yvellow ink and also

slightly absorbs the rays of the wavelength regions
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the quantities of addition of Direct Blue 199 and Acid Red 289 changes the
absorption the rays of the wavel ength regi ons charact eriostyes@nbbr 2008 cyan
ink and the magenta ink. Since 5 the DY2 ink contains a small quantity of
the dye of the black ink in addition to the dye of the yellow ink, the DY2
ink mainly bsorbs the r of . the wavel ength region characteristics of

the yel | ow i ré’r?d:ezﬂlsggiicﬁéfeyé‘gscﬁﬁgo}rﬂfl P& PERER tEavRE engfHF F R on of
£00 . S ! . rot
nmto Qg‘gg@f% 25 ¥4 09 n%ﬁeaéﬂiaﬁtdﬁ‘ Xft]ignoéc@%‘ihte' 928851}]%%?%%8%%&”‘(2# The

changes the fon1n e wavel eng regi on of

graphs of FiGantde @yl d¥soexegger abe +hgsdiokl emenceivdl ihiphactdficid cs of
| ight absorption between the DY1 ink and the DY2 ink. The actual

di f f erence ichachartagtiertists of dfhe icylan dbkorptli thebvegerhat bek 15 $¥icd nk
and the DY2 ink is not so clear as that illustrated_ here. The caonparison
bet ween Phe ther P&t ivktgontaime DFPFIAKIIBRLERE Ty LhamKdyanal i Hee Plack

reflectivi t%_n fi%ﬂaeddé#.nokn %301\:%% iﬁlgreg%gﬁpﬁzlfe%zfég I’nlky %ﬂO\%szt ?ﬁk ﬂ*f‘ﬁ% A

reflectivity o e I"hK "oF I's Tovered 1™ € ‘waveél‘engt h

regi on of Vigdded are ralhbs FRENGalBALnEehH Nrd o PYdnd ke @ e P& i nk

have | ower [|ightness than that of the Y 1nk. e change in characteristics
of 1ight abswmieptiyenlvwt hik vandat adBoi NintBdddds eabebrbheodyesvenaddadt: t o
the dye of the yell ow conponent has certain effects 25 as discussed |ater.
Fig. 13 is aayedshadhowieddonhefcd?§eayn dfo I7i0¢hnmessVaryhngd ridyaanarg ittive
respect':l| e inks having the conpositions shown in_ Fi %IE 12. The dot

recor di é r & A9sHdtiBy o Boedi BLackn2 Fhargraphhsr 2RSgTPiaons 1on thidex

represent i ng, (18 enGent o9hn Tde 2HaSERT TR A0S AR HLYHIEGe Pl WYl area.
For exanpl e, e racordi ng ratio
and 14E exaggerate the difference in characteristics of light
absorption between the DYl ink and the DY2 ink. The actual
difference in characteristics of 1light absorption between the
15 DY1 ink and the DY2 ink is not so clear as that illustrated
here.

The comparison between the reflectivity of the DYl ink
or the DY2 ink and the reflectivity of the Y ink shown in Fig.
14C clearly shows that the refléctivity of the DY1 ink or the

20 DY2 ink is lowered in the wavelength region of visible rays.
This means that both the DYl ink and the DY¥2 ink have lower
lightness than that of the Y ink. The change in characteristics
of light absorpticn with a variation in guantities of the dyes
added to the dye of the yellow component has certain effects

25 as discussed later.

Fig. 13 is a graph showing the curves of lightness with
regard to the respective inks having the compositions shown

in Fig. 12. The dot recording ratio plotted as abscissa in

the graph of Fig. 13 is an index representing the percent of
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of 100% represents the state in which dots are forned in all the pixels.
The dot recording ratio of 50%represents the state in whkghedpérs2088e
formed in half the pixels. The dot recording 5 ratio of 0% represents the
state in which no dots are forned in any pixels. The dot recording ratio
is explained in detail later. The |lightness plotted as ordinate in the
graph of Fi gotsiBoregd BSEHELE ABr | JIedampiet fb e MRigEFRFAINI&AFt he
background col or of the pripti paper . .The. l.i ght.ness 0 rnesents
t he backgro@&d 188?‘0?:68?65%9&]@’%?i%’gatpeaplé‘r Wh'i“l”cng EB??gﬁ?%e%(g&g’gfdlShr{e%ﬁar%age
decreases wiif 2 decreasg d ol gRbRESSg r AN bPKoRAS S Aes driahEnestael 100%
at the dot Fé%oé‘lcfg%gé'rat‘i g of 0% Theglri ght ness decr%ases with an increase
in dot recqntiRgck @&dte atbatodmsd WhiteIOriet pef . NOhe dot Secbrding

Conparison of the brightness between the inmages at a fixed dot recording
rati o shdws rahe odbfEf @B eneprepeit ghthresstdfet ideWhifk ne e39kTtdnR TG i nks.

The results of the neasurenent shown |21I;|§g %3 show tgat. he Ia\étlﬁ%li

havi ng t he d&nPBEiRIBH Showhe ACEILFCOBIIDTREGP el fERATRG o™t e i nk
shown in Fig. 14D) | rke I : : ] i nk but
bri ghter thg‘r?tteﬁé éﬁ?g%gl&}%%é{%ag%}gqgﬁg %%lérlg’#ﬁ%lﬁec%hg%tﬁg?ﬁﬁh%w%gve any
conposi tion 1as St dit d hehe ¥R €5 &f &f 96he 14Ragadrédbrifegtolities a
graph showing thé 25 observed curve of reflectivity against the wavel ength
of |ight w tadkegautd eoDyriafk theaparedirarpepdirng The d igihthesenet 190inci pl e

fromthose of the DY1 ink and the DY2 ink (hereinafter referred t%&as t he
DY3 i nk}0 Ferentesepispése brokgrondfc60lorhefctifoePbintery RARSA ty Wit h

O e hii amEnins 4F 45 Dpade GecPaRt8IRl i QB Altd et D i adatt o
Any ink has the lightness of 100% at the dot recording ratio
of 0%. The lightness decreases with an increase in dot
recording ratio, that is, with formation of more dots.

15 Comparison of the brightnéss between the images at a fixed dot
recording ratio shows the difference in lightness between the
respective color inks.

The results of the measurement shown in Fig. 13 show that
the DY ink having the composition shown in Fig. 12

20  (corresponding to the DY1 ink shown in Fig. 14D) is darker than
the Y ink, the LC ink, and the LM ink but brighter than the
C ink, the M ink and the K ink.

The DY ink may have any composition as shown in the
examples of Figs. 14D and 14E. Fig. 15 is a graph showing the

25 observed curve of reflectivity against the wavelength of light
with regard to DY ink prepared according to a different
principle from those of the DY1 ink and the DY2 ink {hereinafter
referred to as the DY3 ink). For the purpose of reference,

the curve of reflectivity with regard to the DY1 ink is also
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like the reflectivity of DY1 ink, the reflectivity of the DY3 ink has a
characteristic area of small reflectivity (that is, thejgkggember 2003
characteristically absorbing light) in the wavel ength 5 region of 400 nmto
500 nm This is characteristic of the yellow ink. The reflectivity of the

DY3 ink ri [ I th ' f | it h 65 [
cnown that { REOTSBASTY AL §OBFCRNHIE oy @ BORB HbIor PELRBTpEIy | Shér od

[ th t [ f. ). ; 6 Dyl
|k and the BYAC ThE e S e e PO O Y or By ChoRaut S oy et Beti vi 1y

in the wavel %gﬂtﬂhé egi-aarabtkonges c 4han HF5emaNTase SheownivitFi(ghak5ist hey
are recogni zed as substantially the sanme color by the vision of the human

eye. This measstdmthbhaceeisshisayhy fatsmnt idggt beh b} iy diyavehergth
setting of the light reflectivity in the wavel en%th regi on gf I onger t han
650 nm |13 i seqdpnadsy0f anshREPLNR he TRAFpLS FRRBACTEFLE hLC PosPRE Y vVa dyes

or pignents in the ink f the ideal e [ nactetbskhesathhe DY
i nk havi ng t k&% deHte ’Fﬁjgi?%?l‘ﬁ]o%voefr,t%geaggasagbquﬁns(eé 631 tl?t :Eqial%tZSI nggt-he

degree of 20 freedom. i fefdectiad tabdut téwo Wawel engt isT rgbwi ehaktomper
than 650 nmreﬂgggs%]\;\fep]m%fnelom, athe sensitivity of human eye to the color

is |ovwered igehhgtweyekengthufiegiofe alo sher telorhhn Ad0iply lawewsld ids in
t he wavel ength regi on of longer than 650 nm The ink can thus_be des'hgned
by utilizi ngthkewdegiengbh fegtdmmt 3Bnigen shpacEPIREYEFH ke SHGROUY
wavel ength region. The follow ng descrj hes

that thel@ropBet ¥ cknk handythik Hn RF r%@‘\é\% ;?%55?8%%%5‘25932?@9%5%0?
o onoe? | netagSRcbr EPLERETT LS Yoot dyg e athseaot o
col ors expressed Wxd hgmPhsNtdHgPaner rugdenst hechey are recognized as
substantially the same color by the vision of the human evye.
This means that there is a significant degree of freedom in
15 setting of the light reflectivity in the wavelength region of
longer than 650 nm. It is not easy to specify the composition
of the respective dyes or pigments in the ink for the ideal
spectroscopic characteristics. The DY ink having the ideal
hue is, however, easily obtained by utilizing the degree of
20 | Ffreedom in reflectivity in the wavelength region of longer than
650 nm. As is well known, the sensitivity of human eye to the
color is lowered in the wavelength region of shorter than 400
nm, as well as in the wavelength region of longer than 650 nm.
The ink can thus be designed by utilizing the degree of freedom
25 in reflectivity in the short wavelength region.
The following describes, with Fig. 16, the phenomenon
that the properties of the DY ink can be regulated to some extent
by utilizing the degree of freedom in reflectivity in the

wavelength region of longer than 650 nm. Fig. 16 shows the
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condition of a gradual increase in recording density of dots (dot
recording ratio) formed with the DY ink on the printing 2p&BgembdiE03

absci ssa represents the a* axis in the L*a*b* 5 colorinetric system and
the ordinate represents the b* axis. The area of positive values (+) along

the a* axis substantially corresponds to the red color, whereas the area
of negative ORERTIHAD (CYLEXHnEEPRe el aRls thGh OrARtian WaPst sGitdst o t he
green color. The area positive values (+)._ al t. * i

Jbotanti al ISP UErTREh s Bkt MRrEERed i TOREAE Rra®ibE 0 gors

negative val (Fedord MNP rEhe o) £8¥haasHPet ad dY M nkCOhr BSOS E1hd he
bl ue color. The positionshown by ST in the graph of Fig. 16 shows the

coor di nat es gapesentridgabiei s backgpoenentol bhe obi*t heipr iimt ithg Japerb* 15 | n
the case where dots are forned with the DYl ink showmn in Fig. 15 on the
printi ngSpaperlonime tolosyerpressed e oRdinpLenrepige popes e PHWR<ES | ocus
shown by the dotted line with an incre?se in gglt& areecor_di ng r.ati.o. mel y

S

the hue becdss arep YhPRFLgrEenT&H ST t(ﬁ A PHE _* Prtdot Se%%}tcﬁanlg%‘rr atio.
[n 20 the Case NGIS,ots, Ak LOIARA ML N e Q02 il 2tk td1e IR vdhand,

t he hue does 1o econe greenis an’ increase I1n dot recording ratio.

The minute characd qri)Skh6890fnd he bRk sagubShav 4 N Ficerrképoaasbeorggul at ed
by utilizing the wavel engtﬁ region of |longer than 650 nm where the
sensitive ofgiusmpodype.25The drdee oblparsiitsivieovieleds t(o Jgatend thef pF oiuira
degree of freedom in design of the ink. As described later in detail, the

use of Phe TOSHHA HEAA HGCPRES ABRNBBEONTIY YBL-EEHISH Wi t HREHCFhEPESTEE i n
O o o AR Ead” THEGEL)  PAS 0e TRS N i
of the DY i %oflae\@ﬂ%&g]et@%é)%ﬁ% %lro%qdi §He%5§‘i€’-ﬂoﬁ shown by ST in
the graph of Fig. 16 shows the coordinates representing the
background color of the printing paper.

15 In the case where dots are formed with the DYl ink shown
in Fig. 15 on the printing paper, the color expressed on the
printing paper follows a locus shown by the dotted line with
an increase in dot recording ratio. Namely the hue becomes
slightly greenish with an increase in dot recording ratio. In

90 the case where dots are formed with the DY2 ink, on the other.
hand, the hue does not become greenish with an increase in dot
recording ratio. The minute characteristics of the ink as
shown in Fig. 16 can be regulated by utilizing the wavelength
region of longer than 650 nm, where the sensitive of human eve

95 to the color is lowered to give a sufficient degree of freedom
in design of the ink. As described later in detail, the use
of the DY ink having the hue becoming greenish with an increase
in dot recording ratio significantly improves an image having

the hue of green and low lightness. In a similar manner, the
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increase in dot recording ratio significantly inproves an inmage having the

hue of red and | ow lightness. The ink having the hue inj3qL3088 OR to
10GY on a Munsell hue circle is 5 applicable for the DY ?nééﬁ?n ? éxéxanple
of the DY3 ink shown in Fig. 15, the reflectivity of light is increased in

t he maveleng;h regi.on of Ipq?er t han 650 nn1bg utilizing the degree of
freedomin dESPgRToftAh& Y kil eI wabel BREt Repepiea. rEAdishnkithy an

alternativel [ r the reflectivit 10 of light in this
wavel engt h réﬁ?gﬁggéf%f8§5gghéhs e % }%gfgpéféFaéﬁlVﬂPRﬁﬂﬁﬁﬁ?ﬁJﬁggﬁor
feeding a supak¥nef theknt® & #dK LAY 1kd98gnTRELNK |85 ) agl.udes
a seal ed vessel 56, in which ink is sealed,ga fiFIerfﬁ#ﬁﬁékgg?ygﬁﬁigﬁgh
whi ch a supphyeofini ik randedof ahdRatpi DGy bn 58 Mngs ESShidecseal diink

out. Theggark i nk di scussed above is sealed in the sealed vessel 56 to be
not expostd EBPHhEPALHERHAELDY ks pEBtidee sxemplendt itiet hB3 iimk shpphi er

55 from a chan in,properties.. Wien a supply of ink is fed to the ink
cartridge, a9§a8§§4 %§Un&§§(ﬁ?%ﬁégéﬁYi§yt$£;#%9h%r1$n+%?r%ﬁﬁ%@ ®° the ink
supplier 55§ : f i ' K. n i.nk_supply
iant (not sﬁ%&%fgg%gﬁéﬁgﬁﬁnﬁﬁgJég##%%$h$gggxggmgh§u?%EE%éb Fﬁﬁbg?g?ﬁ%

pi ston 58 i sof areqiossadiconh offOrisd QWY RIESS 1881 8KgOMt-oQf Jhhe $gal ed
vessel 56, so as to feed a supply of ink to the ink cartridge. 25 I_ nmade
Processi ng Thekcotvrabrermarivdly drersleddtgnedf tihé@owespenti yefTtotoivitiks

i ncl udi Q)the Qf.ink di scussed above, so as to print a color inmage. In
order toenaBf el 1HRE P obPhF i WG lomoth ke 75 23 Septenber 2003 dots of

the respecti Ye COlfofg.i %’sﬁomes q:%rgpustt%ruc%%r%h%'fl gncii‘rrl{cysupplier 55 for
feeding a supply of ink to an ink cartridge. The ink supplier

55 includes a sealed vessel 56, in which ink is sealed, a filler
inlet 57, through which a supply of ink is fed, and a piston

15 58 to press the sealed ink out. The dark ink discussed above
is sealed in the sealed vessel 56 to be not exposed to the
atmosphere. This protects the ink in the ink supplier 55 from

a change in properties. When a supply of ink is fed to the

ink cartridge, a cap 54 mounted on an end of the filler inlet

20 57 of the ink supplier 55 is removed, and the filler inlet 57
1is stuck to an ink supply inlet (m;,»t shown) formed in the bottom
face of the ink cartridge. The piston 58 is then pressed down

to slowly press the ink out of the sealed vessel 56, so as to

feed a supply of ink to the ink cartridge.
25

B. Image Processing
The color printer 20 forms dots of the respective color
inks including the DY ink discussed above, so as to print a

color image. 1In order to enable the color printer 20 to create
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out predeterm ned i mage processing with regard to image data ORG

representing a color original inmage and output the processepteimagridat a

FNL to the color printer 20. The imge 5 processing is executed by the

printer driver 92 of the conputer 80. Fig. 18 is a flowhart showi ng an

i mage processi r ine executed th rinter driver .92.. W t he

b ogr am ont of 8 o1 thagee TS Ehts g pautrre she ot o8 an bR Ry (he

conputer 80 f,gs r{:&&@éi‘rﬁfnéﬂpﬂﬁagel%r%%sti% §iPhOFESSRE &) iffegfe 34QQ. As

described previously wth Fig. 2,7 the imge data are generated by the

appl i cation opeogfeafRHerdithd r ansebidedoragtihalprindes dnidvesutgit | mhehe

application program 91, the color inage data are expressed as a

conbi nati on ptothseedcbhagei dmreE Ny dd (tRe, cgleenpf B tennO 15 THleuam@gBe. The

i mge of each color is expressed _as a set of i_.xel s individuallﬁ hgving
SREBYSAE of

tone val uds. PFACERELIBASK GKOEULHALY ﬁﬁ&eplaja‘%%ﬁlpgﬁéﬁeﬁi%an’HFf’
256 tone val gS\SM'e}nnlg al%afg% Pi%tgcﬁgrggﬁgwangpérgﬁﬁﬁﬁ]p%% %éése%r% ?gutine

Resol ution 2 ecel Vving e 1T nmage dafa~out put I catlon

program 91, the-EPHa8dyCahki peifbbraapieeess20f converting resolution at
step S102. As nentioned above, the input image is expressed as a set of

pi xel s. The | engt hwhan athpg prbigngmnedtens oy desgenprage $ oinmeqitigle dépends
upon the size of an image 25 to be processed on the printing nedium The
number of doF&g.phPnt BbeeCRér8linin MMt athd G hiifsdr TeReldrfatiape

bri nt er . 1or GabAvER: BRcBrBFeFAE%: fhgelth oo bidi nds AP sre L e dF PRACES Wake
the resolutign.pfrife 3 MagR Gl dalk NELNgdRed SORLLIRY agB93chieon
printer resolution.”in the case where the resolution of
program 91 and transmitted to the printer driver 92. 1In the
application program 91, the color image data are expressed as
a combination of three color images, red (R), green (G}, and
15 blue (B). The image of each color is expressed as a set of
pixels individually having tone values. In the case of 8-
bit image data, each pixel may take one of 256 tone values in
a range of 0 to 255.
B-1. P £ Co £4 R Tuti
20 When receiving the image data output £rom the application
program 91, the CPU 81 carries out a process of converting
resolution at step S102. As mentioned above, the input image
isexpressedaszisetofpixels. The length on a printing medium
corresponding to one pixel depends upon the size of an image
25 to be processed on the printing medium. The number of dots
printable per unit length by the printer (hereinafter referred
to as the printer resolution) has been set for each model of
the printer. For convenience of the image processing, it is

required to make the resolution of the image coincident with
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the image is lower than the printer resolution, linear interpolationis
performed to generate a new piece of image data between v adiiRe8His

pi eces of existing data. In the case 5 where the resolution 8f the 1mage is
hi gher than the printer resolution, on the contrary, the resolution is

| owered by skipping sone pieces of inage data at a preset rate. The
process of sttéy® 8102 teakeesphatiesol uln dhefcaskevhargethe abewd detiomidsh t he
printer resolution in this manner. 10 B-2. Col or QQnversion Pro-QQ 9.9
After conpl etifén $P28fe IesdPHEForFRBhvERS| i igricdesEesolitiopy Gins®@n i es
out a col or V. i proces 104, As._described, previously, the
appl i cation %(r?%éa‘r;r %18{1{1%){1p§§8 é:’gkog}n%@l g? PREGE™aS TN c?dﬁoé“l%%et hr ee
colors, red (@ta 96 eR8ed 1wl hd] 2860 PIHR IR or THS s3AMQ a4 Nt &1 2Re YLt e
ot her hand, expresses a color image, in principle, By subtractive mxture
of three ¢ol eihesti rhki resyant{@) of nEgenimgeMis, hagheyethaw {hd priniteror der
to print a color image, it is accordingly required to convert the

expressi on ofe&dEItECN nide Mt HCYHEra Y ectlee| Beso POt on GlsandwBred bive
expressi on Ofsk’:i color image with the three _col Ortsr C, M and Y. The process
of step S104°CaPFir8d S "SI CToITr thIerdtbh. 8 hd REESEE FRdCessTER thi s
enbodi nent I C C Si n t hree Si; | ors
G M and v BaCorSthe 1 SraP of Cevanres ai | pertarhith o t6 LirSRy
For the clar cbynefidexpl aighi @Re PEWBYEF, rbbol8t8SSUMROthidabadher process
carries out the color conversion to the three basic colors C M and Y.
The col o}0 coBvdrsiedopr GopyershangBsocehe tone i nage data of R G and B
respectively having_the 256 tone values to tone imge data of C M and Y
respectively havi ngf??rﬁ%‘é‘ﬂfépfﬂﬁbg FRe0 DBl e e nygLsden process,

the CPU 81 carries out a color conversion process at step S104.

As described previously, the application program 91 expresses
a color image as tone image data of three colors, red (R}, green
15 (G), and blue (B). The color printer 20, on the other hand,
expresses a color image, in_principle, by subtractive mixture
of three color stimuli, cyan (C)r, magenta (M), and yellow (Y).
In order to print a color image, it is accordingly regquired
to convert the expression of a color image with the three colors
20 R, G, and B to the expression of a color image with the three
colors C, M, and Y. The process of step S104 carries out such
color conversion. The actual process of this embodiment
carries out the color conversion not to the three basic colors
C, M, and Y but to the total of seven colors including K, LC,
25 LM, DY. For the clarity of explanation, however, it is assumed
that the process carries out the color conversion to the three
basic colors C, M, and Y. The color conversion process changes
the tone image data of R, G, and B respectively having the 256

tone values to tone image data of C, M, and Y respectively having
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In the actual procedure, the CPU 81 refers to a conversion table as shown

in Fig. 19, so as to convert the R, G and B tone val ueqygbﬁagrﬁﬂfégzé@g, M
and Y tone values. As shown in Fig. 5 19, the conversion t elils a

t hr ee- di nensi onal mathematical table (color solid) having the tone val ues
of R, G and B as_axes. In_this enbodinent, each axis takes the values in
the range ofP® %%6215"3n8AV§b‘é%% defined by the rrut uaI I y per pendi cul ar R,

G20, anTe o TELERAL 0. R eafil o aPRES o 10,70 SOV SLopet

di vi des the col or es ach €u
vertexes, atiggeh 9F WhhEh B ©O§ ! espornyli ng: st o@fnvteffec €nheMr,aBd Xnhoge

values is registered. The col or conversion is carried out in the foll ow ng

manner by refensingldas tihe octny er,sMonei@lyl eon&oralaanpl as showrdSn Bigssunmed
that a color defined by RA, GA and BA as the tone values of R, G and B is
to be exprestgd tiyetdmmeofrﬁéi-qmrt@bée bf tiyecaddmensiioaadr oeebsmataesla

| b d I di t Ah th di nat RA BA) i
(he cof’i;re phebie "Gadlor en Sl vt Bl Yote YALT Bt of WAt BeeS of |
the 20 C, 9@9 anmlc% DA HED IR, Ll ok D IBADASH NBIVRE! $KEPhe Of

V? tle R/l and

t he cube (d 30 as to calcula tone values of the point

A. In this nagRgs, dheocopyersion tabl epaldeocakesnadsedy ofthet hgutaaMyand Y
tone values to each coordinate included in the 25 color solid of R G and

B tone val ueserp¥editoher Ral GeandfB ahésK g bebekyed th@ g thgtto lnraspaceM
(I'ight magenta), and DY (dark vyellow) are registered, in addition to_the
t one valltes 'BﬁietCF@VEQSJMn dadle dividhe EemEerlomoRoLaBl ot aséPmBPrt #e C

M Y, K LC L DYtnevaI S|salloatedtoeachco 823
Sept enber 20937 CFH &d-in 5’ C(ﬂ t %%?l‘éeﬁ\ge&sa Enﬁaﬁht one va ues

corresponding set of the C, M, and Y tone values is registered.
The color conversion is carried out in the following
manner by referring to the conversion table. For example, it
15 is agsumed that a color defined by RA, GA, and BA as the tone
values of R, G, and B is to be expressed by the tone values
of C, M, and Y. The process finds a small cube (dV) including
a point A having the coordinates (RA,GA,BA) in the color space.
The process then carries out interpolation with sets of the
20 C, M, and Y tone values registered at the respective vertexes
of the cube (dV), so as to calculate the C, M, and Y tone values
of the point A.
In this manner, the conversion table allocates a set of
the C, M, and Y tone values to each coordinate included in the
25 color solid of R, G, and B tone values. When tone values of
the K (black), LC (light cyan), LM (light magenta), and DY (dark
vellow) are registered, in addition to the tone values of the
C, M, and Y, in the conversion table, a set of the C, M, Y,

K, LC, LM, and DY tone values is allocated to each coordinate
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accordance wth another possible application, internediate sets of C, M

and Y tone values, sets of C M Y, and K val ues, - or set ‘if K,
LC, and LMtone values may be stored 5 in the conversion %Qi\a%pée_%hle%/go rocess
calculates,the final tone values of C M Y, K LC LM and DY fromthe
internedi ate values stored in the conversion table. Figs. 20A and 20B

concept ual | yi showsadnehhede ofo16al soladi g 1 ore, aldies fnesanamesnl org C,
M Y, K LC, LM 10 and DY fromthe tone values of six colors C M Y, K

LC, and LM iaceaosfiadow with @aprthehappagibdow kpghinesipn. EngermeAishews

an exanple in the shadow area of dark red. The tgne values of LC and LM
are extrenel §eEFedd CwMi | 8¢ He tPBReVIHF®Rs SEE 5Pt M Mand - V2ot & VaFH&Sin the

had h Ln.Fig. 20 T I
Shadon 162 g5 SIBMISLILT. B, 7%, TR AP A Sl SrR Bk e

printing gredi fMpe Ebfve2@BosNAMI A CRRE Jrid dMisCha @b fatdie thenei vl ugnef Y
is replaced wth the tone value of DY.. As explained previously with Fig.

2, the DY inkahassaef taiM Tom,.ents 1of, 4hd@ DIOFdyeshefidthermydmtiakadndst he
magenta ink. The tone values of C and Mare accordingly reduced by the
products of sher®¥ isnthevappeenpdiorhkabbees of content of the respective

dyes. As shown in_Fig. 20B, the r ction resul.ts in producing,a. margin
for the restricti %ﬁggf i dﬁf‘a g&é’l r?od]rc(?é]rqc“tat}&iyncﬁ §§e T h8EPe8s of
the dark red he S i 0 Fi Lt gui red degr ease
the tone va %Héga%#%?gr\/{:g}é%dé and %\C%%aesrgq{%lgﬁsor?z \%dgil 3é gf EKe'(itgﬁhiétt is,
create Kot glg F8 descrikedpeevhoustYor howeLorscteatj on, of, Kcdoksa

results in the poor granularity unless the 79 23 Septenber 2003 K dots are
formed i n velM idaslstraebw dhea (Bhremchasimg dewtldightness). Fig. 20A shows
an example in the shadow area of dark red. The tone values
of LC and LM are extremely small, while the tone values of C,
M, and Y are large in the shadow area as shown in Fig. 20A.
15 The tone value of each color corresponds to the density of dots
formed with the color ink on the printing medium. .
Fig. 20B shows a case in which half the tone value of
Y is replaced with the tone value of DY. As explained
previously with F:Lg 2, the DY ink has certain contents of the
20  dyes of the cyan ink and the magenta ink. The tone values of
C and M are accordingly reduced by the products of the DY tone
value and the rates of content of the respective dyes. As shown
in Fig. 20B, the reduction results in producing a margin for
the restriction of ink duty.
25 In order to increase the darkness of the dark red from
the state shown in Fig. 20A, it is required to decrease the
tone values of C, M, and ¥ and increase the tone value of K

(that is, create K dots). As described previously, however,

creation of K dots results in the poor granularity unless the
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margin for the restriction of ink duty as showm in Fig. 20B, the dark red
can be further darkened by increasing the tone value of I XE&terfber 003
prevents the poor granularity due to 5 creation of K dots. The margin for
the restriction of ink duty is enhanced by increasing the rate of

repl acenment of the Y tone value with the DY tone value or by increasing
the contents HfAoEheamR doBied Ha ¢paN Aakkaneddt hélhwmgamtexs nkk anckudedni n
the DY ink, Iggrdesc ib | ater. .10 .In nost cases, the color correction

process is carfied out SHmiiSAfdGidi Rt inkndieolasn shonveisi Badprae@ss.
The color c | GESS r values of R, G _and_ B, in
order to eli %f%ﬁ'f%él?ﬂe%c?f-ect s&g gi ﬁé}rgﬁg&{g‘gﬁgl Eyvilwreéﬁa?%cpé?ig??%s of
i mage scannersaliatof gad od0lCQr THBYESrevidn tt‘?{é‘%hio%eb¥agﬁ$a995z9rd e t
correction process corrects the tone values of C, M "an , 1N ofder fo

el i mi nat e Bt hecR 4t irrendek datscol Bhemepraiducbidmeprapettitesohaimean dle,
printing apparatuses. The color correction enables accurate colors to be
reproduced i rreSpAGRceEd BY inkEedising: the cajet 0k arenliesameagect ANestarmmes s or

the printing Uses: .. ~v Process .of Converting Nunber_ of Tones After
the conpletion o t%}ﬁg%cgpgr}j%otn%neer sﬁa&ﬁepf)ﬁgtégéﬁncrtgel‘?@mtéf corteREs Rt a
process of comeeidyiend diehenauaben ik érﬂil%eahaﬁte%aslggi@fu&é@.e data
after the color conversion 25 represents an 1 nage of 6t ones W th Fegard
to the seven IXOliorks, a5 ddscfibed LGtekM and DY. The printer, on the other
hand, creates dots on the printing paper to reproduce an inmage, and

gener al | 3]/ has onl y lPwBoB&veRsest Hehe oo larheodoecbnost precans id kerddledof f

st at e. Thereo%rte varigbl e dot printers and other 80 23 Septenber 2003
mul ti-1evel PHNEHEHRENSHpHidh hitg iCelQrlcavtersing gdiangss. The

color correction process corrects the tone values of R, G, and
B, in order to eliminate the effects of different sensitivity
chéracteristics of image scanners that read color images.
15 Alternatively the color correction process corrects the tone
values of C, M, and Y, in order to eliminate the difference
in color reproduction properties between the printing
apparatuses. The color correction enables accurate colors to
be reproduced irrespective of the difference between the image
20  scanners or the printing apparatuses.

B-3. Process of Converting Number of Tones

After the completion of the color conversion process,
the CPU 81 carries out a process of converting the number of
tones at step S106. The image data after the color conversion

25 represents an image of 256 tones with regard to the seven colors
C, M, Y, K, LC, LM, and DY. The printer, on the other hand,
creates dots on the printing paper to reproduce an image, and
generally has only two levels, that is, the dot-on state and

the dot-off state. There are variable dot printers and other
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internedi ate states, for exanple, by varying the size of dots to be
created. These printers, however, still have a relativebg5§g§hhmpmyger of
expressible tones. It is thus 5 required to convert the inmag avi ng 256
tones into an image having an extrenely snmall nunber of tones expressible

by th inter,.This is th f ti h _of _tqnes.

F s, 21A anlostE SO P SERs CBR T NPT IAE M T M RIeteLs LREHATEE: o

tones. Fig. z%e%m@ﬁ@aww@a@éafw@&aﬁeﬁee%frva&%ﬁ%méﬁés Phe Yt gpgtore
21B shows 1 nmage data after the binarization

t he binarization, and Fig.

The image data hef orgddied.bi nanezat | paiheyes anhowreeef, 266iiDnemvd gach
pi xel . The image data after the binarization have either one of two val ues
in each pixeklathaelyssmeid domber | etxgrdms Malaietonds. ) Bndis hght5
dot-off level (the value "0"). In order to show the distribution of dots
clearly, 9n FREVLREHe AaEAGITEilge 3TB9e BAXAPE A2%ifRPehd V& g8 LMedgre

hat ched and pi Vi V. ‘0 .ace_op T r re.of .1his
embodi ment dOFrReres ThE Y S0 sProRsnaft Fies i S ghe S Fhe
seven col or spEinbhrY, Hhis k& tHdbredds Pés JdRFe- @Ry Bn¥ auh®by &f t8RLROdS
applicable for the determ nation, all of which naturally have sone
advant ages HRihgsdi 3advand ages.sHde £ gxrcqyd mifebid@rofzathenenbodoneatt
causes the user to select an appropriate nethod for the 25 determ nati on.

There are typhediunPameinkttls, Fife 213 ghowgi inage di teeaRber dd¢ eakor
syst emat T ffusion pethod ures_t he hng

o cture Hial FRYTERREYRAG EnEST G55t ERGt PEnAT ABFLTEt HOR chiBl 2Lt hEne
h O “Beed PLASGENIN 5cTIe LOL\OVAOB MLEIlY descthdes 41 sfaener (he
met hod. binarization have any one of 256 tones in each pixel. The image
data after the binarization have either one of two values in
each pixel, that is, the dot-on level {the value '1'} and the
15 dot-off level (the wvalue '0"). In order to show the
distribution of dots clearly, in the image data of Fig. 21B,
pixels having the value 'l' are hatched and pixels having the
value '0' are open.
The structure of this embodiment determines the dot
20  on-off conditions with regard to the seven colors C, M, Y, K,
LC, LM, and DY. There are a varlety of methods applicable for
the determination, all of which naturally have some advantages
and disadvantages. The color pfinter 20 of the embodiment
causes the user to select an appropriate methoed for the
25 determination. There are typically two methods, the error
diffusion method and the systematic dither method. The error
diffusion method ensures the high picture quality, whereas the

systematic dither method enables the high-speed processing.

The following briefly describes the outlines of the error
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B-4. Binarization by Error Diffusion Method Fig. 22 is a flowhart show ng
a binarization process by the error diffusion nethod. The geF@hﬂyielqmj,of t he
enbodi ment 5 carries out the binarization process individually with regard
to the respective colors C, M Y, K LC LM and Dy after the color

conversion. The foll ow scr on_does | f t olor, for the
clarity of kbt %‘ﬁ%’t?%rf"e%h% W%ﬁ% en(‘aan ers %e |mr$z£r%|%)id;t| on process,
the CPU 81 reas : . age data Cd have 256
tones with rega e col or conversmn The CPU 81
generat es COfrectMg\ et & Odx Hifowphaie ishputingmagbidataz&diat stepes202.
The error diffusion nmethod distributes an error of binarization _generated

with regard by thacdrmpodéssodipnmsthad a fhartachnian of thepepeedseenhi xel s
inthe vicinity of the processed, éalxel with cert%u (ﬁde%n The ro ess
of step SROXaEELESH ¢ Bf PRI Hot Rt BRSCEFS TR BHY B G oM i E'ﬁ #bUndi ng
processed pj xels to a pixel ere chy ks rr g th
processed, t O AT dis Ct levecorrlgg |%ns%at%m LbFHgM Z%ms%wg%g ttee

wei ght's adde@oié&iéﬁiv%ﬁﬁhgﬁﬂd'@ﬁepﬁdiiéW1ﬁg)dﬂbbﬁmpamoﬁrdéﬁs noft sppckey of
interest PP i1s distributed. The error of binarization generated in the

pi xel of intenestéoRFr| soditdter chatrédyt of sexglaiatidioi nWhgnpERe| BTG ¢he
scanning direction of the carriage, as well as to several adjoini

pi xel s i n thenteedie diimaslzatich PRECEESAt F]ﬁ@ RIp! peRdeEht ﬁ?@d‘g%%?m ned
hts, 1/4, 1/8, d 6. Th f

}N:!tgr moite | Rd et &it %2’ %%188 co eé’l%ira%%rgggl @ nuggé)g“ﬁ"}feaét §;(cjiqlﬁzjc':(%:%rrpare

wth a predg@%g%zsg% efsmi thyaldig E‘oﬁ@éré%n eagh LOPYME 105 56 LRLER 23

Sept enber 20 %e case where the correction data Cdx is not
smal | er correction data.Cdx from the input image data Cd at step S202.

The error diffusion method distributes an error of binarization
generated with regard to each processed pixel to a plurality
15 of unprocessed pixels in the vicinity of the processed pixel
with certain weights. The process of step 5202 adds a sum of
error portions distributed from the surrounding processed
pixels to a pixel of interest, which is currently being
processed, to calculate the correction data Cdx. Fig. 23 shows
20 the weights added to the surrounding pixels, to which an error
of a pixel of interest PP is distributed. The error of
binarization generated in the pixel of interest PP 1is
distributed to several adjoining pixels in the scanning
direction of the carriage, as well as to several adjoining
25 pixels in the feeding direction of the printing paper P with
predetermined weights, 1/4, 1/8, and 1/16. The error
diffusion process is described later more in detail. The
correction data Cdx thus generated 'is compared with a

predetermined threshold value th set for each color at step
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‘than the threshold value th, a value ' 1' representing creation of a dot

is set to a resulting value Cdr showing the result of thg d kZ8tgzon at
step S206. In the case where the 5 correction data Cdx is sngﬁﬁ%r than t he

threshold value th, on the other hand, a value ' 0" representing creation
of no dot 1is set to the resulting value Cdr at step S208. The

predet erm ned, fhre valsue bl $nd £6FLEEPELEN \RItuecasad hot siaildrad ne
whet her or %%945 d%?quatosbe created in each pixel. 10 The CPU 81 then

cal cul ates am£f £k ©frdinerd Zalluenth n a vhadupi Wel repreaentesy credtdidf uses
the calculated error to the peripheral pixels in the vicinity of the pixel
of interest et a stodp iS25@t Theacresultingqualue oCar dFre et ddipyresult

subtracting the result of the tone nunber, conversi fr t ne..\val ue

15 of the ordfgitke PHRBELIAAFACTFEE &L ,0‘10 1 i naﬁ@%nggg]?hg’?letﬁ%hgtrheeais a
pi xel haying the tone val.ue . 04'. i righpalhel PRgEsHet & vaen @ dot is
created bFn t ﬁﬁ%&ﬂ?nt 'U%éﬁg%ﬁfegmgggggl?gégrregpondi%g to a tone val ue '

255" is exprgssed LPnhiPeadd Xal valieti srepsesehiehg dseainiar odrnofddd -
256 = -191. 20 en no dot is created in the pixel, on the contrary, there
is an error of 64t fo=the TFheubting traisiecaldul atedsitepdi $2%%ed T the

peripheral pixels with the certain weights shown in Fig. 23. For ggnple,
when the t armetdetfepiiagd IﬁPIﬁ@@Otlﬁevé%lP%lﬂthtlédae?ef%raﬁcgec&a élgpléﬁ‘a‘?ngo to

t he tone value '641, an ror _portion orr ndj t ] 116’
which is 1/ AYFeTRE LM %, eI Sgd?‘?‘i‘ &sga%ﬁos ?f?\jpgaj %’F%?%ééd %nx‘g 8% . }%rhﬁ‘Le' t ot al
of such,qdiffused Iy b LRLLECE L PN d NG RRGRrdBEaL Car S0a 8ot Gin

generate the correction data Cdx at step S202 descri bed above. 83 23
Sept ember 2003 Th&e3ebE e @frdhe apaOEESHENgs ither eptatbated tdrnoeydpdthe al |
peripheral pixels in the vicinity of the pixel of interest at
step S$210. The error is equal to 'a difference by subtracting
the result of the tone number conversion from the tone value
15 of the original image data. For example, it is assumed that
there is a pixel having the tone value '64' in the original
image data. When a dot is created in the pixel, the converted
result corresponding to a tone value '255' 1is expressed in the
pixel. In this case, there is an error of 64 - 256 = -191.
90 When no dot is created in the pixel, on the contrary, there
is an error of 64 - 0 = 64.

The error thus calculated is diffused into the peripheral
pixels with the certain welghts shown_in Fig. 23. For example,
when the target of pixel PP has the calculated error

25 corresponding to the tone wvalue '64', an error portion
corresponding to a tone value '16', which is 1/4 of the error,
is diffused to an adjoining pixel Pl. The total of such
diffused errors is reflected on the image data Cd, so as to

generate the correction data Cdx at step 5202 described above.
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the pixels at step S212. The inage data representing the dot on-off
conditions as shown in Fig. 21B are eventual |y obtained. >khe RiRpsh@af
perform ng the col or conversion to generate 5 the tone imagg data of seven
colors CC M Y, K LC LM and DY and carrying out the binarization
i ndividual ly_for the rg?pggti ve colors sinplifies thhe' contents of the

o]

processing hSP&g&rd &cRTBEFOF AT h:ﬁ%p%?ﬁ%_ e‘%li{lher‘?ﬂﬁ’@« to all
processing. (fheyindependent, Arg Si Mok Li %%%%Skggf%éﬂtiﬁﬁg{grge R each

10 col or enabl es” parallel data conversion using an exclusrve i

processi ng appaba&iruSondt fodd hangeRt nensylr esptdie gubtkuali P3Ptzakiean even
by the error diffusion nethod. In the case of the binarization by the error

di ffusion nethod, Thaatdtdrodos gichiferpriogethe ecdppldaoaidms o tbgeterate 15
conversi on process (step S104 in the flowhart of Fig. 18) generates inage
data of the tB&r LBRE dmedpofate, of severngekors dnd Meter i nés t hil.dend

on-of f condi t.i,ons of the C and LC dots. based _on the tone data of C, . the
dot on- of f célﬁdiatqdoncsaroﬁyjtr}?e_oﬂ% eﬁﬁ%{-‘%%ﬁé% 8ﬂdfﬁég’98ﬁi}yd§95 &fem
and the dot 9BsgdcRlikeCeBEbLE0BSmAT 11880 A SerbBS st A Beobane dat a of
Y. This method sinplifies and speeds up the color conversion process. The
princi pl e of whithard gzatd oa dact belsy shanetiv€ edabhes thdbgietbedocssdesgr.i bed

with Fig. 24. In this exanple, it is assumed that the inmage data Cd may
t ake the val GBeiind¢ererdmge anst sOmpdifs6d preresdinthen thategxrhds eakbes in

t he rangf%of 08 t% 254. For si ngl icity of explanation, the exanple of Fig.
24 shows' onl §OpaF B tGRPrHaLE UAEE AP ESTOIRN Ho 106 AOFpHYEHEE 182923
oot puner  ZOREoBScRIN alRtetuctd. R ORISR SLpLfed TS gRLECY I
binarization even by the error diffusion method.
In the case of the binarization by the error diffusion
method, another possible procedure applicable to the color
15 conversion process (step S104 in the flowchart of Fig. 18)
generates image data of the four basic colors C, M, ¥, and K,
and determines the dot on-off conditions of the C and LC dots
based on the tone data of C, the dot on-off conditions of the
M and LM dots based on the tone data of M, and the dot on-
20  off conditions of Y and DY dots based on the tone data of Y.
This method simplifies and speeds up the color conversion
process.
_ . . o m
The principle of binarization by the systematic dither
25 method is described with Fig. 24. In this example, it is
assumed that the image data Cd may take the value in the range
of 0 to 255, and a dither matrix has wvalues in the range of

0 to 254. For simplicity of explanation, the example of Fig.

24 shows only part of the image data corresponding to 4x4 pixels.
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t hreshol d values included in the dither matrix. In the case where the
value of the image data Cd is greater than the 5 correspondi-agniHar e6dxo! d
value in the dither matrix, the dot is to be created. In the case ere
the value of the inmage data Cd is not greater than the correspondi ng

threshol d valyesho@d 406 10f hery hand, cbhe doiuis Vﬁﬂ%ﬁfhigﬁaagge[ eahedcqThe

pi xel s hatched in Fig. 24 represent pixels In iIs to be 10
created. As gigscribpdcaboyepikhesbiaiay igaipandywifie sNet eBRtESpodhihgr

met hod conpares the tone values of the inmage data in the respective pixels
with the cortlespemdldgratnesholdugddids thacfiuteerimathix di thetheatass, and
determ nes the dot on-off 15 conditions in_all the pixels with regard to
the seven cofifke Ehepyajuekoff dhq Mmagy B¥tpased ion FHRAYaasuthal ofhehe

P S0 hiFab oA i, SR Aot DI ALOR DA LN GAEELRT dhl] d8tOn

met hod describe eviously, 1n e case o i'nari zation‘ by

systematic did hes w@tdeghtanot her thessille whndPePiacedHigeapp! thabigae the
col or conversion process (step S104 in the flowhart of Fig. 18) generates

i mage data odata&€d pamothgseateal tisn CheMoivreswohn & na@nthréashend nasuse he dot
on-off conditions of the C and LC dots based on the tone data of C, the

dot on-of f comdité s gt hamel . MtReddpl #8t RO bakedeorndrders t Bhe Bbxalesf M
and the dot on-aoff_condj,tions of Y and DY dats .  based on the tqne data of
Y. The col or" &5t si'b lﬁr‘ogésge%ﬁ‘"es??ﬁ: spld"regcge&f}rgﬁf%au 29thé Si FBgR® dat a
generat ¢y only.)Mdh regard to the four colors. This arrangenent sinplifies
the color conversion process. This arrangenent al so prevents dots 85 23

Sept enber 2003 of Adh@eswrared abos¥St B BimrSXaiYE byathe d0fs Baiaal: LC
dot, frombeing formed in an overl appi ng manner in one pixel, thereby
dither method compares the tone values of the image data in
the respective pixels with the corresponding threshold values
included in the dither matrix, and determines the dot on-off
15 conditions in all the pixéls with regard to the seven colors
C, M, Y, K, LC, LM, and DY based on the results of the comparison.
Like 1n the case of the binarization by the error
diffusion method described previously, in the case of the
binarization by the systematic dither method, another possible
20 procedure applicable to the color conversion process (step S104
in the flowchart of Fig. 18) generates image data of the four
basic colors C, M, ¥, and K, and determines the dot on-off
conditions of the C and LC dots based on the tone data of C,
the dot on-off conditions of the M and LM dots based on the
25 tone data of M, and the dot on-off conditions of Y and DY dots
based on the tone data of ¥. The color conversion process of
this procedure requires the image data generated only with

regard to the four colors. This arrangement simplifies the

color conversion process. This arrangement also prevents dots
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inmproving the picture quality. B-6. Interlace Process 5 Referring back to
the flowhart of Fig. 18, after the conpletion of the pr Senffer 2003

converting the nunber of tones, the CPU 81 starts an interlace process at
step S108. The interlace process reorders the i mge data, which have been

converted touf hen dQfanN@filorCapdibinONBoBYe tdih 1 0GL8Sa8t 41 GRNYRr hbRg the
nunber of tones, in a sequent to be transferred to the color printer 20.

As di scussedrabnve,inighfoxmédinmn avrerlagfidgimasserhen phiendizheladtidrepyf or m
rows of dots (raster lines) on the printing paper P while repeating the
mai n scan andnphevisgbtkeapleturdedeatitage 40. As described previously

wth Fig 15 4; each of the_ink e!ection heads 44 through 50 has the
plurality = ; a plurality of raster lines are fornmed
by each ss of t L | Ie-Qf j.Ql nizng.raster Lpes r med
by the sgﬁe pass Q%?%ﬁé%@gﬁgﬁﬁggggﬁﬂgi§§%W§E¥ﬁ%ang%§reagrt8E%§$ Eégter

lines alignegomp1ébeoh deritdl profceeachr28opvet i8¢ ecHOMMRbaAC6er bngst 0 the
foll owing control procedure. The control procedure first forns a plurality

of raster |ites CRU Bhe sitmirgisvars ioftaiegwzztacgsd cint kstepi §hoBy sHhéts
the position of each ink ejection_head, and forns new raster |ines
bet ween the Bxte¥lage reEPerssi He’rders ofblger 1189 nprbde YhECRShAYRt heen

lit f th | i i nt [ th trol d
Gach raster TERESTE Be Polea By praral PARELE-Bre: RE M KA robr der
to shortgn tﬁ@n?&f@iﬁ@%ﬁé HBmbe FNSF ¢2RALEO! iRraOQEQHEEtﬁ% b%at'§§ng:9é§réécg gg f

ornmed by bot orward passes and backward passes of mal n scan.
Sept enber 2003 the €616 mlietieanzof tArediptaskagaesceste dd1er paget eat a

are output as the printable image data FNL to the color printer
20 drives the print head 41 to form rows of dots {raster lines)
on the printing paper P while repeating the malin scan and the
sub-scan of the carriage 40. As described previously withFig.
15 4, each of the ink ejection heads 44 through 50 has the plurality
of nozzles Nz, so that a plurality of raster lines are formed
by each pass of the main scan. Each pair of adjoining raster
lines formed by the same pass are apart from each other by the
nozzle pitch k. Raster lines aligned at the intervals of each
20  pixel are formed according to the following control procedure.
The control procedure first forms a plurality of raster lines
at the intervals of the nozzle pitch k, slightly shifts the
position of each ink ejection head, and forms new raster lines
between the existing raster lines. In order to improve the
25 picture quality of the resulting printed image, the control
procedure may cause each raster line to be formed by plural
passes of the main scan. In order to shorten the printing time,

the control procedure may cause dots fto be formed by both

forward passes and backward passes of the main scan.
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20 at step 5110. 5 C. Results of Simulations In order to confirmthe
effects of the DY ink on the inprovenent in picture qualjst %Pfe

simul ative conputation discussed below was carried out. hgleemo 6\%?9139
conditions were set for the simulative conmputation: 10 Condition 1: The
color 'red" is expressed by formng both Mdots and Y dots at a dot
recording ratio of A4 cofphditonm2thdhatesllace glatdss | She it £
formng K dots at a dot recording ratio of 100% Condition 3: K dots are
equi val ent | y #%&pLaEPLB| @S viehpriBtabtefmags lahadiNICtDotlse chldot sy imer Y
dots at the s density. that of the K dots; Condition 4: LC dots are
equi val ent |y Feptiace=th esjvﬁh C dots at a 1/4 dot recording ratio;
Condition 5: LMdots are equivalently replaceable with 20 Mdots at a 1/4
dot recording ratio; and Condition 6: DY dots are equivalently replaceable
with a cénbigatiedniofs lF dotmi1diMgpi s, and Y dots at the same density as
that of the DY dots. The actual printing operation is perfornmed under nore
25 conpl i cat ed conditt iconwsr For wexdiipire, thehes fifdtat sofoft epleadaneintk caf t@sach
ink (that is, the rate of each color ink that does not change the output

col or by repl'dEERIRMCRfarie PIFU & FA Lelohp | et sldniainisre tumutiaigad t he
actual printi ondi ti.0 and rarel i Ves fi val ue as shown by the
above condi tid(}%sc%%%&zf St ewr’ﬁ)sercazrolb]%dfheu?'es htes%dl]tc%msq rfifl Jittfﬁg‘g/

di scussed belyedadtotecst el I md19R1GRE Mol aRGLHE! Printing results. The
qualitative effects of the DY ink on the ifiprovenent in picture quality

10 Condition 1: The color 'red’' is expressed by forming both

M dots and Y dots at a dot recording ratio of 100%;
Condition 2: The color 'black' is expressed by forming
K dots at a dot recording ratio of 100%;
Condition 3: K dots are equivalently replaceable with
15 a combination of C Dots, M dots, and Y dots at the same density
as that of the K dots;
Condition 4: LC dots are equivalently replaceable with
C dots at a 1/4 dot recording ratio;
Condition_5{ LM dots are equivalently replaceable with
20 M dots at a 1/4 dot recording ratio; and
Condition 6: DY dots are equivalently replaceable with
a combination of L.C dots, LM dots, and Y dots at the same density
as that of the DY dots.
The actual printing operation is performed under more
25 complicated conditions. For example, the rate of replacement
of each ink (that is, the rate of each color ink that does not
change the output color by replacement) varies in a very
complicated manner according to the actual printing conditions,

and rarely gives a fixed value as shown by the above conditions.
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by the sinulative conputation are, however, sufficiently 5 applicable to
the actual printing results. C1. Gadation Pattern from Fi gs.
25A, 25B, and 25C show results of sinulative conputati onﬁg%p?'ﬁré@gg?&
recording ratio with regard to each color 1ink in the case of printing a
gradation pattern gradually 10 becom ng dark fromred to black with the

col or print erh@@Geaful tishefertbodiimeiat iAosod ts owgs 4ol bled cabde eodoatdiricbhy, the
gradation pattern fromred to black is a pattern having the linearly

i ncreasi ng doep¥esenti fder adfbuadt CIdSTING oFe DU ED 1 wAlpdikabhVag a

dot recording_ratjo o 00%w th regard .15 to both the M dot n Y
dots. On thegﬁf)%%JF%s‘éEo %a‘%ﬁwjd{]%ﬁg eWS@%‘F%%@eBF‘&ggﬁ?sgu??ﬁépgure
color 'red ppd.the {03 LEREESEAT Sirkthe MUfS e €Ol Ohrrbbagkt 1y The
col or 'red' gﬁprﬂe)rsése%ﬁ%%ﬁtﬁlev%r?nt?ﬁg paper is graduaPTI'y darkened With an
increase 5 n y¥ghuecapPlsheo absei sstualpHigrivdAshamss the results of the
simulation with the dots of the DY ink in the case of using a sheet of
printing pap ' riexh ofiref R Bladtual to 220% As shown in

Fig. 25A, at the va! f Oonth absci sa(te ure color . 'red: only
the Mdots and t heF¥3%lot $5&r e 208 netd 285Gt SPRY E&&t‘l&@or‘ﬂf nﬁl?"éf?B')L%? 100%

on the print] nlg%tﬁggg:rmny%etljlé gg%g:[eescsoroéir}#fa&% Witihng'égf%%{ Egeﬁ)ﬁ&%léfe

dar kened) wi th Fmcrease in recording ratio

keeping the;dpt;pe¢pedid@er afd gsr0ft B Ma tHCaM OIS pattéhe Yrdetsiey
100% When the dot recording ratio of the LC dots reaches 20 88 23

Sept enbel) 2008cémppy okdrmatidon T¥donot htaaksel slsahe tdvd croparintecok di o)
ratio of the Y, M and LC dots beconmes equal to 220% The restriction of
ink duty setther empedimenti-ng paperdtees trotthy | shr¥pefiqrsli-tions, the

gradation pattern from red to black is a pattern having the

adat hol I Y

S

linearly increasing dot recording ratio of C dots from 0% to
100% while keeping a dot recording ratic of 100% with regard
15 to both the M dots and the Y dots.

On the abscissa of each graph, the value of 0% represents
the pure color 'red' and the value of 100% represents the pure
color 'black'. The color 'red' expressed on the printing paper
is gradually darkeﬁed with an increase in value on the abscissa.

20 Fig. 25A shows the results of the simulation with the dots of
the DY ink in the case of using a sheet of printing paper having
a restriction of ink duty equal to 220%.
As shown in Fig. 25A, at the value of 0% on the abscissa
(the pure color 'red'), only the M dots and the Y dots are formed
25 at the dot recording ratio of 100% on the printing paper. The
lightness of the color is lowered (that is, darkened) with an
increase in dot recording ratio of the LC dots while keeping
the dot recording ratios of both the M dots and the Y dots at

100%. When the dot recording ratio of the LC dots reaches 20%
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of dots at the greater density. Formation of the DY dots is 5 thus
commenced at the value of about 5% on the abscissa, whil

recording ratio of the Y dots is gradually decreased. Tﬁze3 %@ﬁggnt%gz?%z’r med
in the hue of red are not so conspicuous, because of the follow ng reason.
According to the above condition 6, formation of the DY dots is equival ent
to formati on (dppabxtinet¥lgobs qn tthe &bsdbssa), aiik theal Greotvsdatg tdes izane
guantity as that of the DY dots. The Y dots or the LMdots fornmed in an

i mge where BdtHeNe N @&SlakiP iy BotemedRausdete 230Fed Bbe nasdrdsition

recording ratio,o 00% ar e_i ncanspi cuous agai nst. t he ackground. .The
conspi cugusné’;’sllﬁ% ‘%ﬁté( B¢ tabPs tﬁ?)er %E B r’rnéghﬁali%r Iﬂ?(?sof-‘or’b'e?iff%w & 93w °%s
that of th S, h t e th i is )
1 tan be aso gty afMERE G GOl den A | IHOrPRelbn! S2NEAY DY IRRRD LG DUS

addition 50 thesYcbfikeh68adit OB GaUhy &IF aBOVIE)5% orF @hBB LSO ©fa | @ iD¥ dot s
accordi ngly decreases the dot 20 recording ratios of both the LC dots and

the Mdots. The ddecressedimg deticeotr thad! dattisods ofradem Ly detoseaséd.-he M
dots gives a certain margin for the restriction of ink duty, and thus

al l ows a fur Thér PEnepEssESTREd ot ridvoldien§fr 88 02BE e S CORSPICUR Sear t he
sum of the dot recaording ratios,of .the M 25 Y, _and dots reach t he
Cestriction SPOPRRSALy Ehhe rOTABrAREmENEGR « he I T LHE BY NS s
enabl es the LiL,ghtness ¢ OkolRerEBhUr thEDY &Y 3SR INR P6 iedliag iBaper
to be lowered (that is, the value on the abscissa to be increased) . In
this stagye, oficthse abtihecloonEpdctouand tod Laastsal yhprevenignante t§9 23
Sept enber 2003 granularity from being worsened. After the perfect .

repl acenent &f ahkttpé YhedRs dpts. t Hee Pyddbssor nthe Ui ity dorawse ipn

formati on of the DY dots is
an Emage where both the ¥ dots and M dots have been formed at

the dot recording ratio of 100% are inconspicuous against the
background. The conspicuousness of the DY dots formed in the

15 hue of red is as low as that of the LC dots, and the DY dots
are thus significantly inconspilcuous.

It can be assumed that the DY ink includes the LC ink
and the IM ink in addition to the Y ink (condition 6 given above).
Formation of the. DY dots accordingly decreases the dot

20 recording ratios of both the LC dots and the M dots. The
decrease in dot recording ratios of the LC dots and the M dots
gives a certain margin for the restriction of ink duty, and
thus allows a further increase in dot recording ratioc of the
LC dots. After the sum of the dot recording ratios of the M,

25 Y, and LC dots reaches the restriction of ink duty, the
replacement of the ¥ dots with the DY dots enables the lightness
of the color 'red' expressed on the printing paper to be lowered
(that is, the value on the abscissa to be increased). In this

stage, no use of the conspicuocus C dots desirably prevents the
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al l oned. The value on the abscissa is accordingly increased 5 by gradually
replacing the LC dots with the C dots having the higher gensidyher b@jzmaL i ON
of the C dots is commenced at the value of about 40% on the abscissa as .
shown in the graph of Fig. 25A. The C dots have a relatively |ow |ightness
and are rather conspicuous in the.color of bright red to worsen the 10
granul ari ty.greniienidy dazun dfeimg wvas®ngtbwever, the C dots are not so

conspi cuous in the color_ of dark red, which is _expresse t he |.ue of
bout IO40% on the a@sfctieéfsﬁ?“et?\‘fe?%%?/t TEHL ARsTEaT f§ aﬁﬁﬁé?a’ﬂdﬁaﬁcﬁ Vﬂ’f.tl\{\alj{ﬁé% t he
sum of the qﬂ%(ﬂﬁ%ﬂrq¥pQﬁﬁﬂﬁ#ﬁ§'%Er%%%ecinwkor%étﬁeﬂ D¥ ¢t spyeastiesid he
restriction of ThKduty, no further 1increase in formation of dots is

al | oned. The, 0Qlyd@COFGiNGaltat bRSLKE diriBspact h¥eoLdiMylanthddealodsd are
t hus decreased, while formation of the K dots is commenced. As descri bed

previ ousby, thedédetldvhaeplaniegt teedly dodw Wight tees < (oifat haoing, theie K
dots are very dark) and are rather conspicuous to significantly worsen the

granul ari t y,highess slanfyt r e FPERALEoN| At Hee Lirdats dnt FoMBsRReBaR kgt duind.

As shown in Fig. 25A, . however, faqrmation.af th S.lS t the
val ue of ab%ﬂjﬁlei@ﬁcﬁ*xf‘h 4aog%s&ns§%1.e T_'hescé% S agr gaggéxjﬁ?egg%g&%?f&?ﬁ%@%
printing papes,thus al hgady diass daviedli Fsapidyiy AWy 19bhAAsEs af@ dfat the
K dots are not™ conspicuous to |ower the picture " quality. At the final
stage, only fdunde dissmienduy md tale doherdeff bedghdi ngdradiwonserd 086 The
gradation pattern printed on the printing paper thus naturally and

gradual 1Y clommeslatctv0 23 Septleias@F3FEet of54 r dAWSMET WhBRLeCHRYS t he M

dots and the Y dots are forned at the recor ing ratjo.of 0%, tq bl ack
where only t3%e KiYbt §° SPBSPOFRRUS atlt hBer EOPH R§ rdzftrlko roq‘]aqld%%cqﬁojrsrrati on

of the expressed by the value of bout 40% on the abscissa, thereby
not worsening the granularity.

When the sum of the dot recording ratios of the C, M,

15 and DY dots reaches the restriction of ink duty, no further

increase in formation of dots is allowed. The dot recording

ratios of the respective C, M, and DY dots are thus decreased,

while formation of the K dots is commenced. As described

previously, the K dots have an extremely low lightness (that

20 is, the K dots are very dark) and are rather conspicuous to

significantly worsen the granularity, unless they are formed

in the sufficiently dark background. As shown in Fig. 253,

however, formation of the K dots is commenced at the value of

about 70% on the abscissa. The color 'red' expressed on the

25 printing paper thus already has a significantly low lightness,

so that the K dots are not conspicuous to lower the picture

quality. At the final stage, only the K dots are formed at

the dot recording ratio of 100%. The gradation pattern printed

on the printing paper thus naturally and gradually changes the

20



C dots is commenced at the value of about 40% on the abscissa, 5 and
formation of the K dots is commenced at the value of abouty sepf¥aep20dm
absci ssa. These dots are accordingly not conspicuous to |ower the picture
quality. Fig. 25B shows the results of the sinulative conputation of the

dot recording, rat.l .t eqgard..t c | '

printing a g%é)dlzaﬁl{ %ﬁmﬁaf?%f e gmnggC{}be 84 géﬁg v%dhgﬁfels?#éﬂ%ﬁggffso%eq he
sheet of prind4 ReePRRESrdBYY RGthilREoF NOYY, ebihAE, ik rdubyl eawal xtarw20%
The pure color 'red (the value of 0% on the abscissa) is gradually |

dar kened w t haraarfdrmedeasetha detorétng draigia atfi A 00f .t hEob@adbds. ofDushd 0
the 15 restriction of ink duty, formation of the C dots should be
comenced whéhdphké dstcqrerantefihgtr Bhe vakua RE 2EPEbt4’% eachR8 alE®ASIay t hi s

case, forpation of the C dots . is required at the .va of _about _5% on the
2bsci ssa, Suhdiil EREMESHOR OF i K SOKF | e oPBEPESdeRbrt e da aR The Tt nt i ng
paper. Wil e e 2 ot in ol f ig . NQoSO
conspi cuous, 7t({%nelog dg?g, a\i%%%%%’\/e arf (lgsg%er&rgesﬁsﬁﬁ_)% t%%%éf %I?é%f t oe LC
dots, forned ddhdgiedPrelidvdgfthe @d Aanrenguhgiegse of Fig. 25B are

rat her conspi cuous and worsen the granularity. After the perfect

repl acenent of all Ftilge REBcddtesvawihé rezfiittieo et simnodative empomertdage i n

formation of dots is allowed due to the restriction of ink duty. Formation
of the K dot T itheadedr gergriivgnwafidedvififi Fedehe BotedRFFUHg ¥4t i'ds of

L 900, 2 0500 0 SRS ALY USRIl SIS, 1 e
Fig. 25B. Sing&idift Kndobs Jove AN 8%t EREEL Yot g,wilnitawgn?aﬁer(ﬁmng $he he K
dots are very dark), formation of the K dots at the value of about 25% on
t he absci ssa isdgpiifdiciant loff waks@asy equal to 220%. The pure color 'red'
{(the value of 0% on the abscissa) is gradually darkened with
an increase in dot recording ratio of the LC dots. Due to the
15 restriction of ink duty, formation of the C dots should be
commenced when the dot recording ratio of the LC dots reaches
20%. In this case, formation of the C dots is required at the
value of about 5% on the abscissa, where the color of still
‘bright red is expressed on the printing paper. While the LC
20 dots formed in the color of bright red are not so conspicuous,
the C dots, which have a higher density than that of the LC
dots, formed in the color of bright red as in the case of Fig.
25B are rather conspicuous and worsen the granularity.
After the perfect replacement of all the LC dots with
25  the C dots, no further increase in formation of dots is allowed
due to the restriction of ink duty. Formation of the K dots
is accordingly commenced, while the dot recording ratios of

the M dots and the Y dots are gradually decreased. This state

is at the value of about 25% on the abscissa in the graph of
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the granularity. 5 As described above, when the gradation pattern fromred
to black is printed without using the DY ink on the printisng.iadRESodRAVI Ng
the restriction of ink duty equal to 220% the C dots are cgnspi cuous in
the color of still bright red and the K dots are conspi cuous in the col or

her anr el pafr toered: 51l Re HVESL A ATE o, U LGN AF AU

ot her words, ~ e “Use o Nk T npr oves e ‘granu

dots themsel (Me3taK 8 M ghBek &ORS P FdIqTy Td'&%kqsefgirmhlﬂﬁoﬁ)\/of Nknd K dots
meani ngl ess even t holigh the DY ink prevénts the granularity from being

wor sened due atothbera3 3068 abouthesK cdothe abiexiksaolgohéntandly tweers¥nisnk
and the LM i nk included in the DY ink are not conspicuous agai nst the
background ' rté¢ ggeingrlartiiiys neans that only the conponent of the LC ink

| uded th DY k h bi | f
Lgﬁsgl guo’égnesg of Atglh‘gefﬁ’?ﬁng F S“I'r?e':j :“ﬁ%tﬁ e?%%s%fgufgfggﬁgeﬁﬁ Pgorfl

substant| ol L equl.ua) €0t kgl Baty Olndlie Lixlplete T0E1nSen ofnd B Bk

accordingly gives an inma extrene l e granularity w thout” any

significant ¢RRH GURURREESe QésdeﬁatlEhgonMs@@w ddieaT asuil22n0f thee
sinmul ative conputation 25 of the dot recording ratio with regard to each

color ink incC theéscase obnppinticng angtlada@obﬂrpaft%thll rorhghed nedl singc k

wi t hout the DY dots on another sheet of printin aper. havin
restriction &he RIEAiR FreRNSRIEPBIYLD ﬁl‘,?ll@%c‘gf 5rej’artéﬂ’elg’(‘??1’ék ¥v&e of

0% h ab dual | y dark
i nc?gatse gtlglrlsr é XIFEI %%airngataq o%éff %{1%2&5% y&iaglu%ﬁ?tﬁ ES@%%J’[ZS%C%U (r)]n of
ik duty, reRhaceuEnic Sholbe 1k Ibsoves rdigrafudabsyhoui the somsaced

to further dar en the color of red
themselves are rather conspicuous, the use of the DY ink is

meaningléss even though the DY ink prevents the granularity
from being worsened due to the C dots or the K dots. The
15 components of the Y ink and the LM ink included in the DY ink
are not conspicuous against the background 'red' color. This
means that only the component of the LC ink included in the
DY ink has a possibility of conspicuoﬁanss. The
conspicuousness of the DY dots formed in the red background
20 is thus substantially eguivalent to that of the LC dots. The
use of the DY ink accordingly gives an image of extremely
favorable granularity without any significant conspicuousness

of dots.
Fig. 25C shows the results of the simulative computation
25 of the dot recording ratio with regard to each color ink in
the case of printing a gradation pattern from red to black
without the DY dots on another sheet of printing paper having
a restriction of ink duty egual to 260%. The pure color 'red'

(the value of 0% on the abscissa) is gradually darkened with

92



when the dot recording ratio of the LC dots reaches 60%(the 5 value of 15%
on the abscissa). Wwen the dot recording ratio of the C-f ﬁ%@ ﬁgg 60%
(the val ue of 65% on the abscissa), no further forrratlon of t C dots is
all owed. Formation of the K dots is thus conmenced, while the dot

recordi ng ratano_%nc £akhe; Cadd r%e@rﬁlﬂgtfa@w&r%ﬁeaiée&%creaaedto Rtnd he

final 10 stage y the ﬁ dots are formed at the dot recording ratio

100% (pure ' meagecltldtq&f b£ AGrogAtNY tépldeemwnipar sae Lbeduesnsitre tg:reaphs
of Figs. 25A and 25C, both the timng of comencing the formation of the C
dots and the Q dritsgsbbuldorrerineg celde thof wathen defrkene tKedetJéoarceE agd i er
in the case 15 of Fig.. 25C than in the case of Fig. 25A. Nanely the dots
are nore coﬁ’é‘&if’c%‘@sdf)’d Rﬁ?géﬁl{lﬁer%ﬁ”a?uﬂfartlhteyl'f:ndf)ﬁé E%l%"éh%‘? Y. (thesc
corrpared he C f A B d o i i S

gi ven previ OLYs e £ e%%‘pr Bvetent S%lsasrsﬁe)ctugggquafé gy%a}%cgﬂ&n%l Ilaﬁgl% nk
I's greater tWth@ecz@otmm%o%n(ﬁhét%&&l@ bb% BY changisg e ,
printing paper having the restriction of ink duty equal to 220%to the
printing paper fhatieg fbemaesbni ofitne af dods det gitquad.t dr@b@vbicthefabove
results of the sinulations suggest the usage of the DY ink. In the case of
printing a grtdd¢aki 8atgais e’ﬁlﬁls Bueaadd wibd el 5BR, d@hefﬁwlf\@a%qg)ﬁa(‘}floéot s

th the DY ink start t he f f. dot th kTh
DY 1 ni ﬁas B 3P S LOLIREL O g S M 1 R Il e
i nk C, d f
Ibge?] creat ed |%‘g§dv§%§g ?%éegp?%{s% At\%]e hue gfg EHQ % gféSeéB;rtde;(&)d ri]éétl(%%\?ieThe

formation of Gotihos tipdhe Diddk igoidis. nalccoeanBaced el ldogpaidiamnt he
formation of dots with the Mink and the Y ink.
between the graphs of Figs. 25A and 25C, both the timing of
commencing the formation of the C dots and the timing of
commencing the formation of the K dots are earlier in the case
15 of Fig. 25C than in the case of Fig. 25A. Namely the dots are
more conspicuocus to worsen the granularity in the case of Fig.
25C, compared with the case of Fig. 25A. Based on the
simulation conditions given previously, the improvement in
picture quality by using the DY ink is greater than the
20  improvement in picture quality by changing the printing paper
having the restriction of ink duty equal to 220% to the printing
paper having the restriction of ink duty equal to 260%.
The above results of the simulations suggest the usage
of the DY ink. In the case of printing a gradation pattern
25 from red to black, the formation of dots with the DY ink starts
prior to the formation of dots with the C ink. The DY ink has
a hue closest to that of the Y ink among the three basic color

inks, C, M, and ¥. The dots of the M ink and the dots of the

Y ink have been created in advance to express the hue of red.
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There is another suggestion with regard to the usage of 5 the DY ink. In

the case of printing a gradation pattern fromred to bl agk, } of
the dots with the DY ink starts after the formation of ggtsgf’t\%ﬁ]tgﬁrt%@g LC

ink. The DY ink has a hue <closest to that of the Y ink anong the three

basi I i nk C M dyY. It hus_be th that the dot f th
DY 101 nk dE G Ao I WY FOSDES B THOCEES| PRE TSR or

art color printer usi,ng the si Ql.ar. i C.,s he
quantities dt2Torsu al%ontmo sﬂi%éﬂ%%%%e%kgﬁéﬂml%kghgr% sgj?}éa&t%g(? 1tht}%nﬁﬁt he
quantities of., consunption of the C and Minks. As described previously,

the 15 C M rgf LC, and LMinks are often kept in one ink cartridge 43.

According to i nageshdre he phobhed, sudweatidiCwighdréganésto ahe usadeupfto
require a replacenent of the ink cartridge 43 that still has the renains
of the Cbandchd iDs$nkThelvotly cane pEepTROLHRY th&radsddioReRRtHEER 1" DY

quant ey of Eebisenpaton Soraiacy S Eteat bRl e RLER sIERERh s
of cyan and ent J f Y, i,.0k: al de ihRehaguanihd i es
of consunpt it[ﬁgo%]0 ‘—ieé]rljo‘cesL :%%E dg)rilﬁt E}ﬁéCQLK/IhiQn&e %’Iﬁke' ih%ag)ﬁs%hg rI:l)?( i nk thus

enabl es al | thesoihals eakerof Nife 0i ke AP eORBUNEEréd rgiel abilvel ynlegual
manner and desirably reduces the frequency of replacenent of the ink

cartridge. The MY dmk Y.naftbeakephus deettierudkitt Hhate the deksafd the P i nk
in the sane ink cartridge. This enables replacenent_of ogl&y the ink

cartriddéd i nttluckry erraies 1AFeERF OV TThKE h&AATY Ghe i &4t d™Fo4 23
ar adati on pat tern T GRE PERF GO0 GOR0T DIHE oF SaafCor et rer Pr RIS o
black is Onlé’, M, Y, K, LC, and LM, the quantities of consumption of the
Y, LC, and LM inks are greater than the quantities of
consumption of the C and M inks. As described previously, the
15 ¢, M, Y, LC, and LM inks are often kept in one ink cartridge
43. According to images to be printed, the ¥, LC, and M inks
are used up to require a replacement of the ink cartridge 43
that still has the remains of the C and M inks. The color
printer 20 of the embodiment uses the DY ink in place of the
20 Y ink in some occasions and thereby decreases the quantity of
consumption of the ¥ ink. Since the DY ink contains the dyes
of cyan and magenta, the use of the DY ink also decreases the
guantities of consumption of the LC ink and the LM ink. The
use of the DY ink thus enables all the other color inks to be
25 consumed in a relatively equal manner and desirably reduces
the freguency of replacement of the ink cartridge. The DY ink
may be kept together with the LC ink and the LM ink in the same

ink cartridge. This enables replacement of only the ink

cartridge including the LC, LM, and DY inks having the greater
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an exanpl e of gradation patterns starting fromthe condition 5 that dots of

only two color inks (in this exanple, the Y dots and thg3lye€@%):rme
al ready been forned. Simlar effects are thus naturally exerted in the

case of printing a gradation pattern fromgreen to black with repl acenent
of the Mdots with the C dots and the LM-dots with the LC dots. The
effects of l1fQuamtytigstbf qomstmptesnof the cyan dye and the magenta dye
added to the DY ink will be described later. CG-2. Gadation Pattern from
Magenta to Bl ack lfrlg% abpgs AOBE; IRFPRECIIREW Fes arpdasiosinal temn/erom

conput ati on %‘Eﬁit{]‘ieﬁ’ g rec di%%‘{?j{%"é} 4 28%1‘@‘ rd t dfﬁcg?];ag(%g‘?\rhs %%ﬁgnk in
t he case of n i %éb%?l t e
color printeg, 2&%&%“ C @*%‘&‘Eﬁ'ahf{%h pdBerfiONdid O %r o %et BSn Ppubative

conputation are | the“conditions use t he si rru ati1on of

the gradd i ofhapalded v LAY edot GodAckkdi(Gn LOHAs Showrp tde thesul dstef the
20 sinmul ative conputation with the DY dots in the case of the printing
paper havi ngandeheeltdots) dmvef alnkaduthesydekmed . 229061 14 gL f26Bssaoas t he
results of the sinulative conputation w thout the DY dots in the case of
the printi ngtlb‘é%e’f‘aﬁ'%?%ﬁy treTFedt +cthencafrei ak HH%?té’a@la‘F 5299B¥NFi g.

26C shows tzf %«? 15?%%10%5 Lehng %ﬂﬁk%iéﬁ £ EIBH%a“ é“thQ%' ott'% dOtS
in the cas The pr|n ng paper aylngf‘"Bres r|ct|on of

equal to 260fae A5 SN tH01.M286¢si B1EReLIOE atatd Ak .patrher@f%éeﬁg gggenta
to black, the dot recording ratios of the LC dots and 95 23 Septenber 2003
the Y ddils arergtmgualel qguamct ebhsedfftlonciyha dyd shdlthst magefthdyevadded of 0%

on the abscissa) in which the Mdots have a dot recording ratio of 100%
Accor di ng tot® heheodi tplerivill be described later.

C-2., Gradation Pattern from Magenta to Black
Figs. 26A, 26B, and 26C show results of simulative
computation of the dot recording ratio with regard to each color
15 ink in the case of printing a gradation pattern from magenta
to black with the color printer 20 of the embodiment. The
conditions set for the simulative computation are identical
with the conditions used for the simulation of the gradation
pattern from red td black. Fig.'26A shows the results of the
20 simulative computation with the DY dots in the case of the
printing paper having the restriction of ink duty equal to 220%.
Fig. 26B shows the results of the simulative computation
without the DY dots in the case of the printing paper having
the restriction of ink duty equal to 220%. Fig. 26C shows the
25 results of the simulative computation without the DY dots in
the case of the printing paper having the restriction of ink
duty egual to 260%.
As shown in Fig. 26A, in the gradation pattern from

magenta to black, the dot recording ratios of the LC dots and
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mentioned previously, the dots of the LCink are equivalent 5 to 1/4 dots
of the Cink. The rate of increase in dot recording ratb?s@%mﬁﬁﬁ%iﬁﬁ dot s
is thus four times the rate of increase in dot recording ratio of %

dots. When the dot recording ratios of the LC dots and the Y dots |ncrease

and the sumof the dot recor ratlos of t he_Y dots, nd t he
10 LC dots r&Ren dods agﬁr%#%%%o&f *—gteeﬁ%ﬁ 181 e Vths

with the DY d c c r I |1 he Y
Got o wth thdeveadfs O B Ele abLelod thﬁﬁ%f"%é% SEPI R bl & ok
commenced. AcgghgdihRbgt ordhes besuldesy Of m%o&lambatt@nta@ovwbmhﬂ@ 26A,
the formation of 15 the C dots starts at the val ue of about 35% on the

absci ssa. Asedesonebedrpreviielsl ythehéo DY ohktlonmiGiink tdre equpondens  of
the LMink and the LC ink, formation of the DY dots is equivalent to

f or mat i orP of tohk/ 4 dmd snefiide 6finthe TREdRREE afdngrRAsTindiat reserdisy
condition 6 nentioned_above) The i recordEngHratlo of

2
the DY dots &8&ESPdPhgFYS dré(grdeoatssesls t Cregf’ulreg%)rf"af nlgh‘? H1E 6 *MPGSt s

and reduces EHedSQtPe&frdi&?&%% 'o@ fre n@tao% of whbg hddck r\é\h%aatlh@ sum
of the dot recording ratios of the CC M and DY dots reaches th

restriction ehtiiBk detyhefne madtommd thabvt AetK ﬂwéﬁea§a0ﬂnﬂﬁn@edum of
According to the results of the sinmulation shown in Fig. 26A, the formation
of the K dot $hst dptsreavr@hngvaitigéosfofibbre M0l ieh tthe éﬂbﬁ@it§saanﬂhéhe
increase,in _dot recordln ratio of the K dots decreases_the dot %8rd|ng
ratios oflth&Cclo®s ZRAFIDEPGoreStALCERER iGN HUGE, BFPIATHRATYG O3

PR et orofs dSH Pl Pl B el s A SROLE! DpEELL OcRl PARHELRLT
g printédima ng paper I's a
gradation paEEEchQ%&h@onhﬁlﬂuﬁﬁegﬁniéﬁbC%Eﬂﬂﬂﬂﬂb DY dots, replacement
of the LC dots with the C dots is commenced. According to the
results of the simulation shown in Fig. 26A, the formation of
15 the C dots starts at the value of about 35% on the abscissa.
As described previously, the DY ink contains the components
of the LM ink and the LC ink, formation of the DY dots is
equivalent to formation of the same number of the LM dots and
the I.C dots {see the condition 6 mentioned above). The increase
20  in dot recording ratio of the DY dots accordingly decreases
the dot recording ratio of the M dots and reduces the rate of
increase in formation of the C dots.
When the sum of the dot recording ratios of the C, M,
and DY dots reaches the restriction of ink duty, formation of
25 the K dots is commenced. According to the results of the
gimulation shown in Fig. 26A, the formation of the K dots starts
at the value of about 80% on the abscissa. The increase in

dot recording ratio of the K dots decreases the dot recording

ratios of the C, M, and DY dots. At the final stage, only the
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frommagenta to black. 5 Wiile Fig. 26A shows the results of the sinulation
with the DY dots, Fig. 26B shows the results of the sinphgtpiv@ber 2003
conput ati on of the dot recording ratio with regard to each color ink in
the case of printing a gradation pattern frommgenta to black w thout the

DY dots on the printin ape avi.n e 10 restriction of.i du equal
Lo 290% Cortpdt it it SRR i Y T S TR P e HUP A e
case W thout,} D sheun JooH S A figneat hban:of dhe G Epts is
commenced at btl%g:ksl 398%19 y 'earrlvlger tllﬂmgln%gg%dlthe flora%ti on of I;;the P#gots
i's commencegafert N &i gRalihtash | yatbdin elaving e hbeSt sttty dundiorgrati on
of the K dots at the value of about 60- on the abscissa |like the results of

t he si nul at iforons weawrenita 6 pla@&B drastically worsens the granularity of
the resulting printed inmage.ln other words, the useof the DY dots |

si gni ficant | yi npr didd e EéIgr 26/ 0199sy thet hespbsdah hg§e28hFihe BT Hdd The

i nprovenent i.n nularity.is ai_ned by.the f t e i cant ai ns
t he cyan qyé:khengffhcgoﬁige%%%' %/% SE(C))?VrSfa%élhgn r(?TS%chtﬁés %%I d'{)r{ks sﬁlﬁ'delq%l}lva ent
to formationof . GR{A Br Wbt resoetihherdt o stRRG ke 84 dats ddwir
correspond to the contents of the dyes. Replacenent of the .Y dots with 25
the DY dots iinkx anshkadovaseeas (fointekad gradattibe pathehavingn nayenta ue of

about 75% on the abscissa) decreases the dot recording ratios of the M
dots and th&cCbderck wihheubnshe &Y datsepraile parigitingopabpe Rasing &on of

kU408 Lhereh delays the LG of (e 8D QTR Len et e K
si gnificantly . dehayst RR U WhBG0% nSFRELT BEat ey T ORLBLL 00 (Dt HAR: Kifdot S
and slightly élel ays the timng of starE}l ng thef?orrratlon of the
DY dots shown in Fig. 26B, the formation of the C dots is
commenced at the slightly earlier timing and the formation of
the K dots is commenced at the significantly earlier timing.
15 Starting the formation of the K dots at the value of about 60%
on the abscissa like the results of the simulation shown in
Fig. 26B drastically worsens the granularity of the resulting
printed image. In other words, the use of the DY dots
significantly improves the granularity of the resulting
20 printed image. The improvement in granularity is attained by
the fact that the DY ink contains the cyan dye and the magenta
dye. Formation of the DY dots is equivalent to formation of
certain quantities of the C dots and the M dots that correspond
to the contents of the dyes. Replacement of the ¥ dots with
25 the DY dots in a shadow area (for example, in the area having
the value of about 75% on the abscissa) decreases the dot
recording ratios of the M dots and the C dots. This ensures

a certain margin for the restriction of ink duty and thereby

delays the timing of starting the formation of the K dots.

97



C dots. This results in a significant inprovenent in 5 granularity. If the
DY dots that start formation at a relatively early tim Q?S@]thmgm'Bcuous,
the granularity of the resulting printed inage is not actually I nproved.
The conspi cuousness of the DY dots is thus a key factor. As described
previously, the DY ink includes the conponents of 10 the LMink, the LC
ink, and the Y inkaé skesdidecbatipveorntite usentf dhedDEbtnie) sivhdfichrtd®t s of
the DY ink are fornmed in the nmagenta background, the conponent. of the LM
i nk i ncl udeddelayshehOimiing ofi AEBREPNE IR Tagaiatdon RE bheky e ﬁdf‘m$he

dots of the other ink_conponents, that is, the .L ts 13-Y. dats,
are not so c%i’aéﬁ?*&i‘:ﬁuge?‘%g? hER et 30 b%%(sgq'aor&nld‘% CL%& nf%?%g%qu téﬁetg% dot s
is substantigll ui v ) nmat i on, of ; tsined};%vtéﬂ%n‘édghsin
an overl appi ?‘i‘g é/n%tﬁ%er.ailkﬁlhrge c&igtsgﬁg% b%lkh%t hgl%ig:gif%%gﬁd the Y ink are not
SO Conspi§uog§ana§a§:'ﬂ€yd0tS,r.pf thbe 0¥ i gktandndte &ank. fleamamtioon af @he DY
20 dots in the magenta background even at a relatively early timng thus
does not sigpelacanmely werdentimengrameleenispicumis hdhec gE8nyLagiitit Phg a
gradation pattern from magenta to bl ack, = the use of 1éhe DY dot%i dei.'kgabl y
del ays the tthengessitingr Pragtethdmegendti &7 o GHHE e Yy 8NE the R dot s

and thus significantly 25 inproves t ul. ari of  t r ng RpEi nted
i mage. Fig. C?BE;P%ﬁBﬁéSPﬁESr é’éﬁuﬁ%se o tﬁéiigi %lgjl écﬁ(l\?e Et:o]?r%%t g??i:)gr)lk of the

dot recordi ”ﬁeEEEEBe}‘M bhelegaLdyt OrgaCHy COMOriridiidds e coapenehtpr bt i ng
a gradation pattern frommagenta to black w thout the DY dots on the
printingjpaperehavi Agkt heheesCr iaki,0ands thd Sephéniieee2@d8 cbninkignt ¢

equal to 260% The results of the sinulative conputation shown in Fi.q. 26C
are conpar edmathonkdsabetiewn WheiFitde ZoAs PRethe Phgeiiorais PG tlﬁ‘e

formation of tthgemggenta background, the component of the LM ink included

in the DY ink is inconspicuous against the background. The
dots of the other ink components, that is, the LC dots and the
15 Y dots, are not so conspicuous in the magenta background.
Formation of the DY dots is substantially equivalent to
formation of the LC dots and the Y dots in an overlapping manner.
The dots of both the LC ink and the Y ink are not so conspicuous
as the dots of the C ink and the K ink. Formation of the DY
20 dots in the magenta background even at arelatively early timing
thus does not significantly worsen the granularity. In the
case of printing a gradation pattern from magenta to black,
the use of the DY dots desirably delays the timings of starting
the formation of the C dots and the K dots and thué significantly

25 improves the granularity of the resulting printed image.
Fig. 26C shows the results of the simulative computation
0of the dot recording ratio with regard to each color ink in
the case of printing a gradation pattern from magenta to black

without the DY dots on the printing paper having the restriction
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dots and the K dots in the case of Fig. 26C are al nost the sane 5 as those
in the case of Fig. 26A. Wen a gradation pattern from g@@& ack is
printed, substantially simlar effects of inprovenent iggpi tﬁ?EPﬁﬁglity
are attained in the case of printing with the DY dots on the printing
paper having the restriction of ink duty equal to 220% and in the case of
printing 10 @&t haut dultey R§udat sScomébe. primd | fgs PRPEr ohathagstihelative
restriction of ink duty equal to 260% As shown in the results of the

si mul ati ons compugatig@BAshowBBin antg 2683C iard empagwe Ofwighi fhiosg ghown
gradation pattern from magenta to bl ack, the use of the DY dots

ef fectively pRevft 285 t Ay raAGREsi £F FFaRTbRY g v etidd dn @™ hBeeby
L Peoy oo topaBh il ByR A4 3 HIE LRl Pq PrdY 2del ARRSe: A Dehe

effect of us I Nk 18 reducing € qua I'es of —consunption of
the Y ink the kfok8KinapdetbgsdMi NG g ThesRboygehesulgk-aaak ibiepakiukati ons
suggest the usage 20 of the DY ink. In the case of printing a gradation
pattern frofromgenientizaotblbaekk iderintaat iswbsalanddiad 1w ¢ imiter BYfenks
starts prior to the formation of dots with the Cink and after the

formati on of ofotmpypyémene iV PARLUTReIWHLI K angs adthdaedcinsdst cgset RAt  of

the Y ink anbng the three basic.cql or ink 25 C, .M and Y. The.dot f th
Mink have bBE nE?“éﬁt‘éﬂtpntgﬁvgﬁcgogﬁooﬁx%P@sgr?ﬂglﬂgep@eﬁaagﬁf’ﬁg ‘§I’H§re ig

anot her sugggg%jg?gc%w JELORE ?}%& é&r}%\i@g%&f %?gc% B?fe iake dPpEhRAge Of

printing a gradation pattern genta to ormation of the dots

with theY yoknstardss 99 ad3 sSeptasheri 00% phh&F nake nlorwmtkefrobtdohs
with the LC ink. The DY ink has a hue closest to that of the Y ink anong

the three basfciokl dntyi egsalCrtoMéadand Y. It can thus he thought that the
dots of As shown in the results of the simulations in Figs. 264,
26B, and 26C, in the case of printing a gradation pattern from
magenta to black, the use of the DY dots effectively preventis
15 the granularity from being worsened and thereby improves the
picture guality of the resulting printed image. Another
effect of using the DY ink is reducing the gquantities of
consumption of the Y ink, the LC ink, and the LM ink.
The above results of the simulations suggest the usage
20 of the DY ink. In the case of printing a gradation pattern
from magenta to black, the formation of dots with the DY ink
starts prior to the formation of dots with the C ink and after
the formation of dots with the ¥ ink. The DY ink has a hue
closest to that of the Y ink among the three basic color inks,
25 C, M, and Y. The dots of the M ink have been created in advance
to express the hue of magenta.
There is another suggestion with regard to the usage of

the DY ink. In the case of printing a gradation pattern from

madenta to black, formation of the dots with the DY ink starts
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the DY ink are created together with the dots of the LC ink. 5 The above
description regards the gradation pattern from nmagenta txg $beslbeA300@N
exanpl e of gradation patterns starting fromthe condition that dots of
only one color ink have already been forned. Simlar effects are thus
naturally exerted in the case of printing a gradation pattern fromcyan or
yel | ow 10 t o dfitesk thiet f oropitdoemelit dotst WetM doe SO itk .t h&h€ Ot Snlorhddhe Y
dots. G 3 . Gadation Pattern from., Wiite to Black Figs. 27A, 27B, and
27C show resift I¥eofleFREFEP VdatcBfptiaty dRkofmeng i thaeer BrAjcrealar wit h

regard to each,col 5 in the case of priptin radati on pattern
fromwhite to'b Sdc%"vm'pﬂ'h atn% fc‘ol EF BFPn?EPSdeo%?ﬂ%EW&S@F neMt .d‘%ﬁe ot
condi tions selnd oy L& ALBULALLYEACONPULALE Ot A GHAGRICal 34 U L
conditions used for the sinulation of"the gradation pattern fromred to

bl ack. Fi§. 27A shane abevs euldrd pafi chhee 20r &4 rFukadiv@: eppyhatieen Mmidmh t he
DY dots in the case of the printing paper having the restriction of ink
duty equal t&azEEka tpjglagkRisslowsxanple exflloredeft iohepsthetas istmrting

conmputation w thout the DY dots in_the case of the printing paper having
the restrict if&r?“thPrﬁbeﬂ&‘gﬁ%aiﬁtt%otzsz@%Owg.on??@;og%mlq ﬁ@v?@]ﬂ@:ﬂﬂﬂs of

th i | ati td i t Y ts,. th ft Jnti
paper  havi ng TS POMTCT ATt nkEERGE) St b A SRR g,

27A, in the %ec%%epbknﬁfﬂﬂtﬁn%lr@%%tédﬁliot@ 6B chl PFLWNET&n 18 BlaAGloy
formation of the LC dots, the LM 100 23 ' Septenber 2003 dots, and the Y

dots gradidal Ity bheackasesh frregrhadement bifathstratietsi niwhiahe toddes schavre be
en formed. Wien the dot recording ratios of the LC dots and the LM dots
approach to X0GoWs-

c-3. Gradati Patt ¢ White to Blacl

Figs. 27A, 27B, and 27C show results of simulative

computation of the dot recording ratio with regard to each color

15 ink in the case of printing a gradation pattern from white to

black with the color printer 20 of the embodiment. The

conditions set for the simulative computation are identical

with the conditions used for the simulation of the gradation

pattern from red to black. Fig. 27A shows the results of the

20  simulative computation with the DY dots in the case of the

printing paper having the restriction of ink duty equal to 220%.

Fig. 27B shows the results of the simulative computation

without the DY dots in the case of the printing paper having

the restriction of ink duty eqgual to 220%. Fig. 27C shows the

25 results of the simulative computation without the DY dots in

the case of the printing paper having the restriction of ink
duty equal to 260%.

As shown in Fig. 274, in the case of printing a gradation

pattern from white to black, formation of the LC dots, the LM
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repl acenent of the LC dots and the LM dots respectively with 5 the C dots
and the Mdots is comenced. The DY ink contains the com}%qgn%e@m@jﬁe LC
ink and the LMink (see the condition 6 given previously). Replacenent of
the Y dots with the DY dots before the dot recording ratios of the LC dots
and the LMdots reach 100% thus effectively delays the timngs of 10
starting the dorsaendntled ¥t et € gwidiaddy {herdhses Frofhehdelrdytiadf staee
timngs of starting the formation of the C dots and the M dots desirably
makes the dot® MRECR nedndPrEuBBEeaRBCRhEPERGA . pridiRmt Eh¢ héo ir BREPBRLIRY

from bei ng worsened | resulfing ri,nted | .15 Wth an in se in
dot recordi ngrar%Jt?%sO?)f tt?'%e @ %ksaﬁg%\}ﬁ’&t Mnﬁﬁgsl iaé’l?trﬁé'@g or!cfo tfﬁéggol or
expressed on Lder o Qidid E RAREE.C 8o95284@! 11Ye IpRLRY L ichen
the sum of thi&a%t recording rati og of the C?, M and D%s?%i:ggﬁgggﬁ%gﬂ\?he
restrict-Bon e imikois andf aheaMi datef 14 heolaltdesd i s TR@ pDEMIBRCESh BAnE he
dot recording ratios of the C M and DY dots are gradually decreased. At
the final stadde conppnendskofotke I4r énkoan@dhet LY Hok (rsecottiengondt tboonf

100% The resultin rinted i mage _on_the printing nediumis a gradation
pattern  having tHE: EOR QU o RERGERETERSNPRNERE FoIBFACKE tB5tReDY

ern havi g e doi o . hFbe Bsthnd?
i o conpar ed 1 Th THe Toeil S Rt dlration pr PhE EGoHOh Tabelend oy

dots shown i mMigbt27Beacheober MRLLOR ek dthe Py dahisvdesiHal dmdaiayss t he
timng of starting the formation of the K dots. According to the 101 23

Sept enbed 0200 anonidig ithe Horeationed phevd duoskyand hdeDY datls .cofthai dsldshe
conponents of the LCink, the LMink, and the Y ink. Replacenent of the Y

dots with t hD¥rgotsnings edided itWetherfriinaniqyf of the C dots and the

M dots désirablyrnakes the dots more inconspicuous and thereby
prevents the granularity from being worsened in the resulting
printed image.

15 With an increase in dot recording rafios of the C, M,
and DY dots, the lightness of the color expressed on the
printing paper is gradually lowered to darker gray. When the
sum of the dot recording ratios of the C, M, and DY inks reaches
the restriction of ink duty, formation of the K dots is

20 commenced and the dot recording ratios of the C, M, and DY dots
are gradually decreased. At the final stage, only the K dots
are formed at a dot recording ratio of 100%. The resulting
printed image on the printing medium is a gradation pattern
having the color gently changing from white to black.

25 The results of the simulation i1n the case with the DY
dots shown in Fig. 27A are compared with the results of the
simulation in the case without the DY dots shown in Fig. 27B.
The formation of the DY dots desirably delays the timing of

starting the formation of the K dots. According to the
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the C dots and the Mdots. This gives a certain margin for 5 the

restriction of ink duty and thereby delays the timng of ;% I
formation of K dots. In the case of printing a gradation patgtgﬁet%llrll][]%r%)?ﬂ%hi te

to black, the use of the DY dots desirably delays the timngs of starting
formation of the C dots and the Mdots and starting 10 formati on of the K
dots, therebycqrdvenin ng nbaetjoaadl aretyoukiom bhaengywansenashaichd MKOVI Ng
the picture quality of the resulting printed inmage. Fig. 27C shows the
resul ts of tHKEOMHGAATHS € tdenbutak. dihe WMtindut an@&hBY! doks | Replrecaaset of

the printing r in 15. the restriction of ink duty equal to 260% As
clearly underdggg’c? &?\éﬁltghglg}anﬁé?iﬁﬁ{%ﬁ FﬁQuF§§qu§ ?rrﬁib?or??‘tfo and
the results 1.3 A LA, nd t formation at
substanti al | yht{e(gggﬁte&ﬁ&rﬁq%% @F?%tt%é nggs 5?99%% %t?%%t%l%r%adraqll% or

pattern f5omiMy trestte ikitack, thﬂnIZOdlhﬂilDrem@f‘f@{étrdb& BieQIag"setHQaHrhi/néyOﬁ he
use of the DY dots is thus substantially identical with the inprovenent in
pi cture qualsitarthy g Hamygifiegmaid one sifr iKctdodns .of i nk duty set for the
printing paper from220%to 260% The above results of the sinulations
suggest the usage IP5tBE FABC DY iRALNYING e 9Eadatapnppphtpry BrYR adsiticon

e TRl S BT St Y b
(25,2 hue < ongaiakeukistsleie, U g SRR SR ppORS oS
starts al®er fiohmaftdomabiforhef KdabssWi thetiey prévdntihe ol srefndikeiRY i nk
are nore conspicuous than the dots of the Y ink. Formation of the dots of
the DY ink | #T®f being worsened and improving the picture quality of the
resulting printed image.
Fig. 27C shows the results of the simulative computation
without the DY dots in the case of the printing paper having
15 the restriction of ink duty equal to 260%. 2As clearly
understood from the comparison between the results of Fig. 27C
and the results of Fig. 27A, the C dots and the K dots start
formation at substantially the same timings. In the case of
printing a gradation pattern from white to black, the
20 improvement in picture guality by the use of the DY dots is
thus substantially identical with the improvement in picture
quality by changing the restriction of ink duty set for the
printing paper from 220% to 260%.
The above results of the simulations suggest the usage
25 of the DY ink. In the case of printing a gradation pattern
fromwhite to black, the formation of dots with the DY ink starts
prior to the formation of dots with the C ink and the M ink.

The DY ink has a hue closest to that of the Y ink among the

three basic color inks, €, M, and Y. The formation of dots
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over | appi ng manner on the dots of the Y ink gives a printed 5 i mage of high
picture quality with | ess conspi cuousness of dots. The detsg.QflnmbheddY 1 nk

may, however, be forned in place of the dots of the Y ink o?ﬁm g

sinmul taneously with the dots of the Y ink. The dots of the DY ink are not

SO conspi cuous.gg %He ggts of the Cink or the Mink. It is thus not
necessary to Er&8t EPEoPYneNBYSHRTES | At BeF ovks | tgxmalgiammfedads widhy thet s.

Any of theseya%ﬁgngel%{td%tdso%sf 19k B?fﬁﬁgﬁt%feP%%Qé)@stjq%o”ugjﬁﬁ@@d theage.

. conspi cuous an OWer the picturée qua

The use of theoBY éonketesi nally FegMsesok Ner Erféf}%'ot%‘l%gt LY & 4K 40 4
Wi t fo t f!

consunption. 15 There is anot her suggestion regar e ‘usagé o
the DY ink. |ovehkappsegahapnéntongtite Hagatd Orematt ank fyie@s whiptenteg

bl ack, formation of the dots with the DY ink starts after or

si nul t anedUs| age |9t iveah B RELIrerawlidat with tie ssheond il dudkusares ¢ be doVsi.nk .

The DY ink hag,_a hue closest to that 20 of the Y ink anong the three basic
col or inks, %fh‘ﬁ/l‘i]";‘rﬁo? ‘%thD%dﬁﬂi RGY - LROYRGeH P FaEmeReldlnes ofhshey

ink are cr eat@gtstoggghgéf 3_\11\4’]4 grt%ﬁ“‘g@fn@gugfﬁy&gpg{c}lgﬁt tgﬁeg?et?% J(311‘lkt he

LM ink. The sinulations discuss ove aim

deteriorationriod ddwes GrRRMADY Y n&NErk "REOVE NG I NG, Rl &dyabl hY+Qf Ehe
resulting printed image. When there is a margin for the restriction of ink
duty, the dot&hefCtimkiok tfiaviMgink esgtcarsphayotisnesscakeatiusoserstively
creat ed. long as_there is no problemin granularity, however, the

repl ace 1% 2B sigfieniberapouFE Hianiia g @adeesr wint Khiehd Godst. s, Atheot M

dots with th ot and the Y.dots with the DY dots nay be commenced at
the earlier egl?énﬁdengér]f%%%e?lﬁ%gcé dPSEuLOEd GarShethg nbY afPSAs toTHS TRdRs

conspicuous and lower the picture quality of the resulting
printed image. The use of the DY ink desirably reduces the
total gquantity of ink consumption.

15 There is another suggestion with regard to the usage of
the DY ink. In the case of printing a gradation pattern from
white to black, formation of the dots with the DY ink starts
after or simultaneously with the formation of dots with the
LC ink and the LM.ink. The DY ink has a hue closest to that

20  of the Y ink among the three basic color inks, C, M, and Y.
It can thus be thought that the dots of the DY ink are created
together with the dots of the LC ink and the dots‘of the LM
ink.

The simulations discussed above aim at preventing the

25 deterioration of the granularity and improving the picture
quality of the resulting printed image. When there is a margin
for the restriction of ink duty, the dots of the ink having
less conspicuousness are thus selectively created. As long

asthereisxu)problmningranularity,however,thereplacement
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the points of starting formation of the C dots, the Mdots, 5 the DY dots,
and the K dots closer to the value of 0%on the abscissay; o1&} o the
condition 6 given above, it is possible to replace the saneég}guaﬂ%l{%bio%s of
the Y dots, the LC dots, and the LMdots with the DY dots. The repl acenent

ith the DY dpt t.th | i im h f bl d th 10
}tMot al qu:nt i tfj’gofh?nlké c‘ﬁ%@%ﬁﬁﬁ{)ﬁ&{e?ﬁggﬁié?}h?x&%%og%[é’ejg#ufg%eaﬁeﬁﬁﬁﬁe of
bet t | bt i &4 f.l tit f tot i nk
consumpti on- apd the WIAGLs WILCRREI oY o O nly nd EhaANE S ¥e Jnd BhPitklss

quantity of teieiniskisanstHid @.scliRe AP BHOPRL 8t AngPiti st 15 %aR hAKssbe
sel ected for the use of the DY ink based on the priority to the picture

quality, the pheopdintsoof hetdessng gimmadtiomfoft dattal G WoteqnsuapMi aBLsor
the conpatibility of these two effects. As described above, the use of the
DY i nk i npY ovERete A9ks graifliths &y dokFi ehofay be Ve serate I Ofeon the
conspi cuousne he an_dots,, the magen dots, or the black dots in a
gradati on pa??seﬁls?%' t hlgg%%%‘go% aif‘%a&eba‘?‘%n%f/?nori‘ n¥ %ﬁ‘ﬂe’aa‘?ﬁo%geﬁ afnk
may al so be ?@Qsiﬁie td&cfatcd Rhe sad€ Jdigdariey gl Qﬁ’e'f‘ otid1e§RedBEK.

i nks have 25 the effects of iInproving the granuJ1 arity based on ‘the nmargin
for the restrdets praraf thek LHuGytandi t¥awibegpheot ot alTHpiaRbiib:emeh i Wkth
consunption. The use of the dark cyan ink inproves the granularity, which
i's worsened byhe H& yelisowtdohe eadlide tihegentthuwottavoSiabilyarkiuthe tise of
t he dark genta jnk 104 23 Septenber 2003 inproves the granularity, which
i s worsen®d byPthe PO ERS 1HhEUHEMREP ot s. The yel | ow dots having a

high lightness ar el'hé.'ﬁ'@@\/oefr th8rﬂygkﬁﬁldi%eisnggr}_%g%uggsoe ncderaéreaﬂ]l? ang‘{]teY mai n
undertheconditionofzafixedquantityoftotalinkconsumption
or prints an image of equivalent picture quality with a less
quantity of total ink consumption. The appropriate setting

15  can thus be selected for the use of the DY ink based on the
priority to the picture guality, the priority to the less
guantity of total ink consumption, or the compatibility of
these two effects.

As described above, the use of the DY ink improves the

20 granularity, which may be worsened by the conspicuousness of
the cyan dots, the magenta dots, or the black dots in a gradation
pattern to the shadow area. |

Dark cyan ink and dark magenta ink may also be used for
the dark ink. Like the dark vellow ink, these dark inks have

25 the effects of improving the granularity based on the margin
for the restriction of ink duty and saving the total quantity
of ink consumption. The use of the dark c¢yan ink improves the
granularity, which 1s worsened by the yellow dots and the

magenta dots. Similarly the use of the dark magenta ink
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factor of the worsened granularity. The use of the dark cyan 5 ink thus

i nproves the worsened granularity mainly due to the nageRggq,
Simlarly the use of the dark nmagenta ink inproves the wo geﬂgﬁﬁeﬂoo‘?’

granularity nmainly due to the cyan dots. The use of the dark yel | ow i nk,
on the ot her MLOVES ened .granul arit ue to bqoth the cyan
dots and the Jllgpﬁ% edgfgnugﬁﬁmg t"ﬂ'tfs }ﬁﬁgtw%"fsreerb%/q g’éf theye ldeomia 9EFYOW
ink having t th t o]
iyl | m T 4o T,

than the dark cyan i enta ink VI ewpor n

i nproved granut@y itdwetdie, use pindieg 1dﬁfdﬁs)tﬁ|d®\ﬁsi Blka ar@oabrdepbradte. 15
C-4. Application -U-Pzluter with Four Col or |1 nks The above descri ption
regards the efdees off thlaequeeoéd gimnidaritky i nTheeuselof 4hel deek opamg

t he six c | or inks C, Y, K, LC, and LM The use of the DY ink, however,
exerts e st I‘%‘ruseflff@c,rtoé’elsn tPﬁe‘“@BF%@%rQ?ﬂ‘éﬂ%ﬂ‘ﬁg Wrslﬂ deef barthe

col or |nks C a8 | or, prlnter the three color
inks C, M andm% EgEg %éﬁgi AdY 2B S HE r%g H}g %Flbs{(l MRS Ghs Vor
confirmng t kﬁnﬂcf\f‘éﬁ %h@fwéf‘éleﬁ’é@ anf& Yy K1 h Ty (R €8SEhe PhaRr a8t ng a
gradation pattern fromred to black with thé color 25 printer asing onl

the four col dfhd nks: Gf MheY daahd yi€1 16wy ink28AnsbRwsSot herr esmid § slr@ﬁsroves
simul ative conputation of the dot recording ratio with regard to each

col or ink in e wazrendfd gramilanity tdne Heo Do dottheorcydre gristamy Paper

havi ng t restriction of K equal to 220% Fig. 28B_shows the 105
23 Sept erer "RFP 1R LAI s ?ﬁ‘gésrrgﬁéﬁ T S GCAEY 08n of 1¢ HIdo¥ e L LE8 dihg

O oy s on " EAAEL | Rr8achotobar hOK |4k (N LARE.A BLLBbARR Y 100U esd e

DY dots on the printing paper restriction
inconspicuous than the dark cyan ink or the dark magenta ink.

From the viewpoint of the improved granularity, the use of the
dark yellow ink is most desirable.
15 C-4. Appli . to Prind {th F "ol Inl

The above description regards the effects of the use of
the DY ink in the color printer using the six color inks C,
M, ¥, K, LC, and LM. The use of the DY ink, however, exerts
the similar effecfs in the color printer using only the four

20 color inks C, M, Y, and K and the color printer using only the
three color inks C, M and Y.

Figs. 284, 28B, and 28C show results of simulations for
confirming the effects of the use of the DY ink in the case
of printing a gradation pattern from red to black with the color

25 printer using only the four color inks C, M, Y, and K. Fig.
28A shows the results of simulative computation of the dot
recording ratio with regard to each color ink in the case of
printing with the DY dots on the printing paper having the

restriction of ink duty equal to 220%. Fig. 28B shows the
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ink duty equal to 220% Fig. 28C shows the results of 5 sinulative
conputation of the dot recording ratio with regard to eagh SgpleRibel M3 N
the case of printing without the DY dots on the printing paper having the
restriction of ink duty equal to 260% The follow ng effects are expected
fromthe results of 1% the sinul ative conputation showmn in Fig. 28A. In
the color pritAcE! t§sPhgS YRV Y2 E hEe feRmp W&ot bkor 9i€s thei dot tdmordinigkedtsio not

used, it isr kI start formgtion of the C dots at an early timng.
As di scussed S"?Ebi %ﬁg fa %%ee RSP o Ak D ithe FESEOPHrPBIN Lim gyt theditar e

rather conspi eneusyandtsSosi gkl hEantly L anul ari Ly, 1n the case
with the use of the DY ink as stf)lown ing\li—?égﬁ&gd%ﬁtr%%atg‘oﬁ &esé‘}flr dd- s of
gradual | y dar kekediuiy reghati ng theo¥, dotrggwi tdgd hgnBYsdat

conspi cuousness of the DY dots forned in the red backg?our% Il:%gg;stfofvfas

that of the LEIEBLELiVRCompI b fothe hipty r2Godatis gwirabid he fBY rdghsat hus

does not wors n é%@_‘g’% nul aritg. After the perfect replacenment of all the
Y dots with the LT ok dn, BRei Gaste o eréaténghel thoot stheThe dots

formation of 4t he DY 40k . | owered the |ightness of the color
‘red to some extent . toitnﬁgﬁ%@lfﬁg%g%ngogﬁ? Tkl i gbstis Sty egual
Formati on of thez€bgots thus does not significantly lower the granularity.
The use of the DY ink delays the timng of starting formation of the C

dots and thereby i fffrovesidwingedfecasi bye dfpddisq SHrval ahieVeeSQTPULAET ON,
fSi nce thei@DY_iih{\kej( cont aitns 1_06 23 Sept enber 20_0_3_th_e conponent s of the Y
ink, the LC i Wk® aftMiHEE1HE | SRSt iqtheshoomdidtn dHig6 gisen Bbowee )colde
fl'ﬁlr rsm::]: SQSOf ﬂﬁ%ipe\é q.?stigng doen(irye He ftOI?:S_“ %%tlorre(i:(r)lgcgl, ngi;gtel ghgfLé hfn}lcvl j(.jSOt >
not used, it is regquired to start formation of the C dots at
an early timing. As discussed previously, the C dots formed
in the color of bright red are rather conspicucus and
15  significantly worsen the granularity. In the case with the
use of the DY ink as shown in Fig. 28A, the color of red is
gradually darkened by replacing the Y dots with the DY dots.
The conspicuousn’es‘s of the DY dots formed in the red background
is as low as that of the LC dots. The replacement of the Y
20 dots with the DY dots thus does not worsen the granularity.
After the perfect replacement of all the Y dots with the
pY dots, it is required to create the C dots. The formation
of the DY dots has already lowered the lightness of the color
'red'tosomeextent(tothevalueofabout25%ontheeﬁmcissa).
25 Formation of the C dots thus does not significantly lower the
granularity. The use of the DY ink delays the timing of
starting formation of the C dots and thereby improves the

granularity.

Inthissimulativecomputation,sincetheDYinkcmntains
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a certain margin for the restriction of ink duty and delays 5 the timng of

starting formation of the K dots, thus preventing the gr l.ar] m
bei ng worsened. As clearly understood fromthe conpari so%glg’g ﬁglngﬁr%@g
results of the simulative conputation with the DY ink shown in Fig. 28A

and the resul t'L'E} of the sinulative conputation w thout the DY ink shown in
Fig. 10 28B, tRE GSBPEPeRRE BY thR ¥iywkii Eadth§ Jdf and thie tLiMhilmg disee
starting for o] .t he K.dot r t he val ue .of about 25% on_t he

absci ssa to {Tﬁ}elbvgfjgteutg Sgbgugﬁ’gg}o %‘I%]ﬁiv i’re%h? ffﬁ’ﬁf"a?tlﬂ@ Qle tBf PRedB¥Si nk
remarkably pravesbsstbergsadeH afdddrd 1M REING WL SERE S5 kirg- hows
the results of the simulative conput aliligﬁgrf w t hout tﬁlg %%/t%hk#hﬁst ﬁggggse
of changi ng theceesaincnaoginf for nkheluteys setctiorm tdfe K [dtRY apapee 1hkem
220% to 260% As clearly understood fromthe conparison between Fig. 28B
and Fig. 28CtheHeln it easetant s Eormetdancif thk Kdoysdettmys prhwedingni ng

of starting f%mation % t he F dots.. The conparison between Fi a 28A and
Fig. 28C, howeVer ITSRBIR L ha: TTHR ReFRL1Orsaned nedshFlrpAcidaunAgrekhecd

restriction ofripnkigut ; han the.,ef fec tained by.the_use of
t he DY i nk. E\%lg?lﬁi ﬁﬁgt )ﬁgﬁ(%%sﬂé%%ﬁ tbthe preitnntetlhﬁeg l;e)ea%)%ta%a% ng]q? hélrrngg?g%g?i on
of ink 25 dutyompushtion2p0% tHeeDC OOk Ssisdiaulic ﬁigttzéz@r&ﬁi PR fésﬁ%@s

val ue of 0% on the abscissa. The use of the dark ink, on the other hand,
del ays the tiafridofigndnting donpmta bicofvitheut tidety taktdieowalinerod.

about 25% oné he abscissa. As described previously, cyan is conplenentary
to red. The C%dt st &senad iy DB isgpséapifiopnbly dekayedwepténong ¢ t he

that of tne K s AR SE R Rerk GPPSTLFT 1 Gees 67 BPOEREES dot s
to the value on the abscissa to the value of about 75%. This means that
the use of the DY ink remarkably prevents the granularity from
being worsened.

15 Fig. 28C shows the results of the simulative computation
without the DY ink in the case of changing the restriction of
ink duty set for the printing paper from 220% to 260%. As
clearly understood from the comparison between Fig. 28B and
Fig. 28C, the increase in restriction of ink duty delays the

20 timing of starting formation of the K dots. The comparison
between Fig. 28A and Fig. 28C, however, shows that the effects
attained by increasing the restriction of ink duty are less
than the effects attained by the use of the DY ink. Even in
the case of the printing paper having the restriction of ink

25 duty equal to 260%, the C dots should start Formation at the
value of 0% on the abscissa. The use of the dark ink, on the
other hand, delays the timing of starting formation of the C
dots to the value of about 25% on the abscissa. As described

previously, cyan is complementary to red. The C dots are thus
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of about 25% on the abscissa by the use of the DY ink thus 5 significantly

inproves the granularity in the bright area (that is, theskj.galigh
area). As described above, in the process of printing a graggt |Hon %(g{gtern

fromred to black, the change to the printing paper having the higher

estrielon, olagils e IS, i 10, Lot el |1 ol L e ehadow

area (that is, € area avi ng-Targe

the DY ink, @pn ddiswtdigiudiand, ;i % iC ' r. th ol e
range fromthe hi ghIE?Lght ed ar ealtsgg?ﬁegéh%{abgjw%asr ggg%cgga%%éﬁ ?\égtsi'on@lf‘%h
Printer wth déarapedalionngnéd striiigsr 29 mandor Y3 shew Hbhesreswhiesvoiue
sinmulative conputation in the case of printing a gradation pattern from
white to bl ackf viBout heStodrtipe | aberissd gy oty tde & the ad ink i tikss and
not using.the Kink. Unljke the ' black' color expressed by the Kink, the
bl ack' c8l or* kb %aéat1&915956%8ﬁ&%ﬁ%‘?%ﬁlrl%lfl%éndeh%raa%t\ﬁne@késtlemiés

not have a suf_.f i.-Ci : | j.ghtness and gi ves an i npression of
s tué€ }%ﬁrﬂ%ﬁqﬂfg& elr%]he)

di mess. In the case nting " black' color with the C M and Y

inks, all the C daiss, abBerMdat ssodnd the Yot srepeukd havg dat;pecar ding
rati os of 100% Fig. 29A shows the results of the sinulative 25 conputation
of the dot repwrditigpn paikbenntfroegarndcd blaakh tind ehanpBktd Ahkhbsistatie.
The sum of the dot recording ratios of the respective color inks naturally
exceeds the rRERES AAVERIthenkigHeF yregkel aliicdn ot tinkgdudy imprefots the
recordingarati.os are not ractical. In other words, only the dim black

col or can be.p 5 S5 er°W0§ne>Fdlre§a§§’é3di% FHE ddGIt grimtére ey the
three color i 'yngaiarﬁgngaiiﬁegh@n W@C%bgg}gsggw eF0d L9 JFaL, 95 RTi§uSet by

taking into account the restriction o
on the other hand, improves the picture quality over the whole
range from the highlighted area to the shadow area.
c-5. Applicati to Prini {th Ti o In}

15 Figs.292 and 29B show the results of simulative
computation in the case of printing a gradation pattern from
white to black with the color printer using only the C, M, and
Y inks and not using the K ink. Unlike the 'black' color
expressed by the K ink, the 'black' color expressed by a

20 combination of the C, M, and Y inks does not have a sufficiently
low lightness and gives an impression of dimness. In the case
of printing the "black' color with the C, M, and Y inks, all
the C dots, the M dots, and the Y dots should have dot recording
ratios of 100%. Fig. 29A shows the results of the simulative

25 computation of the dot recording ratio with regard to each color
ink in this state. The sum of the dot recording ratios of the
respective color inks naturally exceeds the res.triction of ink

duty, and such settings of the dot recording ratios are not

practical. In other words, only the dim black color can be
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Fig. 29B shows the results of the simulative conputation 5 of the dot

recording ratio with regard to each ink in the case of usi th ots
in addition to the C M and Y dots. In this simulative ?gﬁ%&eg@F%ﬁSi nce

the DY ink contains the conponents of the LCink, the LMink, and the Y
ink (see the condition 6 given previously), replacenment of the Y dots with

10 the DY doespaesisedbby tleeradases prigtdet us e i n L 951 . dot s
and the Mdots. The use of the DY dots accordingly enables (1? elﬁe]i%'r e%sssi on

of the col or 16P9saFf FReept2gt tsahrdatl asicordiey whenotherpraet imakat@hg
recordi ng ra?j'h%g %rg se% %1 t aki n%_ into account the restriction of ink
duty. 15 As describef Hbove® CRETLLELIPNt RE BYK| AktBnabl es the expression
of the color of suffjcCi I I even. wthout the K ink. The use
of the DY ink insteag ozl?jﬁt hgoﬁgiﬁﬁérgrslg%&gsofﬁgee%?‘é]sﬁjo‘ﬁe GPTPHEaEIPBr of
suf fi ci erfi | yotl s ditaekcozad ngnadt £§ e rEBES0fo N bt uglily to
be printed 20 with the color printer usli ng tgﬁe ?ou? rgggﬁo?h?n sec(lf,ae %/FS?, and
K and in thec€oteingrile 1Y deitmginhaddixionls tneks i pcl 484 ng adithe Lg,and

LMinks in addition to the above four color inks. In the prior art color
printer using’tReStBUtaEsVer cPRRYtBEIORhesEnge ctherDY nksk abhaabnenthef the

ink cartridg 25 i i.n_place of the ink cartridge for the K ink
with the re(g%%lgge%é%gser%g Pco esr}“kff &rnkgxéiﬁﬁl EM igky iandhghend prknfeeedkheer

to a special cpraNt e [ f Y i n nabl es formatiqQn . of the DY
dots and pri?\ts an (Frrlr%lg\ig}énh%ﬁ%g?%%ﬁz &Iueﬁeﬁqcfm%%cpﬁgﬁﬁ%% Agts with

suf fici éft | ytice emy ddiae ka1 vl 0% 23 30t eXRe 20 CL appve
with the results of the sinulative conputation, Ot hgéﬁégdgﬁét%éepﬁ&icﬁﬁ
enhances t hetkedr detef andrigeridimdbhsdotTHeo st bONIBNDY HUS si APEOVE@I YT

picture qualér&ﬁ’bles the expression of the color of s ici
ufficiently clear black
even when the practical dot recording ratios are set by taking
into account the restriction of ink duty.

15 As described above, the use of the DY ink enables the
expression of the color of sufficiently clear black even
without the K ink. The use of the DY ink instead of the K ink
ensurestheexpressrmlofthecolorofsufficientlyclearblack
and enables the image of high picture quality to be printed

20  with the color printer using the four color inks C, M, Y, and
X and in the cglor printer using the six color inks including
the LC and LM inks in addition to the above four color inks.
In the prior art color printer using the four color inks or
the six color inks, attachment of the ink cartridge for the

25 DY ink in place of the ink cartridge for the K ink with the
requiredoperations,forexample,rewritingthe;minterdriver
to a special printer driver for the DY ink, enables formation
of the DY dots and prints an image of high picture quality

including the sufficiently clear black color.
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under a variety of printing conditions. The enhanced degree 5 of freedom

with the use of the DY ink enables inages of |ow Ilghtneggsgﬁ% W%ﬁ%b03
saturation to be printed adequately. In many cases, the desi g‘ or can
not be expressed in such imges because of the restriction of ink duty.
The use of the DY ink relieves the restriction of ink duty and thereby

enabl es 10 the col ors @a¥RsIRH (albot\ﬂéewﬁlfthmth@grgéﬁffstbef;'h&lQfﬁﬁél%\gi\;?ﬁk

desired color. In the simulative conmputation di scussed above

sati sfying tHomboiaticondi thenuge was thedbds ihke edYandes tHY ddrddkod S
simlar to the DYl ink shown in Fig. 14D. The 15 use of another DY ink
simlar to tHEDSET AR A oaretdson aed Wius Lapreveedtse réctilse unsel thel ow.

B d th t f | d t hat
Dok T e e Qe T e b I e A or el Saianeed 14RO e | he
C ink, thg Mdmkroantht he o ivhle 12Q é%ce[zgl pe 1o the af' é’g/e Og%”d' tlf;r‘”!ﬁow

through 6, it is thought that the DY ink is o {ai ned

quantities oflitdbne@Gs mutamd.ghhealtirak iba thep¥ pﬂkntéhnégeﬁﬂﬁtéiynKZM§
equivalent to the conbination of identical quantities of t ink, the M
i nk, and t he ™MI¥niEassfe Hhe fledigadhaedior tehadthdeariedpuress2h din 3fkh

quantlty of the Y ink and 1/4 quantity of the K ink. The ink thus obtained
is simiar t o PIEDYSCRIRE HoWS RegF lCtT%EOfTHEke@$EEtsTH@S@ﬁﬁb@at@@ove

Wi th the DY 'D'?’kll&'}@(}%rl]lte%s @f?g\i%sct%%'tg.' ?1” he C%lﬁ stal%lslﬁ ‘;E’%gl the

DY2 ink. In the actu printing op eratlon 523

Sept enber0 20@BeKcbDEri Sxeehkd ¥ad Qﬁi the fannEPﬁ@ ﬂlﬁ{(éLO'%oof)e quo the
gquantities of the Cink, the Mink, and th IS not s ric
fulfilled. Vheibgad cnkors however, expected to have the qualltatlvely

In the simulative computation discussed above, the DY
ink satisfying the above condition 6 was used as the DY ink.
This DY ink is similar to the DYl ink shown in Fig. 14D. The

15 use of another DY ink similar to the DY2 ink also exerts the
similar effects as discussed below.

Based on the theory of subtractive mixture of colors,
it is assumed that the K ink is equivalent to the combination
of identical guantities of the C ink, the M ink, and the Y ink.

20 According to the above conditions 4 through 6, it is thought
that the DY ink is obtained by adding 1/4 quantities of the
C ink and the M ink to the Y ink. Since the K ink is equivalent
to the combination of identical quantities of the C ink, the
M ink, and the Y ink, the DY ink is thought to be the mixture
25  of 3/4 quantity of the Y ink and 1/4 quantity of the K ink.
The ink thus obtained is similar to the DY2 ink shown in Fig.
14E. The effects described above with the DY ink under the

above conditions are thus also exerted by the D¥2 ink.

In the actual printing operation, the condition that the
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simlar effects to those of the DY1l ink. The DY3 ink having 5 the

significantly different spectroscopic characteristics in 28Repahmga Rost he
| ow sensitivity of vision to the color may also be used as the DY ink. The

sinmul ative conputation discussed above is carried out under the condition
6 that the DY ink is equivalent to the 10 ink including the identical
quantities of Kthek liG bgkiaateh e d MhisNkohbh Bodi & Y | rates
of the LC ink and theqLM ink added to the Y I ncid g?ei,@%%?\%/aelf f;ﬁ%gttltéges_
restricted tooftHie Ccomki therM 1A%, sdmdwthieny Eng. id Ao tt der Cont € mG3 £of 16Re
cyan dye and éhe magent a dye included in the DY ink are approximately 15
one quarter thBecBAtents bF: tHRVeVRR Fperied He hayentiedyualineltddedyi n

the Cink and i pectively. The c ents of the dyes included
i the Dy [nihELtE BEcebESEF NG o dReBILTTRE. ol Sak bosing) e
nodi ficati®n gAY yadyif t . e ent.a dye or
change the ratio f;% beﬂ%%@%cfgﬁ'}fg%g%&g ?ﬁ%gﬁggse%étﬁgl%%a%g%g&égfe Pn

rates of the tyesarerwbifdeide ivowt benbYtivktyidicyeasen tdenki ehiHesmohi1the DY
ink. In this case, starting formation of the DY dots even in the state of

a relatively Beghsed ght feesDYthak.is, the state of a small value on the
abscissa 25 in the graphs of Figs. 25 through 29) does not nmake the DY dots
conspi cuous, thus not® ey s rERERNIN G scrrsenabedseisi parnied of

e s, e ABGAR L RN BE 4 Rl Pty SRl et o,
dots. Thil® acoex dﬂr{tﬂiﬂdﬁfﬁ]&@f’eeﬁdé%%igglssﬁéﬁ@@{ego@tﬁ e 1 Eﬁf&.t $n8'the
i nproving the granularity based on the margin or the restriction of "Tnk
duty and savilig irtie imokddiguant toythefy iimk .CONBYMEtHN.of the LC ink and
the LM ink added to the Y ink are, however, not restricted to
this condition. As shown in Fig. 12, the contents of the cYan
dye and the magenta dye included in the DY ink are approximately
15  one quarter the contents of the cvan dye and the magenta dye
included in the C ink and the M ink, respectively. The contents
of the dyes included in the DY ink are, however, not restricted
to this composition. Possible modification may vary the
contents of the cyan dye and the magenta dye or change the ratio
20 of the cyan dye to the magenta dye.

The decrease in rates of the dyes included in the DY ink
increases the lightness of the DY ink. 1In this case, starting
formation of the DY dots even in the state of a relatively high
lightness (that is, the state of a small value on the abscissa

25  in the graphs of Figs. 25 through 29) does not make the DY dots
conspicuous, thus not worsening the granularity. The increase
in rates of the dyes included in the DY ink, on the other hand,

enables reduction of the greater numbers of the other color

dots by the formation of the DY dots. This accordingly enhances
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The present invention is not restricted to the above 5 enbodinent or its
nodi fications, but there may be many other nodificationsys;g d
alterations without departing fromthe scope or spirit o? t%@&%§§HK%§
characteristics of the present invention. For exanple, the software or
application ograns that actualize the above functions may be supplied 10
t hrough a Conﬁhﬁi8£FPSES|PﬁelmEFQY%ﬁ9ﬁ§n?Iﬁﬁ@ﬂ@}aQﬂtUhéaGde@mGMMB$¥ﬂKﬁﬂhOr

an external s a i The s e.and _spirjt. of the present invention
are linited %%Fygﬁﬁqf%%fféﬁ%%o%fﬁ$ﬁ@kagbgﬁdﬂﬁi@Pﬁ?ﬁﬂ.t§§2b?§1B@N@@ﬁﬁéﬁ
2003 WHAT | S kA MEDcbRsumptAcRli Nting system conprising a printer. that
creates dots with a pIuraPity of different inks, so as to print an imge
on a printing medi utheapdeaepti Ahveantbal ker nbhates¥RPRLEES PoCPRE Above
information to said printer, so as to control the <creation of dots with
the pluraldtyeBpodimpaient 1kInodifsies i .d bprti hherontaplbemaaynpthses: a
dot on-off conditi.on ggecific tion unit that specifies dot on-off

condi tions w PRIFEGEPEIPBSA &%&Dé’leist'y P pasierEol s Ththaks depantdask

i nk based on } t 44 t urali,ty of. basic col or, inks bein

conbi ned mﬁthfgﬁg ghg?ﬁg?ﬂgoégxé %Eé% %%H?g%aéFgléba5ﬁ;%Fﬁ&5&&Fﬁ P%ktﬁﬁving

a main wavel epgéBeriediovenefoh i gitorabsanph bon:sahsiAnd.al Iy %ﬂgﬁl&b&@ko i th

that of one basic color ink selected out of the plurality o asic color
15 inks but aptreewamsithehesstudhnzé hite afbdie melraied bagi secohppiibak;
and a control information output unit that outputs the control information
to speci fy t hEREOEIR R 6pPmubhartionsiniea ko thegnatn temory f tihal coypotebasi ¢

color inks angyépgmdgfkaﬁngxternal storage device.

The scope and spirit of the present invention are limited

only by the terms of the appended claims.
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20 to said printer,. said printer conprising: a control information input
unit that receives the control information to specify thgs deiteiber®ihs
conditions with regard to the plurality of basic color inks and the dark
ink, 25 which is output fromsaid control information output unit; and a
dot formation unit that creates dots with the plurality of basic color

inks and t he wiax’k IsikcLAsasod Ts: the input control information. 2. A print
controller that supplies control information 113 23 Septenber 2003 to a

printer, -which creat éspPadnsingt $vatph ginnisiofly di bEéneat thaksgrdat«s der
to control the creation of dots with.the plurality of different inks, said
printer cr eat‘fontgS H&‘%cb W?ﬁragbfgrﬁ Bf‘%fSFe’gﬁs‘ir’é{S 558Gt i agnvigragas
with a dark ifk, . the: plifalidys of hasi I ' in onbi ned with one
anot her to excg{r(e&}ssﬁ%ﬂlr pg;jlrat%%/l col or, ﬁ]ep%géﬁ( %Oﬁkkfsﬁ@;‘ﬁ%g é‘ﬁi%%ﬂeﬁ%ng; h
region ob |idHteiIsordemisuhstent sald ypidepdt cakoWakh ¢hhat, 9. ane.;, basi ¢
color ink selected out of the plurality o? basi ¢ color 10 inks but ahfovver
| i ght ness t harddizstornnfof Idetsemddhedhbagilaraatoy ofnkiffai-dnpriinkscontroller

conprising: a dot on-off condition specification unit that specifies dot
on-of f conditions WKei8ggRddt BriRE BPREEPLI§T ofomBEL82515 col or inks and

the dark ink, base input..i mage data;, and_a coptrol information output
unit that outputs f (g& &6n %glc?r%flotrlr% FBREL DT SPELPR Jidttetidt SheSdfies

POEdi E ions ‘é\‘dch: oit‘leQQf Gon@ikhenk! #H 8k a0k Hag ﬁl@éf{tﬁr s, 204, the Jark
I n 0 sal printer.
10 inks and a dark ink based on input image data, the plurality

of basic color inks being combined with one another to express
achromatic color, the dark ink having a main wavelength region
of light absorption substantialiy identical with that of one
basic color ink selected out of the plurality of basic color

15  inks but a lower lightness than that of the selected basic color
ink; and

& control information output unit that outputs the
control information to specify the dot on-off conditions with
regard to the plurality of basic color inks and the dark ink

20  to said printer,.

said printer comprising:

a control information input unit that receives the
control information to specify the dot on-off conditions with
regard to the plurality of basic color inks and the dark ink,

25 which is output from said control information output unit:; and

a dot formation unit that creates dots with the plurality
of basic color inks and the dark ink, based on the input control
information.

2. A print controller that supplies control information
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20 3. A print controller in accordance with claim2, wherein said dot

on-of f condition specification unit conprises: a nenory }
col or conversion table, in which each tint used to expr\é\ggggpt?:%lﬁ%rfmogﬁge
is mapped to a conbination of the plurality of basic color inks and the
dark 25 ink to represent the tint, said dot on-off condition specification
unit specifying the dot on-off conditions with regard to the plurality of
basi c col or iteks R ier -dalkhi ewke diyes efotrsr WDEh t:0p3akd160L05 LAPELSION
table. 114 23.S gterr.ber 2003 4. A print controller in accordance with claim
2, wherein S&P% dot ol ofET cHRIAIGFdp et | eaerbhouNnit sherd fivesht heedot

on-of f conditi,9ns-with LeIaL e.plurality of basic color inks and the
dark ink, basgd oﬁ a %regetag“;g)'rf%%%l;1 i%ﬁk?egardi ng 5 dots of the plurality of

basi c col or inks angdadetsrohtéhecdaskinkNkors. ring,controller in
accordance with claim?2, wherein t hel%lgr KoTnk” alg ‘Iljo l‘fclr?it%ﬁ%’nggsbﬁﬁ&c

sat urati orP t haaleRobekafas ered lbasiwel tiolodarhk15R), 64t 194 10fr-t 'E‘;% B%EE_@' ity
of basic color 10 inks. 6. A print controller in accordance with claim 2,
wherein the G&FRTi nilifas PE1REI noCominedgtH thegboa farotist $of 0O8ghYess

absorbing a r ' Lsihble r Lch . is substantially identical with
that of one bggtlﬂé&g%lz%é %Oﬁﬁ%e?@%ted&f\ega{iﬂ&?mfw 5y Havelgnethbasgtotol or

inks, and a geeat@efht Riredratieh ki tivity. in a_.wavel ength region
of the visible ra%e thanI@t hat g}‘lggﬁgnggﬁggge}ﬁ%naéccaqc(‘ﬂlg% i%hﬁl.t 9L AMPrint
controll er i rbasborasnce inkt betbatsubounhers iy phlieadakk Lek,bhas the rmin

wavel engtlrb region, which is nostly
inks but a lower lightness than that of the selected basic color

ink,
sald print controller comprising:
& dot on-off condition specification unit that specifies
dot. on-off conditions with regard to the plurality of basic
15 color inks and the dark ink, based on input image data; and
a control information output unit that outputs the
control information to specify the dot on-off conditions with
regard to the plurality of basic color inks and the dark ink
to said printer.
20 3. Aprint controller in accordance with claim 2 . wherein
said dot on-off condition specification unit comprises:
a memoxry Wl}ich stores a color conversion table, in which
each tint used to express a color image 4is mappe:d to a
combination of the plurality of basic color inks and the dark
25 ink to represent the tint, |
sald dot on-off condition specification unit specifying
the dot on-off conditions with regard to the plurality of basic
color inks and the dark ink by referring to said color

conversion table.
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20 included in a wavel ength region of 400 nmto 500 nm and a smaller |ight
absorptivity in the. vicinity of 700 nmthan a nean |i ght bty 1N
a wavel ength region of 600 nmto 700 nm 8. A print contr%% ?%’r%glflﬁér%bg
accordance with claim6, wherein the dark ink has the main wavel ength
region, which is nostly 25 included in a wavel ength region of 400 nmto
500 nm and a greater |ight absorptivity in the vicinity of 700 nmthan a
mean |ight absorpti-\A& pying conenvel eigtth aegpminrgfe 600h i Z0&hemein 9. A
print controller in accordance with claim2, wherein the dark ink has: 115

23 Sept enber SFGEBIP AT HaF dR e eRiPameceigor rolt R cdLise vhrydpt

absorbing a ray .id =Sl r i bly..determ ne_the_hue . of the dark
i nk, which i g%)s/l?bés%t gﬁ%{gigh%ﬁlsden%l (:Itael%avr\ilﬁt hgatheé aﬁlé:(?triéﬁt?’s??go‘:\llﬁajﬁfzelcg th

regi on of onepaskeaceheradrik ink,Sehesk ash %Ubregei:k?rcpédﬁ@idﬁ ¥ e Bas!

color inks; (B) a nmean value of |ight absorptivity that is greater than or
subst anti al | @oitdenfi tad piivira 1d triyeaf wad e cofloki ks sahs doptsi vf thheoBathe

sel ected basic_color ink in the characteristic wavelength region of the
dark ink; and™0 (C) a nean value of light absorptivity that is greater

t han a mean val ue gt Ihgggtaq§ sel ect asic lor .ink in

rptivity of th d Cc
a wavel ength regi o "ot *visib erl%‘tlpogllﬁ;/elre%%eaﬁcotr nc@h"é:f&%f:g‘ﬁilg‘t% twﬁﬁyﬁtl@ngt h
regi on of thendagkriiar Hs AoRbENi: SRALLN 18 Eatﬁfﬁ@igﬁ“ﬁ?aﬂ“t%%s%\llﬁkm 9,

15 wherein the dark ink has the characteristic wavel ength region, ichis
nmost |y incl uded bhasic waterengt helegteda caft 40@hamiera b06; smbaiut aossel | er

| i ght absorptivity in the vicinity of 700 nmthan a nean |ight
absor pti ¥t yirksa wavel ength region of 600 nmto 700 nm

6. Aprint contreller in accordance with claim 2, wherein
the dark ink has a main wavelength region for most strongly
absorbing a ray in a visible rangse, which is substantially
identical with that of one basic color ink selected out of the

15 plurality of basic color inks, and a greater integral of light
absorptivity in a wavelength region of the visible range than
that of the selected basic color ink.

7. Aprint controller in accordance with claim 6, wherein
the dark ink has the main wavelength region, which is mostly

20 included in awavelength region of 400 nm to 500 nm, and a smaller
light absorptivity in the vicinity of 700 nm than a mean light
absorptivity in a wavelength region of 600 nm to 700 nm.

8. A print controller in accordance with ¢laim 6, wherein
the dark ink has the main wavelength region, which is mostly

25  includedin awavelength region of'éoo nmto 500 nm, and a greater
light absorptivity in the vicinity'of 700 nm than a mean light
absorptivity in a wavelength region of 600 nm to 700 nm.

‘9. Aprint controller in accordance with claim 2, wherein

the dark ink has:
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20 11. A print controller in accordance with claim?9, mherein t he dark ink
has the characteristic wavel ength region, which is nostl s%§ ?

wavel ength region of 400 nmto 500 nm and a greater |ight absorp |V|ty in
the vicinity of 700 nmthan a nean |ight absorptivity in a wavel ength
region 25 of 600 nmto 700 nm 12. A print controller in accordance with
claim2, wherein the dark ink has a hue in a specific hue range interposed

between a red hue zane Anghar-9E LM ML Z0B0 08n 8 MUPSSEE bn NG, Gl nd a
lower |ightness than that of a basic color ?nkn§16 23§Sa%tenger€?§§§%fi of

the pluralityeiafodidsicacohprin pkeisiicrahge tohuenily debersprei fhie Hhke
range. 13. A print controller in accordance with claim 12, wherein the
dark ink haSQ§lﬁkﬁlﬁa¥hel§§emWh%9nnk§r%ﬁﬁﬁ¢%¢ﬁ&al¥y|¥@@¥E&%a%.yéthow hue

zone and extends t S%undar n the, §ello hue one and % reen

bet
hue zone on fﬁ?lﬁu 5?1 e %X%e eng 4TCEIBR (T cOREr ﬁ%&clqp H&nce

Irc

with claim 12e18h8%ei Rultherdatle lp&l&r@q&tg« B'ﬁebhglEheo%@fCﬁaﬂ}l’ﬁ hue range
oun

that 10 includes a yell ow hue zone and extends to a ary between the
yel | ow hue zone andBfjha meah hoelzons adghlieadsosptivihue tioiy glsegraade
smal | er saturation than that of flesh color. 15. A print controller in
accor dance WithRNcIogi mubs tapdedily denddcili W—thag achpeviehobudfdlighg
specific ran hue circle, .and a | ower

LOR tq 1
| i ght ness th%ﬁ’sf’ﬁé’ttlgﬂ'tg 088 cg 8 o?eiﬁ%%it %?Sﬂt%e SHlGal iR of-Phashe
color inks, whiGhchas:8ue hela SACELLl G 8808 c 185 AL NapoNtrol | er

in accordance wth c a|n115 |n t dar has I on of

smal l er than 3.5C ¢0) a mean value of light absorpt1v1ty that is greater

than a mean value of light absorptivity of the selected basic

color ink in a wavelength region of visible light except the
characteristic wavelength region of the dark ink.

10. A print controller in accordance with claim 9,

15 wherein the dark ink has the characteristic ivavelength region,
which is mostly included in a wavelength region of 400 nm to
500 nm, and a smallexr light absorptivity in the vicinity of
700 nm than a mean light absorptivity in a wavelength region
of 600 nm to 700 nm.

20 11. A print controller in accordance with claim 9,
wherein the dark ink has the characteristic wavelength region,
which is mostly included in a wavelength region of 400 nm to
500 nm, and a greater light absorptivity in the vicinity of
700 nm than a mean light absorptivity in a wavelength region

25 of 600 nm to 700 nm.

12. A print controller in accordance with claim 2,
wherein the dark ink has ahue in a specific hue range interposed
between a red hue zone and a green hue zone on a Munsellrhue

circle, and a lower lightness than that of a basic color ink
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20 a Munsel | chrorra.v\,hen the hue of the dark ink is in a range of 2.5YRto

7.5YR on the Munsell hue circle. 17. A print controller i wth
claim15, wherein the hue of the dark ink is in a range %%@%S%Qe?gﬁﬁ Y

on the Munsell hue circle. 25 18. A print controller in accordance with
claim15, wherein the dark ink has the hue in a range of 10Y to 1OR on
the Munsell hue circle and a saturation of smaller than 3.5C on a Minsell
chroma. 19. MApkidk Eynbdeiredd tiyn odckds tancelaw tinks ,aiwvinizh kg 23hSeptenber
2003 wherein said printer creates dots with the plurality of basic color

i nks and t he d% ISRHRITHS Mt 1ITHY ot s with at | east one light ink, the at
| east one light in avy u iall identical .wth_that of at

| east one basic colkloérq' i%lﬂggg?gctsggggé%%%o?bt SCBFgFEF?t Vl 524G cof or

i nks but a | mefreciﬁns’lﬂieyaa&:haﬂnkh@ésGﬂfhh@ei@ttﬂee%%c@&@.cbﬁﬁéC:r&r%é)rtrﬁlé(1
said dot on-off condition specification unit specifies the dot ©n-o0

condi ti on§ wittekwirs ¢ velthy plaradis yanf exaends tol arbiumkdadphdiedgdar k
ink, as well as dot _on-off conditions 10 with regard to the at | east one
light ink, anfd*sdedC8niHE Z9Rt FthitienIBaepRttamoReognptibe Mumsall hue

speci fication,of the dot on-off conditions with regard to the plurality of
basi c col or inlks, t'he dark ink, and the at least one light ink. 15 20. A

print controller insaceorgiange dbidred Al 2, a%&@éﬁcé%ﬁ%ﬁr%ﬁgﬁﬁl GLeat es

at |east two variable-size dots having different sizes w eplurdlity
of different viekeinsahe datkamloffascansision tspesbbieat bomudiMdn fPesif es
the dot on-off conditions with regard to the plurality of
includes a yellow hue zone and extends to a boundary between
the yellow hue zone and the red hue zone on the Munsell hue
circle, and a smaller saturation than that of flesh color.

15. A print controller in accordance with claim 2,
wherein the dark ink has a hue included in a specific range

15 of 10R to 10GY on a Munsell hue.circle, and a lower lightness
than that of a basic color ink ocut of the plurality ¢f basic
color inks, which has a hue in the specific range.

16. A print controller in accordance with claim 15,
wherein the dark ink has a saturation of smaller than 3.5C on

20 a Munsell chroma when the hue of the dark ink is in a range
of 2.5YR to 7.5YR on the Munsell hue circle.

17. A print controller in accordance with claim 15,
wherein the hue of the dark ink is in a range of 10YR to 10GY
on the Munsell hue circle.

25 18. A print controller in accordance with claim 15,
wherein the dark ink has the hue in a range of 10Y to 10R on
the Munsell hue circle and a saturation of smaller than 3.5C

on a Munsell chroma.

19. A print controller in accordance with claim 2,
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20 different inks and sizes of respective dots to be created by said

printer, and said control infornmation output unit outputszj nﬁmrQOO

specification of the dot on-off conditions and the sizes of é

regard to the plurality of different inks. 25 21. A print controller in

accordance wth claim?2, wherein said printer creates dots with the

plurality of basic color inks including at |least yellowink, as well as

dots with dawkeyelihoseldlpitimeterthaseateasi @oravelienghl Heg-oniof J4 ghkic

absorption substantially identical with that of the yellowink 118 23

Sept ember 2008°bRf ¥ eErd theghthesikhas vhal af ddte yékhow ildgstsand dot
dot. on-off conditions_wth

ff d f
Cogard Lot netoRnF Bty EBF it etk optbrEenk ST RS adrwe SOPFRRERRL THnd
sai d control @éﬂ%ﬂ@&i0919Htﬁﬂgt‘U¥ %tOEEQEESo£QQD :ganﬂxﬁaahgnsg oLhg qdot

on- of f condltlons wth regard to the plurality ot si ¢ color 1 nks ang t he

dark yelldw iokt @2.tHe priudaldayt @ besikncaresr dans e teh 16karmidnsit
wherein the plurality of basic color inks include at |east cyan 10 in
magent a ink, En@nyehabwof nkhetat Heaktiome heashy eolue idkat is cl osest to

the hue of the yellow ink annng t he czan i nk, the magenta ink, and the
yel | ow i nk, speC|f|%%&¢6H”anf LHEPROAEHPR %Rﬁﬁﬂﬁ%QﬂE%qﬂﬂ¥F¢€§B?ﬁlf&§Sto

e aran, o B A RELL P e A L e SRL B AR
i mage to be péd;mﬁdumas ame@hgaaarmmﬁr%@ 78d; tas HARLB2B 72 é@ﬂ&f«tioﬁye
circle. 23. Aprint controller in accordance with claim 2,

10 with regard to the at least one light ink, and

said control information output wunit outputs the
speclfication of the dot on-off conditions with regard to the
plurality of basic color inks, the dark ink, and the at least
one light ink.

15 20. 2 print controller in accordance with claim 2,
wherein said printer creates at least two variable-size dots
having different sizes with the plurality of different inks,

said dot on-off condition specification unit specifies
the dot on-off conditions with regard to the plurality of

20 different inks and sizes of respective dots to be created by
sald printer, and

said control information output unit outputs the
specification of the dot on-off conditions and the sizes of
dots with regard to the plurality of different inks.

257 2. A print controller in accordance with claim 2,
wherein said printer creates dois with the plurality of basic
color inks including at least yellow ink, as well as dots with

dark yellow ink that has a main wavelength region of light .

absorption substantially identical with that of the yellow ink

118



20 wherein the plurality of basic color inks include at |east cyan ihk,

magenta i nk, and yellow ink, the dark ink having a hue t i | 0 to
the hue of the yellow ink anong the cyan ink, the nagen?%t$é|?%ngb§ﬁgﬁﬁ1e
yellow ink, 25 specification of the dot on-off conditions with regard to
the dark ink being carried out to enable dots with the dark ink to be
created prior to creation of dots with either one of the cyan ink and the

magenta i nk when andwage ishheeds imad thas Juaesevafating fingm yel low to

bl ack. 119 23 Septenber 2003 24. A print controller in accordance with
claim2, wherein tdeddldgitapnt 9L6f chaditiwolsprdifisaticohudeititspeakticyan

i nk, magenta ink, and yellow.ink, the dark ink having a hue that is cl osest

to the hue of9°%s FHEYel W4 e ot AE98FENn TPkt REURBLERT °F MasHAd
the vyellow 'cpc!ﬁ%orfmﬂﬂ% la%frtrH %Hﬂ?%fl%@i at a%fd t he yel |l ow i nk,
0 he "dot 0 [

specification n-off condi‘tions w régard to the dark ink
bei ng carpied out twaienabbateels whibrhbeisar louddile t @nhe CEeabeHs Priy to
creation of dots with either one 10 of the cyan ink and the nmagenta i nk
when an i nagesparbE qalintedf has deesnvarlfyi ngnditbonsotioth abghh€ eotites one
of the cyan ink and the magenta ink to_black. 25. A print controller in
accor dance WRHTALETH 2T BRAFRQIGP ke I9ksr a0k Fhef dBasi ¥eddpPyr inkks i ncl ude

! enst eyen o fGEILy Uit reion hains, darly A gg, 2
magenta i nk, yana-diherny iha i1 o2tha d QWesr l5inght eSS bR 18aLt iy dhe
yel l ow i nk, specification of the dot on-off conditions wth regard
10 4ink, magenta ink, and yellow ink,
the dark ink having a2 hue that is closest to the hue of
the yvellow ink among the cyan ink,. the magenta ink, and the
vellow ink,
specification of the dot on-off conditions with regard
15 to the dark ink being carried out to enable dots with the dark
ink to be created together with dots of at least one of the
basic color inks when an image to be printed has hues varying
from red to green on a Munsell hue circle.
23. A print controller in accordance with claim 2,
20 wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yéllow ink,
the dark ink having a hue that is closest to the hue of
the yvellow ink among the cyan ink, the magenta ink, and the
vellow ink,
25 specification of the dot on-off condition-s with regard
to the dark ink being carried out to enable dots with the dark
ink to be created prior to creation of dots with either one

of the cyan ink and the magenta ink when an image to be printed

has hues varying from yellow to black.
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20 to the dark ink being carried out to enable dots vvith the dark ink to
be created after creation of dots with the yellow ink Rnidep &Bto be
printed has hues varying f romcolor of either one of the f;S@an |n and the
magenta ink to black. 26. A print controller in accordance with claim 19,
25 wherein the plurality of basic color inks include at |east cyan ink,
magenta i nk, and yellow ink, the dark ink having a hue that is closest to
the hue of the yeldowipkiatorpriteldean imkacehedamgentid thnkglaimd €he

yel l ow i nk, 120 23 Sept enber_ 2003 sgem fication of the dot on-off

condi tions witdrebyibe PIerakEtYATkPRRHKC FOLRG TR 180G 1oGE #b 16AsH Yot s
with the dark _ink to be created aft r ion of dots with the light ink
when an |rragJen]fo s 1f‘ff‘ltjerg{‘na % sfj\"/a"‘(r;yfrﬁgg’ fromyellowto 5 black. 27. A
print controller '{h@%%%cdﬁﬂﬁeh%iﬂgcé aiyB 28atr YOS BbSedhed i@t nitBKok s
l'ight cyan ink having a hue substantially identical with that of the cyan
ink but & | oves yeEnshtink tmbztgta:tha)fcytalm imfanthekmagén28. ifkprand the

controller in accordance with claim26, wherein the light ink_is |ight
magent a i nk halleng imkhuandsybstweit ﬂaghtneaenth%rﬂwt ‘Hfﬂﬁ%ﬁ Y61 1PHel MRgent a
ink but a | ower den5|t than th h

controller in accof %TIJHDQ:I i EE‘%& E elorltl%tlﬁl%zlar@l?{ﬁkgéu%

hue that is %é#glﬁa&% t,]l}gow g aﬁli%dyeﬁt% LAkpaaDAgL § Re 13y 2Rel @Asrkthe

magent a i nk, specification of the dot on-off
condi tions wih 6§08 d:ret&etchq:zdlaﬂ finlerkeitigncaEr edsowt thoe Ehabt eogiet s

wi th the dark
10 of the cyan ink and the magenta ink when an image to be printed
has hues varying from color of the either one of the cyan ink
and the magenta ink to black.
25. A print controller in accordance with claim 2,
wherein the plurality of basic color inks include at least cyan
15 ink, magenta ink, and yellow ink,
the dark ink having a hue that is closest to the hue of
the yellow ink among the cyan ink, the magenta ink, and the
vellow ink, and a lower lightness than that of the yellow ink,
specification of the dot on-off conditions with regard
20 to the dark ink being carried out te enable dots with the dark -
ink to be created after creation of dots with the yellow ink
when an image to be printed has hues varying £rom color of either
one of the cyan ink and the magenta ink to black.
26. A print controller in accordance with ¢laim 19,
25 wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yellow ink,
the dark ink having a hue that is closest to the hue of

the yellow ink among the cyan ink, the magenta ink, and the

vellow ink,
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20 ink to be created after creation of both dots with light cyan ink, which
has a hue substantially identical with that of the cyanasi wer
density than that of the cyan ink, and dots with |ight %%ggﬁt?g{bfﬁid@mm ch
has a hue substantially identical with that of the magenta ink but a | ower
density than 25 that of the magenta ink, when an inmage to be printed has
hues varying fromyellow to black. 30. A print controller that supplies
control informaticspesbfiicpeion L Wik Ertcrezedl wmdl tdians gifhurabprd of

different 1inks, in order_to control the creation Qf dots wth the_ 121 23
Sopt omber 2068 LR B SaT 1] G e oG e ok S ot e aeeE oith

tember 2088 i . R i i 6e
T i A i i e N A

i nk, and w'in yell ow i nk, t w5

i nk havi ng a,RBhNaMevel80td Begemedd lHghthuakseupliias subst eatialkl Yo
identical wwth that of the yellowink but a lower [|ightness than that of
the yel | &dv ibkackaid print controller conprising: a dot on-off condition
specification unit that specifies 1Q_dot on-off conditions with regard to

the plurality of b&&ich BERBF GRS T&id SEhdAICYATER iR bakatm of®t nput.
ece, oL TRSF LS aREh IRk AU b i Moo L e

specificati n-= conditionswth-regard t

of basic col gipbpkstanth { heades kcaeh 0w bRkt ter SRledeyBhi MiIEHEAS at heweent r ol
information. 31. A printing apparatus that has a print head to create dots

with a pluratetyioy théfeteat ohktShencwamprimiti ng medium receives control
information to control the creation of dots
10 28. A print controller in accordance with claim 26,
wherein the light ink is light magenta ink having a hue
substantially identical with that of the magenta ink but a lower
density than that of the maganta ink.
29. A print coniroller in accordance with claim 26,
15 wherein the dark ink having a hue that is closest to the hue
of the vellow ink among the cyan ink, the magenta ink, and the
vellow ink,
specification of the dot on-off conditions with regard
to the dark ink being carried out to enable dots with the dark
20 ink to be created.after creation of both dots with light cyan
ink, which has a hue substantially identical with that of the
cyan ink but a lower density than that of the cyan ink, and
dots with light magenta ink, which has a hue substantially
identical with that of the maganta ink but a lower density than
25 that of the magenta ink, when an image to be printed has hues
varying from yellow to black.
30. A print controller that supplies control information

to a printer, which creates dots with a plurality of different

inks, in order to control the creation of dots with the
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20 with the plurality of different inks, and actually creates dots with
the plurality of different inks, based on the input contnglgepfeiher 2GBI ON,
so as to print an-inmage, said printing apparatus conprising: a basic color
ink supply unit that supplies a plurality 25 of basic color inks to said
print head, the plurality of basic color inks being conbined with one
another to express achromatic color; a dark ink supply unit that supplies
a dark ink ;§1§§égitpr¢@tdi&fﬁkeﬁﬁﬁimksk‘ink havi ng a mai n wavel ength
region of 1 23 Septenber 2003 |ight absorption substantially identical
with that of one besit peoiteT | PReTEIREIIEDHLGE & RIPFHHRIT 19T oP2B3S ¢

color inks but a 'lower _l.ightness_.than._.that of el kC or
ink; 5 a confPdPT T nity ?ﬂﬁg?dﬁﬁ? IER&E F%%%F@%@'ffé?g%ggﬁ?%o' &3

i nformation w re d t4S ~Qf & it ¥wlindbashe gak-ur yenkswand
t he dark ink?e%ﬂﬁwagg%ti%%Fﬁgfigﬁ ﬁ%?? ?%gfa%%ives said print head based

on the input,gENtelingfHr MaEhowa &l agytho cegaire dot stightth abeorhgion
plurality of basic color inks and the dark ink. 32. A printing apparatus in
accor dance wsthsthatia3Bly idehdrisial vheh fhatapf ttheofebhay diéoPBE & ER%’er
include at |east cyan |nk, magenta ink d yel.low ink. 33. A printing
appar at us inléﬁéﬁﬁﬁﬁﬁthQPtﬁhiga? e YﬁgﬂﬁﬁéFETh the plurality of basic

color inks include_at_.least. c ' @442k, yellow ink, and bl ack
i nk and the dark iﬁ?l?sp%%éﬁ %%?F%%P#ﬁ% aV|ﬁgléﬁﬁain wavel ength region of
| i ght absorption sybgiagtic+ yondertbaadpad it ddtdion ahitthatekbeniEnksbut a

| oner |ightness than that of the yell ow )
10 dot on-off conditions with regazrd to the plurality of basic
color inks and.fhe dark vellow ink, based on input image data;
and

a control information output unit that outputs the
specification of the dot on-off conditions with regard to the

15 plurality of basic color inks and the dark yvellow ink to said
printer as the control information.

31. A printing apparatus that has a print head to create
dots with a plurality of different inks on a printing medium,
receives control information to control the creation of dots

20 with the plurality of different inks, and actually creates dots
with the plurality of different inks, based on the input control
information, so as to print an image,

said printing apparatus comprising:

a basic color ink supply unit that supplies a plurality

25 of basic color inks to said print head, the plurality of basic
color inks being combined with one another To eXpress
achromatic color;

a dark ink supply unit that supplies a dark ink to said

print head, the dark ink having a main wavelength region of
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20 ink. 34. A printing apparatus in accordance with claim3l, said

printing apparatus conprising: a light ink supply unit than B4 at
| east one light 1ink to said print head, the at |east one [ avi ng
a 25 hue substantially identical with that of at |east one basic color ink
selected out of the plurality of basic color inks but a |ower density than
that of the at |east one basic.color ink, wherein said control information

i nput Unitdifgﬁté to&@%l@%%ﬁ%%ﬁ%ﬁﬁiﬁmxylagﬂﬁlc@DMMMhtﬁdbbﬁﬁﬁu@haﬂL@h

regard to he"at |least one light ink, as well as with regard to

t he dots ofgséherpinkaselyctod mequ(ﬂﬁ&mphqﬂéiléﬁdthéaééPkCP%Rr ARBSsai d
dot formation unit creates dots with the at

i one I $ as wel |
as the plurattty beveasltIRERSTS | MK dith* tc'r‘ret rfe Ak, ga AT i nput
control information. 35. A printing apparatus in accordance mnth claim 31,
wher ein salan%rlnt head enabl es at | east two variabl e-size dots having

different sizes t% %%n"‘c!}:%it oth £ HSaich Combiel uhAtormiy aredetputs unhe
recei ves pieces o i nformation regardi ng dot on-off conditions and sizes

of dots to.bgriennedsbymasidnprith tegakdiich dodgacd tthet RAUPRLEEYi Y  of
different inks as the control information, and said dot formation unit
creates thebaslbeagﬂormﬂnk§5avﬁrFaﬁl@aEFz%n%ot%nﬂﬁth the plurality of

different inks, based. SNLfe LORMCONLEOk] PLOMIRIA O4niOnehaPbbaLaNg

apparatus in accof ddt said printing apparatus having an

| nk reserv0|r EH t 4 nbBeWBbE§Brot Nen Ph MR 1 Y, CHolaﬁﬂﬂb eledrtel Assandthhe
dark ink ar@ ?

10 the plurality of basic color inks and the dark ink.

32. A printing apparatus in accordance with claim 31,
wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yellow ink.

33. A printing apparatus in accordance with claim 31,

15 wherein the plurality of basic color inks include at least cyan
ink, magenta ink, yellow ink, and black ink and

the dark ink is dark yellow ink having & main wavelength
region of light absorption substantially identical with that
of the yellow ink but a lower lightness than that of the yellow

20 ink.

34. A printing apparatué in accordance with claim 31.,
said printing apparatus comprising:

a light ink supply unit that supplies at least one light
ink to said print head, the at least one light ink having a

25 hue substantially identical with that of at least one basic
color ink selected out of the plurality of basic color inks
but a lower density than that of the at least one basic color
ink,

wherein said control information input unit receives the
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20 i ndependently. 37. A printing apparatus in accordance with claim 36,
wherein said ink reservoir unit keeps a greater quantity;9Renitiigedol | nk
than a quantity of the one basic color ink corresponding to the. dark ink.
25 38. A printing apparatus that has a print head to create dots with a
plurality of different inks on a printing nedium receives control
information to control the creation of dots wth the plurality of

di fferent inkgy,:aRd asteahkyieheaten Hoysrdwid hidhe qf wrad idty lefasdi foher ent
i nks, based on the input control 124 23 Septenber 2003 information; so as
to print an gege, inkaiak preilit aagvappaesend tomivd diong: of s ipd vEeléityi nk
supply unit that supplies a pluralit of basic color inks to said print
head, the pl @fabasycofoBgsi dnks %ﬁo%hfanﬁ@r]icnﬂﬂﬁdi #9%at 1east cyan ink,

magenta ink, and yel I%§:N O%n}%)fl%%gf% ‘%ﬁg %ﬁ’%b‘ﬂégf?%gﬁf Ltedhaty supRki es

dark yellow ink t8§%8&i°print nhea yel F'ow i nk having a main
wavel ength region; gf+|{ghta2ReaN PLE amesyhstan tpldy vedeat ceabr Lihwd thdt hat
of the yellow ink inks but a | ower lightness than that of the yellow ink;
a control i nfr@emaEren inkpubaseidt onhaher dopitvesonheolchnfeohathénr mati on
with regard to dots of the plurality of basic color inks and the dark

yel low i nk; and 153&-d3t PFéRAARBOAPDATETEh D RG] YWrith CRddd “ased
on the input control ipformation, . so t.o.create .dot i t I lity
of basic col FREERS St e a?%a?zgpligjvelsrﬁg i%@?gk ﬁr?aﬁ |%€l%p%§%§td§;tgi n
accor dance WL clal M3 rentalsd 0l bl BY @ppaEakys having an ink reservoir

10 said control information input unit receives pieces of

information regarding dot on-off conditions and sizes of dots
to be formed by sald print head with regard to the plurality
of different inks as the control information, and

said dot -formation unit creates the at least two

15 variable-size dots with the plurality of different inks, based
on the input control information.

36. A printing apparatus in accordance with c¢laim 31,
said printing apparatus having an ink reservoir unit, in which
the plurality of basic color inks and the dark ink are kept

20 independently.

37. A printing apparatus in accordance with claim 36,
wherein said ink reservoir unit keeps a greater guantity of
the dark ink than a gquantity of the one basic coloxr ink
corresponding to the dark ink’.

25 38. A printing apparatus that has a print head to create
dots with a plurality of different inks on a printing medium,
receives control information to contrel the creation of dots
with the plurality of different inks, and actually creates dots

with the plurality of different inks, basedon the input control
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20 at least the cyan ink, the magenta ink, the yellow ink, and the dark
yellow ink are kept independently, said ink reservoir unpiskqeRh&®083
greater quantity of the dark yellow ink than a quantity of the yellow ink.
40. A nethod of creating dots with a plurality of 25 different inks, so as
to print an image on-a printing nedium said nethod conprising the steps
of : specifying dot on-off conditions with regard to a plurality of basic

col or i nks a&%@r@aﬁohoksga,ﬁ%dtgn irARYt ani MRggedata, the plurality of
basi ¢ col or i'nks being conbi ned 12? 23 Septenber 2003 with one another to
express achromati csgofioprihhéndaskpenktubavomprasimgn wavel engt h regi on of
| i ght absorption substantially identical with that of one basic caqlor ink
sel ected out of the PAsikalqalpoinkasiePEh WL fketharPRLEERE? 3 UTeditiess
than that of the selected hasic, _color

plurality of BaBRELESHTCT k& Sahd S?Jhdebggpﬁal?r‘]egic}’cgcglgtelaﬂgﬁ ?%gylé)%ega%?q?ati on
of the dog on qff. ir?!@i‘ it QRS W 4B 118037 &rd:0 1hite Rh4ERtA hkOf aR@Sled 1684 OF
inks and"the dark 1nk, so as to print an imge. 10 41. A nethod of
suppl yi ng coniyral information to a printer, which creates dots with a
plurality of different inks on a printing nedium in order to control the
creation of dots widarkhgeiglan dnkt yuppblulidiiey &hati ARBOAAAStHRTREPLLIOW
Compr | si ng t HEYUEpS B REyH s pRRATyi PP dOETbrr o LoRoRBIt PERE M i Fddar
(0,2 Phural Yl RER £aBRLALA Tk et it s bisety o0y Mdncicane |
express aghr Qe ¢nael 8%, thBeydalkwi Dkx inks but a lower lightness than
that of the yellow ink;

a control information input unit that receives the
control information with regard to doits of the plurality of
basic color inks and the dark yellow ink; and

15 a dot formation unit that drives said print head based
on the input control information, so as to create dots with
the plurality of basic color inks and the dark yvellow ink.

35. A printing‘apparatus in accordance with claim 38,
said printing apparatus having an ink reservoir unit, in which

20 at least the cyan ink, the magenta ink, the vellow ink, and
the dark yellow ink are'kept independently,

said ink reservoir unit keeping a greater guantity of
the dark vellow ink than a quaﬁtity of the yellow ink.

40. A method of creating dots with a plurality of

25 different inks, so as to print an image on a printing medium,
said method comprising the steps of:

specifying dot on-off conditions with regard to a

plurality of basic color inks and a dark ink based on input

image data, the plurality of basic color inks being combined
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20 having a main wavel ength region of light absorption substantially
identical with that of one basic color ink selected out I lity
of basic color inks but a |lower |ightness than that of gﬁéeégﬁgg?%ﬁgbasic
color ink; and (b) outputting the specification of the dot on-off
conditions wwth regard to the plurality of basic color inks and the dark
ink to said printer as the-control infornmation, so as to control the
printing operaitionomé saotheri hoeexpagss Aachpemhdtic ncateor darre edaw i hitkai m

41, said method further conprising the step of: 126 23 Septenber_ 2003 (c)
storing in adVﬁﬁb@Qna%pi%@énofWFVﬁggnﬁg%d ?%9%%%re ‘§1§%Tora RGO

combi nati ons ofpLPe PLULAL! t4c0t:Ras! Gugal ahad e and thedardordk 1o

represent the°t ) [ Sal speci ot on-o

condi tions 553\%&91:(%@%{@ Je0 thep pha Bl 4 Yo 0bhaBASI oL AnkNkutandl dher dar k
i nk, based on the mappings stored in advance. 43. A nethaod of supplying

control i orveghonesd ehaprtimderof whhe hsekssied i widlena igkur &0t y of
different inks on a printing nedium in order to control the creation_o

f

dots 10 with the pleredting §otd FiERdie PARE2AARY (HePaByCEMIO-PFRGERS
inti ] f sajd pri id h i si he st :

0 "spoci yi ngrtotens. SRF cBRRPE: Bhs TPt REFEUa o rah O thd Mol S0l

(a) specifyin regar lurality o

color inks and d %%igﬁél@%ﬁﬁn¥e$§§§du9ﬂjkﬁEHhrai&tb”Bergéi@,cbb@rpiﬂkg|ity

of basic color inks including at |east cyan ink, magenta ink, and yell ow

ink, the darkazyel+ew &akk baxi ngoaasmte pevet engtinaggi on of i ght
absorption substantially identical with that of the_yellow ink but a |ower
| i ght nessl@ han t hat4bf Bheejidddowwd nRupakying control’ information to a

printer, which creates dots with a plurality of different inks
on a printing medium, in order to control the creation of dots
with the plurality of different inks and thereby controlling
- a printing operation of said printer,
15 said method comprising the steps of:

(a) specifying dot on-off conditions with regard to a
plurality of basic color inks and a dark ink based on input
image data, the plurality of basic color inks being combined
with one another to express achromatic color, the dark ink

20 having a main wavelength region of 1light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than thé.t of the selected basic color ink; and

(b) outputting the specification of the dot on-off

95 conditions with regard to the plurality of basic color inks
and the dark ink to said printer as the control information,
so as to control the printing operation of said printer.

42. A method in accordance with claim 41, said method

further comprising the step of:
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20 (b) outputting the specification of the dot on-off conditions with
regard to the plurality of basic color inks and the dar I to
said printer as the control information, so as to contri(()zlg’y%%hlee%\grg%n |3ng
operation of said printer. 25 44. A nethod of receiving control
information to control creation of dots with a plurality of different inks
and driving a print head, which creates dots with the plurality of

different inks on &pPFERELRY IRAPYATCHIRRPIAIT RE EHRETF ASEEOISHRTDH  so

as to print an | e. 127 t. r..20 i rising. the
step's of: (aa) cé)g[%pl W% eaggplcu%ralﬁﬁﬁgpébggi%%lﬁﬁqﬁ%ggggb%g %giOfcfrnk
to-said printjigadnd hendladad itk afo Bapireseakokninksnhei ng combined with
one another to express achromatic color, the dark 5 ink having a nain

wavel engt h regi on oefmddeght sabdaritpbi (N ssabifaas ithkl Jot darbfcatondithidrirmt of
one basic color ink selected out of the plurality of basic color inks but
a lower Bightiddssegrad tRathoPiielddlVeef o phR i X1 dnKsnRd(H)e rdads vi ng
the control infor tioi vvitr}]re ard to d(%ts 10 ofdthe lurality of basic
col or inks andXh@aff% ThEQAGEPEEPSIFIERS 25 & HFFﬁg'head based on the

i nput control information,ken6heake FYpIyWnlh ddieRdur ahEbym@tibaske Gpl or

i nks and the dark ink, thereby printing an irmage. 45. A nethod of receiving
control i nforgEmiter t ehdohterdatdddoteatitinaohlubod ki vy bif aipferaht tinkaf
different inks and driving a print head, which creates dots with the
plurality of ofi ffeyinting Mmedidim aipreTiehyoneentmyl faveareatine eomats

Informatign. 89 $Rel 01RELT 8" 4 TR 239 TBLNOY, CQIP L) N 118 154SRe o
& printing cperation of said printer, -
said method comprising the steps of:
(a) specifyving dot on-off conditions with regard to a
plurality of basic color inks and dark yellow ink based on input
15 imagedata,thepluralityofbasiccolorinksincludingatleast
cyan ink, magenta ink, and vellow ink, the dark yvellow ink
having a main wavelength region of 1light absorption
substantially identical with that of the yellow ink but a lower
lightness than that of the yellow ink; and
20 (b) outputting the specification of the dot on-off
conditions with regard to the plurality of basic ceolor inks
and the dark yellow ink to said printer as the control
information, so as to control the printing operxation of said
printer.
25 44, A method of receiving control information to control
creation of dots with a plurality of different inks and driving
a print head, which creates dots with the plurality of different
inks on a printing medium, based on the gontrol information,

so as to print an image,
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20 (a) supplying a plurality of basic color inks and dark yellowink to
said print head, the plurality of basic color inks incluydi £SR3t cyan
i nk, magenta ink, and yellow ink, the dark yellow ink hgs/isﬁgtegl%ﬁlgl n

wavel ength region of light absorption substantially identical with that of
the yellow ink 25 but a |lower lightness than that of the yellow ink; (b)
receiving the control information with regard to dots of the plurality of
basi ¢ col or inks saifldthetdedkcgebrbwirekineanttqRs @i ving said print head
based on the input control 128 23. Septenber. 2003 i nf.ormati on Cl. e dots
with the pluralit{abfSURREEREF BFUF kS RAE %ﬁ%l‘aa‘%%%ﬁ“%‘% i"'“tr’l & fi%g%eby
printing an. inege. .46 i ge PRI N0 W £y B c8B8E friks BeegEamM 5
is recordedlph %Oq 3%%&5@# Z%gg‘g'l e ?rargr?ner, lslg??j speci ficc pr ogram

actual i zi ng.a,pehhad; ofn shealridth«iots asigresa aghtomd ity coflodi, ffler darki nks,
so as to print an inmage on a printing nmedium said specific_program
causi ng ® CeRRuUtetvimy ast aiadnt heavdledgiet Feasonf oS petdhyi A§SAEP TERMof

conditions with regard to a plurality of basic_calor .inks_ and d i nk
based on i npubstppagelaxt d—,det%cﬁlur‘ﬁ%?r{ yt%?‘?baéi Ol B TRKE BT ng%

conbi ned with_on not her- t.q e .ach l @k 4 dan kylspk
havi ng a maisﬁl\?ﬁ%g eﬂ‘é?ho’{f gg}eoﬁagﬁgﬁllgﬁtégt%érf& i%%%%gu%gl?gn%?tal |y identical
wi th that Oﬁ_%g,%{%nggéi ¢hatok@hti Bk $abesbedoosl Whsibecploralnky of basic

a

col or inks ower lightness than that of the sel ected basic col or
(b)receivingthecontrolinformationwithregandtodots
10 of the plurality of basic color inks and the dark ink; and
(c} driving said print head based on the input control
information to create dots with the plurality of basic color
inks and the dark ink, the;eby printing an image.
45. A method of receiving control information to control

15 creation of dots with a plurality of different inks and driving
aprinthead,whichcreatesdotswiththepluralityofdifferent
inks on a printing medium, based on the control information,
so as to print an image,

said method comprising the steps of:

20 (a} supplying a plurality of basic color inks and dark
yellow ink to said print head, the plurality pf basic color
inks including at least cyan ink, magenta ink, and vellow ink,
the dark yvellow ink having a main wavelength region of light
absorption substantially identical with that of the yellow ink

25 but a lower lighfness than that of the yellow ink;

(b} receiving the- control information with regard to dots
of the plurality of basic color inks and the dark vellow ink;
and

(c) driving said print head based on the input control
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i nk; and 20 controlling creation of dots with the plurality of basic color
i nks and the dark ink, based on the 129 23 Septenber 200 N jon of
the dot on-off conditions with regard to the plurality g?%%gg?%h€%¥gr i nks
and the dark ink. 47. A recording nedium in which a specific program is
recorded in a conputer readable manner, said specific 5 program
actualizing a nethod of supplying control information to a printer, which
creates dots with a plurality of different inks on a printing nmedium in
order to control the creation of dots with the plurality of different
inks and thereby controlling a printing operation 10 of said printer, said
speci fic progrfammeaisingtea corgriter dpssatwhlin the plucaldry off dpsdcfying
dot on-off conditions with regard to a plurality of basic color inks and a
dark ink baseflcmn inpst anth timmgdadit ajeltlver pinkal ithersbybasrintiobler annks
bei ng conbined with one another to express achromatic color, the dark ink
having a naijmapavel ength region of light absorption substantially
identical withthat of one basic color ink selected out of the plurality

of basic color inks 2 Srd NP nddobf ness thaent hat sgbcl bec s gl-eet-ad
basi c col or ink!l%andgl%gc% Slep e%er 2003 out putti ngsghg sp%c%i g;:tgi on of

(he ot £ ERRFhL 008 ! BokBgeLs LEIBE Wialidy, obaleSipaEalds | i
program actualizing a method of creating dots with a
plurality of different inks, so as to print an image on a
printing medium,

sald specific program‘causing a computer to attain the
10  functions of:
specifying dot on-off conditions with zregard to a
plurality of basic color inks and a dark ink based on input
image data, the plurality of basic color inks being
combined with one another to express achromatic color, the
15 dark ink having a main wavelength region of 1light
absorption substantially identical with that of one basic
color ink selected out of the plurality of basic color inks
but a2 lower lightness than that of the selected basic color
ink; and
20 controlling creation of dots with the plurality of

basic color inks and the dark ink, based on the
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information, so as to control the printing operation of 5 said printer.

48. A recording nmediumin accordance with claimA47, mhe5§bgt§%581ﬁﬁgcific
program further causes the conputer to attain the function " storing in
advance mappings of tints used to express a 10 color inmage to conbi nations
of the plurality of basic color 1inks and the dark ink to represent the
tints, and the dot on-off conditions with regard to the plurality of basic
color inks and the dark ink are specified, based on the mappings stored in
advance. 15 49. A recording nmedium in which a specific program is
recorded in a conputer readable manner, said specific program actualizing
a met hod of speplikcariceht®bl thenfetn@t Bk oc%}i%%ﬁ%ﬁ%?,wkghcﬁeaﬁé’gté%o dot s
with a plurality of different inks on a printing nedium in order 20 to
control the theaiwmrldtyass baistile chéopl énkki ayd othe didslerint. i nks and
thereby controlling a printing operation of said printer, 131 23 Septenber
2003 sai d speci fig7 pr ogr astepdibhagmadtonputier wo Gt tai speké £itunmtagres of :
speci fying dot on-off conditions with regard to a plurality of basic color

inks and darks yeklbewakak iipsgd @fpubekNpidaddmge datider | heaplursdddf iof
basi c color inks including at |east cyan ink, magenta ink, and yellow ink,
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than that Ofiégg%ﬁglféﬁN f%)iéﬂcpfyh er, which creates dots with a
plurality of different inks on a printing medium, in oxder
to control the creation of dots with the plurality of
different inks and thereby controlling a printing operation
10 of said printer,
said specific program causing‘a computer to attain the
functions of:
specifying dot on-off conditions with regard to a
plurality of basic color inks and a dark ink based on input
15 image data, the plurality of basic color inks being
combined with one another to express achromatic'color, the
dark ink having a main wavelength region of 1light
absorption substantially identical with that of one basic
color ink selected out of the plurality of basic color inks

20 but a lower lightness than that of the selected basic color

ink; and
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outputting the specification of the dot on-off <conditions with regard to
the plurality of basic color inks and the dark yellow ik skpiesdbehgaai nter
as the control information, so as to control the printing operation of
said printer. 50. A recording nmedium in which a specific program is
recorded in a conputer readable manner, said specific program actualizing
a nethod of receiving control information to control -creation of dots with
a plurality of 20 different inks and driving a print head, which creates
dots wth the plurality of different inks on a printing nedium based on
the control information, so as to print _an image, 132 23 Septenber 2003
sai d specific progptamtédas ngtke corpaceEicatb®2ai ALt hetBncEPbns WBF-oLL
receiving the control information to control creation of dots with a
plurality ofcdakitciand arithkegard dcddabe Pliurelithye ofl lesiict ywadforbasiks
color inks being combined wth one another to express achromatic col or,
the dark inksndavihRg adamikn vael ebgt hseegi opxdntddrghtagbsehpt i @ontrol
substantially identical with that of one basic color ink selected out of

the plurality,af basig cokgr ddksobWom A | eMer drigittingssopbaacibat oFf the

sel ected basic color ink; and driving said print head based on the input

control _inf i create dots with the plurality of basic color inks
and the aarﬁ&%ﬁgﬁhﬁﬁg%gby printing an image. 15 51. A recording nedium in
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wherein said specific program further causes the computer
to attain the funétion of:

storing in advance mappings of tints used to express a

10 color image to combinations of the plurality of basic color

inks and the dark ink to represent fhe tints, and

the dot on-off conditions with regard to the plurality
of basic color inks and the dark ink ére specified, based
on the mappings stored in advance.

15 49. A recording medium, in which a specific program
ig recorded in a computer readable manner, said specific
program actualizing a wmethed of supplying control
information to a printer, which creates dots with a
plurality of different inks on a printing medium, in oxder

20 to control the creation of dots with the plurality of

different inks and thereby controlling a printing operation

of said printer,
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information to control creation of dots with a plurality of different inks
and driving a print head, which creates dots 20 with thezPB&%&hb&Muﬁﬁ
different inks on a printing nedium based on the control formation, so
as to print an inmage, 133 23 Septenber 2003 said specific program causing a
conputer to attain the functions of: receiving the control information to
control creation of dots with a plurality of basic color inks and dark 5
yellow ink, the plurality of basic color inks including at |east cyan ink,
magenta ink, and yellow ink, the dark vyellow ink having a nmain wavel ength
regi on of Ilght absorption substantially identical with that of the_yellow
ink but a | ower ﬁag@tﬁ§§§lﬁﬁ§nPFﬁ§Fa@fCﬁH§19§IPoﬁpmﬁHte§n801@t&PFF|ﬁ&esald
print head based on the input control information to create dots with the
plurality offdmgiionscelfor i nks and the dark yellow ink, thereby printing an
I mge. 134
specifying dot on-off conditions with regard to a
plurality of basic color inks and dark yellow ink based on
5 input image data, the plurality of basic color inks
including at least cyan ink, magenta ink, and yellow ink,
the dark vyellow ink having a main wavelength region of
light absorption substantially identical with that of the
yellow ink but a lower lightness than that of the yellow .
10 ink; and
outputting the specification of the dot on-off
conditions with regard to the plurality of basic color inks
and the dark vyellow ink to said printer as the control
information, so as to contrel the printing operation of
15 said printer.
50. A recording medium, in which a specific program
is recorded in a computer readable manner, said specific
program actualizing a method of receiving control
information to control creation of dots with a plurality of
20 different inks and driving a print head, which creates dots

with the plurality of different inks on a printing medium,

based on the control information, so as to print an image,
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gaid specific program causing a computer to attain the
functions of:

recéiVing the control information to _coritrol creation
of dots with a plurality of basic color inks and a dark
ink, the plurality of basic color inks being combined with
one another to express achromatic color, the dark ink
having a main wavelength region of light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a
lower lightness than that of the selected basic color ink;
and

driving said print head based on the input control
information to create dots with the plurality of basic
color inks and the dark ink, thereby printing an image.

51. A recording medium, in which a specific program
is recorded in a computer readable manner, saifi specific
program actualizing a method of receiving control
information to control creation of dots with a plurality of
different inks and driving a print head, which creates dots
with the plurality of different inks on a printing medium,

based on the control information, so as to print an image,
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s_aid specific program causing a computer to attain the
functions of:

receiving the control information to control creation
of dots with a plurality of basic color inks and dark
yvellow ink, the plurality of basic color inks including at
least cyan ink, magenta ink, and yellow ink, the dark
vellow ink having a main wavelength region of light
absorption substantially identical with that of the vellow
ink but a lower lightness than that of the yellow ink; and

driving said print head based on the input control
information to create dots with the plurality of basic
color inks and the dark vyellow ink, thereby printing an

image.
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