;[\]1”~_" abe3ebb((6"T(,* TITLE OF THE | NVENTI ON PRI NTI NG SYSTEM PRI NT
CCNI’RO_LER PRI NTI NG APPARATUS, METHOD OF CONTROLLI NG PRI NTI NG OPERATI ON,
METHOD OF PRI NTI NG | NK CARTRI DGE, | NK SUPPLI ER, AND Z@ m | UM 5
BACKGROUND OF THE | NVENTION Field of the Invention Th ention
relates to a technique of form ng an adequate di stri buti ontsebo«i nk dots of
respective colors on 10 a printing nmedium so as to print an inmage

d i i.d | | . De i pti f the Related Art
P e or nenngRafate ST TR G opi ets o "113°Ca?i ous col or inks.
froma print hgg gn%&%é ?‘i‘r&%ﬂ)ﬁ,%ﬁiﬁ%%ﬁbﬁme (xﬁﬁc-c»?ﬁ‘f e'fﬁ‘%"”? on a

printing medi um ~fodr , cyan :

yel low ( MeirHop2of domeKofLING pnmﬂﬁ@m@m\hﬁtouseﬁEt'Qogr@ﬁtmem@t S and
print an image. The printing apparatus regul ates the hue and the Ilght ness,

whi ch 20 aNE CARTRIDGEPIBECBUPRLIER, CANDIREGORRENG OMPPIHM an i mage
expressed in a wide range of natural colcrs. The hue, that is , the'
Col or'Sor tlnt , such as red or blue , is regulated by changing the

rati o of dots the C n ejected fromthe print head. The
| i ght ness ip‘g We%tﬁE% &?egul ated by changing the density of

dots. Regylahisng h_%er atdH 4 he density of dots created with the
respective color inks on t%e prl nting medi umenables a printed i mage to

have a wide rangeeochrBakHtalnGeheisn SOI®tdLaRNtl Ye dRMELAREIE P bhi NG
apparatus use |ight

an adequate distribution of ink dots of respective colors on

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 exXpresses an
image of natural colors on a printing medium, four color inks,
that is, cyan (C), magenta (M), yellow (¥), and black (K), are
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 colcrs. 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 coloxr
inks on the printing medium enables a printed image to have

a wide range of natural colors.

Some recently developed printing apparatus use light

! ~ R
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cyan ( LC ) ink and light magenta ( LM) ink , ( additionally |ight yell ow
(LY) i.nk in sone cases) in addition to the above four basic color inks , so
as to significantly inprove the picture quality in an area of high

| ightness. In the case where an 5 inage in the area of high |ightness (
that i-s , the highlighted area) is printed with only four color inks, C M
Y, and K, a sparse distribution the C and M dots undesirably nakes these
dots conspi cuous and thereby |owers the picture quality of the printed

i mge. Thyaphéiciennk afdnekgmy magendet € L¥dnspkeubasdidivoandyséhghlie
picture quality is expressed by the term' poor granularity'. It is

di ffi cul wed aveglddudak Ha SQEGe CREESP mahi BASKELRTr E§afhet BPaVEi ReUFart

ith th | y di i buted_d . This.i .th f th
bl ctur o GEANS 54 RERAas art Pilgr #hBHE HaBEY) +NEERTS TRE PoGFUEs or 15
inks, C Ma1%tanth Kin 408 Rfgh Ne1 ik A0Es LM ikené addit{paak! LY i nk

in some occasions ) are , on the Other” hand, not so conspicuous as the dots
of the Ciandid indehs apdatbeneiyh da gmindsewerhiahe igi,ctHeehgynligytels t he

hi ghli ghted area. The LC and LM inks enable the dots to be fornmed at a

hi gher demrsialy i20 givartedheviGanehy i Tker .cahes brksr dCngMy ¥nabhdsk,
reproduction of the inage information with regard to the fine part and

further iPnpPE¥ES EhEtHI-BRELENgHAP T FnaBl daise Lo HeSP 1R BSsRS, thRES
P e BRI . s L PR P e, Bt
pi ct 3(rjieng> Adildn dhddee hrgll pobhGH-ALAD e HASARIJ RheAlbrBr LohLPI-ABRAY al us

g the light 1 nks, however, "can not sufficiently inprove

the 10 to worsen the picture quality is expressed by the term 'poor

granularity’'. It is difficult to reproduce the image

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, Y, and K. The dots of the LC and LM inks

(additionally LY ink in some occasions) are, on the other hand,

not so conspicuous as 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 gquality. Because of these

reasons, the printing apparatus using the six color inks

including the LC and LY inks (or the seven color inks further

]
Ot

including the LY ink) improves the picture guality 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



picture quality in an area of low lightness ( that is , the shadow 2

area), -because of the reasons discussed bel ow. Especially the printing
apparatus using the light inks have an insufficient inprovenent in picture
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
| ightness . The color 'red' is reproduced by m xture of magenta dots and

yel low gatehy , Treddghbresse irs d-@Wer 84584 s38didd iy Of Feib ot By 1R e0r bl ack
dots . Formation of black dots on red dots nmakes the bl ack dots extrenely

CONspi Cytis tih G £0a BUP PESHllg tithdavigghe Hokegaageuancohsuffibisntesul ts
in the poor granularity. The dots of cyan, which is conplenentary to red,
are al sonmpdieenenhs pinc upstore t fealddyddirs, thet sbagleow herergr wbidfe 15
conspi cuousness is |lower than that of the black dots. Formation_ of cyan
dots on TN bt hiE AP FEALRS PHCE e AReHdt YpbBths Bhghaietyedas in

t he gase, ofat he highlighted area, the use of the light cyan ink effectively
| mproves e granularity. Fromthe viewpoint of the inprovenent in 20

granularity, tfed ididn1mmn s B%plaiABatydNeter aRhapeKes s thg-auak siopk and
the black ink to formdots over the red dots. Addl%)l on of the cyan dots or

t he bl agiattiodsn @rdnheetietb dalaskhmithg gradibhilcientéyséow Lightness).
however, does not nake

The color 'red' is reproduced by mixture of magenta dots and
yvellow dots. The lightness is lowered by addition of cyan dots
10 or black dots. Formation of black dots on red dots makes the
black dots extremely conspicuous in an area supposed to have
a homogeneous color. This results 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 cyvan ink effectively improves the
granularity. 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 dots.
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
heighten the density of dot formation limitlessly. This

restriction is referred to as the restriction of ink duty.



the cyan dots or the black dots so conspi cuous but keeps the 25 granularity
at a fair level. There is a restriction of total quantity of ink ejected
per unit area on the printing medium and it is inpossible to heighten the
density of dot formation Iimtlessly. This restriction is referred to as
the restriction of ink duty. 3 Ej ection of ink over the allowed density
of dots causes blots or winkles on the printing medium In order to avoid
such probl ens, each printing nmedium has a preset naxi mum density of dots
(restrictij@stobni 6K Tt WverTh@et atabwdanachyiel dotdobs daniad nidds t he
respective inks should not exceed this restriction of ink duty. Wen the
gr adat i oor patipkhekr om thd poibltdclg medinmt edp otrdes rteg@viodd tsarcddd t he
i ght cyan dots or the cyan dots. The color 'red" is originally expressed
by a | arBechifBer 8ACROPYEPESRIIBELELHAD gy EnPEeFEits MaX TR idsmedi ty
previously.. Formation of even a .snall .nunmber, of |]ght. cyan_ dot r. cyan
ots tnoet 2t haebrirs ot b R aurtifk To8, cobAT addelel e e b i
duty.s In ur,s-0f e i here | or.dj;ng rqhjsd tion of
Fur her SRt an or T hEhP GR e S dore o Thetoysn doreeein The
practi cateopetiation, owhenkt kenre .is sone nargin for the restriction of ink
duty, light cyan dots are added to red dots to |ower the lightness . Wen
the total quanthen tdie igradeddciepatiterncEronctédrooblangk duyrindesh if the
cyan dots may have adverse effects_on the 20 granularity of the resulting
printed 1hed®, reABIEPAntAORLS hBEeAd IBHT FW@“I%Qﬁﬁ SFarkiFotT ahSAtF be
fornmed t@hfur5¥er decrease the ligf%ness . VMeg the total quantity
n

f
again reaches the r%%{lri%?i%%l%%nl Yaeu}f%/reﬁsn%%r 1i’ﬁﬁea cloanroq%i on ' o rt%f(e)

per figct t@Pi@ﬁe”EBESOfaﬂ@e md Gt £Y b0t S M GRS nAN pdRES ouddy even i f
the bl ack dots are conspicuous, the black dots instead OP the cyan dots
shoul d beofeatednt off avbhen dmaleanemble bifghtigess cylah tdea sshadewaar ea (the
area of low |ightness) having the gradation fromred to black, the cyan
dots anddehe HWhack dansear éhef tertakeduiantddyece vansf thereach the

conspi cuousness, 4 ' ‘because of _the restriction of ink duty. This
nat ur al | 527 EEHFELOPPE HEKEBEY gr abiuItRe ?9@%@%589@%%?%% i &gar ds

for mt | o e B BobP % Rt B TR BV ERR PR Tae e (HEE s

i mitzati @P8n dots or the cyan dots. In the practical operation, when

i nk

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 quantity 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,
25 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,



including the inprovenent in granularity and the restriction of ink duty.
The design of the optinmumdot formation pattern accordingly requires a | ot
of time and labor with the trial and error. 10 SUMVARY OF THE | NVENTI ON The
obj ect of the present invention is thus to enhance the degree of freedomin
specification of dot on-off conditions with regard to a plurality of
different inks and thereby inprove 15 the picture quality in a specific
area including a low |lightness area (shadow area). At |east part of the

above and the other related objects is actualized by a printing system
whi ch i rRecRIese QTpERATSS thAt koot iggusyni t Rhis &q}?‘thﬂJyY G Ser ent

i nks, so, as_ 20 to print _an_i e on a printing nedium and a print
controll%ﬁ Y%%tp%ugp i Euggﬁn% I" information to the printer, so as to

control the crpalion,eL é@&ér%wohhfeggyaél th¥ 8kaflbhkerenhHitkSingrhe
print controller includes: a dot on-off condition specifica IOHIHH% t hat

speci f i eshélotradatdfdn pasdekrnofsomireld 2o bregar.d The & qmded o yaaftdaasi ¢
color inks and a dark ink based on input image data, the plurality of basic
col 0P i nk& et dytcosbondd het spendf hadttrder dhexyrads vusc AdoddEitd s or, the
dar k ink_having a mai n wavel ength region of |ight absorption substantially
i dent i calPSH EATRA DD LR BHEPRE gt ATAHL A ITY aly dbFe JeSHT 16Tt 19k
pluralit f .G colar. i u 1 1. .ght 1 f. the

Gl cot e badt i “irhle, HAE3 o beneh &b IR S ot £t e et

out puts dheosaerbiicabhanrak hheodobronIpkl ag@NdhbbeNgyiWH Rneedarht o the
plurality of 5 basic color inks and the dark ink to the printer as the
control amf cemdron. The printer includes: a control information input unit
that receives the specification of the dot on-off conditions with regard to
thelflurality of basic color inks and the dark ink, which is output from

t he contéol i nformation
UMMARY OF THE INVENTION

The object of the present invention is thus to enhance
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 quality in a specific area including a low lightness
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



10 output unit , as the control information ; 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. The present invention is also directed to
a nmethod of printing, which corresponds to the printing system di scussed 15
above.” The present invention accordingly provides a nethod of creating dots
with a plurality of different inks, so as to print an imge on a printing
medi um The nethod i ncludes the steps of: specifying dot on-off conditions
with regaidthdeed AUHA ithe phlubasieycekopaknkscandraities khdthla hased on

i nput 20 image data, the plurality of basic color inks being conbined with
one anothightweexptikas anhroodt ithec@edrgctidie g ke i a&lbaving; aamdi &

wavel ength regi on of |ight absorption substantially identical with that of
one basieorigrek inflorseltdgredubnntomihdhsitueatpuysdthergopeifdraitionks but a
| ower 25 |ightness than that of the selected basic color _ink; .and creating

dot s wi t% tihe plak QN F oSt T S ihke BE (ot thsr RLARLIFFs&F on the
speckfi ion of t t - diti0 ith 6 d rality of
SPeckl | S0 O ARS8t 98- qaORCERL R oM BroRRLCL aidipollicdl 1Y
printing $ystRat 864, t heneorgraspndi pecmBERad of dhecPseSeRkorRvenlnon, the
dot on-off conditions with regard to the plurality of basic color inks and
t he dar kinmkt arrei spea f iredse base dion sgeeciifiipidtioraget ddtea dolle pe ~blfE
plurality 5 of basic color inks are conbined with one another to create ink
dots andcenékebynexpiEBsraghr8nhei Eheopdrrathéydaik baskci feLeded Ndse basi c
col or ink |l ected out. of the pluralit f basic color inks as a.primry
compone N S HGERer K neHG G BOSBEY FFEM At GOPTaRdnt P PORPERE hue of

t heqgel e ic,. 10 j h j a .o i t han
e 16e! 6L e DB AQ O deferalhd i has m Louet: bglibhesa than
di ff er enini hkHpReF At doft@nvh hat tRE phersel e¢ted hasi € caloyr inkls but
equi val ent spectroscopi c characteristics to those of the sel ected basic

Col or i rknd Wiee daeksehkct bdsbdspo thecdnputi meontsoleldrofwimktidmor exanpl e,
the dark ink may be obtained by adding adequate quantities of cyan and
magent a dyes tB¢ RI§EIBWRRRDBEOByLladALAG dhradégdate GuBRREROY 6F bl ack
dye to the yvellow.ink . The technique qf the.present invention creates dots
Wi th thePBHUEERE Ty IOFTh T ST i i PR 8 e ek SR CERE St i nt i ng
medipgm  DASEL. OHEGSAGGH{ | 6254001 O 98&09519&%99@%&&@@8 ankRnbggard to
the respective inks, so as to print an inmage . This arrangenent enabl es
dots to df sty Wdds Wiaendar k1tnklhay 88 dherehanacisks stécaditecussed
above , as well as with the plurality of basic color inks . This 25
enhancespr et dayrigwasf ofyr gepivimthngpeediumat iWre ofe tdord gmadffdeGoidiet i ons

and thereby inproves the picture quality of a resultin rinted i mage.
Speci fyith Q%gyﬁbts%%gbfoﬁgn@?FiBﬂéoﬁFtﬁoPgbﬁﬁﬁnﬁowﬁég gﬁﬁ?rphéobébic

| . _ = | WL ; _ . Dty
because Brutik bt s L BrobESH Lk 1ahBPEPUARY LAR BSEH SnddBElle):
dar R0i nkimdgd Uttesa Oneh D sirLI018f d ik asal e Had r0uhkef pehegpbdmdhiinky of

basic color inks as a primary conponent and another ink having a specific
hue 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 lower
25 lightness than that of the selected basic color 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.



5 different fromthe hue of the selected basic color ink, and has a | ower

| i ght ness than that of the selected basic color ink. A certain color
conventional |y expressed by a conbination of the plurality of basic color

i nks may be expressible by only the dark ink or by a conbination of the 10
dark ihk with small quantities of one or plural basic color inks. In such
cases, expression of the certain color by the conbination of the dark ink
with one or plural basic color inks requires a less total quantity of inks,
conpared wi th $D6 1eXRLSs Oy oy sy GRIA aind ol sPbridie o ainRat ben of the
15 plurality of basic color 1nks. The use of the dark ink thus inproves the
pi ct ur e thalpitesendiDiverst o sefted dnt tohe ofes icondiitdroraf wiink degnrdFor
exanpl e, the use of the dark ink desirably keeps the fair granularity in a
shadow ateathehpluredd tgr afulkasiy ¢elesadhky wmdearee §grkhénkesrei ction
of ink 20 dut%%?A print controller of the present invention_is applicable

to such P9F} l‘ﬁg %?%?‘érﬁn‘lt:li’é BPBEén{me‘ﬂ_@e‘?ﬁF%n !%e%ﬁ:(,t&ed?ﬂrﬁfrﬁ‘l&itﬁ’:ﬁ eﬂ to
crbabes Toieittrtal o8 pRkRorFE, oBRBuRRRrERE PRksBhokhe] Re: BrBurshtr ol
the creajhpyofs dois é’ﬂéﬁ-’leth?%}géﬂésaé | dohYmdh {4 LS| ”:ﬁﬁre BRe-rprinRt er

e
creates dots wwth a plurali basi ¢ color inks as we as with a dark
i nk, wheigchudde ghenmdiy fldmink sallectedksuaref camipled-ayitty orfe
anot her to express achromatic color, and the 8 r dark ink has a main
wavel engeds e nfinkisghs alpsdinstogogposeartt AR gne e iigy haviiRct hat of
one basic color_ink selected out of the plurality of basic calor inks but a
Cover I GARELERARSEhALEGPTENE SEPRCERA BSI BELSPSr SPRRCTFe DARIA 5
contpol | Wl es . on- of ondi tJ LiLcati upi.t .t hat
speépfié§£%%€ %ﬁgbffmggﬁgg%$o£%9mﬁ?% %e%é?%gt%Egﬁghgﬁgrgﬁ?Png tbggic col or
i nks andridiedpd ke édbhaPased19F HARUL THRAE Mtk #RY 81€8RhEeL vienkor mation
output unit that outputs the specification of the dot on-off conditions
Wi t h r egadide God 16f & henplinkatohpost thaai frawkaatisikshansk Idet eldbksiek to the
printer as the control information. The present invention is further
di rect edcebon ipkhdihfof e@ohvadentngpe opmiosdorng operaxrdoherht EAS cdor esponds

to the print co ol l er djscussed above. The present invention |5,

accor di HHFSSBovEABsS SL ot odest S ABpPE I colbied) ChARR M ThPRg L8

pri Rker, Leh:create t i a ur.al.i of .4jff t.ipk n

pri Eh ngc rreéc)i?ujmﬁki %tso&cfglﬂ%\,\%%ﬁt rg !Ct ﬁga'gl eat'i &%iéof&%%?slf\}mﬁtﬂa?hg%

pl ural i tynedifed sy 88l ihaksdanea tHenebit 1aarld 8F|dyth anBmdydiga agesat i on of
the printer. The nethod 20 includes the steps of: (a) specifying dot on-off
conditi ons whhé¢ hyekbew dinlo @r flwraalding en ldsiquace guantkisyawmd dldakk ink
based on_i nput inmage data, the plurality of basic color inks being conbined
with oned¥ddthéPer Bedkpresik ac HvhiecerdeNsr Ot Hee dfaeanik tRIEPHECR mai n

e ey e

of one basTcC [ y “of "basi ¢ col’or inks
but o8 | oyeri | { R HESERE h?fih?i‘?g%e&%ﬁm?e‘oﬁgéadoﬁa%h%, cgkeh sigkiriand (D)
outputting the specification of "the dot on-off conditions with regard to
the pl urafidyt afnbast ccood O i ok Sy attel dduyatardo ithle $espective 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 quality 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



to the printer as the control information, so as to control the printing
operaticon of the printer. In the print controller and the correspondi ng
met hod of controlling the printing operation, the dot on-off conditions 5
with regard to the plurality of basic color inks and the dark ink are
specified, 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 creation of dots with the plurality of basic color inks and the

dark ink The_techni of _t present invention provides the plurality
of basicf%% B%gﬁﬁkgggggggﬁg %&%E%rnk in the printer, which creates dots

with a pluraligy hdidd&f 8BbykNken OB kPLARENG viRA BAL $H¥h swRaldes the
control information to the printer. This arrangenent enabl es creation of

i nk dot simkt Belbctba pltr alfi ttheofpldiddierigntof nkssiactotlongihke darla i nk,
thus printing an image of high picture quality. In accordance with one

pref er abbeimppyi c@mipaneft t padpranmtheint Aokl draaimb t he sr¢EEpondiveg net hod
of cantr lligg t he Erintbng ogeration, a_col or gonversi n table is provided
20 t & st OHEERRBRENGEB tEPnPECUSEdthE BRPPESELAPEEIEr CPHRTe 1 ¢ nations
of the al i | ot..Lpk d_th a I o.Lepre t .the
Cints . 5 hi Sulh) PEGhERERs Ennl SBnaR oy BE KK b st ppRBLT 88 o 0 1
pluralitynef basic sotefihnksoBh tHEndlahkibnkiaye sppslised byy eferring
to the color 25 conversion table. The nethod of referring to the color
conver si combabhaeienaldfesthbae pdatradn-tof f of omdistiiconso bdrt Hevkisesipaet ibee i nks
to be specified quickly and accurately. In accordance w th anot her

pref er ab®¥PEPHEL AL B enlyh&heodarkr ink esnbroRl epmbinatden @f- dive

it it h dt h luralit f basi | i nks ,and t he dark
ok 1 o ek 1 Bhoaninh GufrEiBien 8hoPPoRtr ByHTaLngSases o othe
pl ural i ty, gl bagl ool ot ddiks And ot 5,004 ik dobk, & Wie e dot
|1 e e aar 1N

on-of f condifions are spéeci regard to t as “well” as the

pluralityombiRashenCot @hd AKkSk ihewRiOPOREINpRlirkhendois Midy tihgks
respective inks may take a variety of values. The arrangenent of specifying

t he dot oagoifesondiltesenst daskdgoantheéypodpdmkison satpaEcgedl wibharth®0
appropriate val ue enabl es an i mage of high picture quality to be printed.
| n accor FARERSHLPR &ffi IThearkRe? 1 pr €PEPHEDPE 4Ps | Xk bR bF OR hefpihiht

contyrol ler, the, dark jnk. has |ower Jightness and uration.than.those of
one Hasi ELEBR T Rt SRS eto bOF BR8P pIgh 915 (At MRS | ke,
The dar k; | I,S 0 i ned,.+f e L b Igﬁggn t ther, ink to
t he sele%@ggo ggigh%%lggﬁtynf. 4ﬁggggg'o¥qt e dgfkh?% ¥§R%gnce ?%g degree
of freedpsstnispeshfbcatripauely .t heodotxamp0éf wandisd erstradidhernely 20

i nproves the picture quality of the resulting printed inage. The use of the
dark i nkdeshrehliskesprai ted Hyimdifanuarieasin ecneshdyfeovofargmot Werenk to

| ower the |lightness and the saturation, may enable a specific color
convent i B}H%\Ig?‘ilaré‘%Jp?’éJsg%dlSbfeé‘dcl&%l‘”r‘?étsieé‘ﬁ%PYtme pﬁetﬁ‘é&ﬂ/l%‘? Hadi¥ col or

i nksyt 0 ggtfxpressed 25 by only the dark ink or by a conbination of the
dark ink wth small quantities of one or plural basic color inks. The

expressi on of fhe isResbht£oE0bPToMYNERE LU DAL EAR 6 ié“égﬂ@ril&aib!llé W th
the basic color inks reduces the total quantity of inks and thus inproves
the pictuse sjuathi tay, patiinthings wgstened The present invention is
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 color, and the



11 by the restriction of ink duty. The dark ink nmay alternatively have a
mai n wavel ength 5 region for nost strongly absorbing a ray in a visible
range, which is substantially identical with that of one basic col or ink
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 that
of the selected basic color ink. The use of the dark ink enhances the
degree of freedomto in specification of the dot on-off conditions and

t her eby %&Wth@spacm@ qiae kgn@th t hedierupPf rlgtqm mMlgorphgen The
mai n mavegﬁkﬁ h region f nost strongl absorblng 15 aray in a visible

range is Y & Ealtlf’éla%e 606 MG ob756Cnrﬁ°t]t?rab%’6]Fb a red
i f b b
ray In t@%l%%ﬁ:eecﬁe uty 3% 'tﬁér%g\g%%iﬁﬂk fé{;&ﬁ% %ol%qo rmgst 8809 fg\]&%i) absor

agreenray int case o equal a range of nmto
500 nmt q ifpald: A thhuethay dithBes Case bﬁ@hb%l@k inkS N@@et HRint
absorptivity of light gently varies, the half-wwdth (that is, the

wav el &ngicontagi ldre havicigdielse ahimr@nwfﬂcotrm'ﬂtmcm bgbbltflieammdnrmm*c
absorptivity) nay be adopted in the case where there is a difficulty in

i denti f yithgtt hepeadEieagtdr egnoﬁffTr@fd%\#‘kiQfFﬁ( afbhavedarié i@ nthe

wavel ength reqgi.o ch.25 | nost Iud in a._wayel ength regi on of
500" nm {8 B HAY SRAPA=Lher? Do U AL BT v R e Ok hUET 700
nmthan g ht A 6 o 700
o e 2RAl A aRRAPEBh LY 1h BoBpUBYBh AL L SRl e c B BRLL D

col or gr atheakby cli®wRiag iidh @f%M@'&cB‘gtdh—ro%E]@oﬁBJ.&Q@ﬂs %thﬁega@dl 8o

significantly lowin the vicinity of 700 nm Irrespective of a |arge

vari B i othienpspeslivgcofpbesi? color inks and the dark ink to the printer
as the control information.

The present 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 provides a method 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

20 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 color inks
being combined with one another to express achromatic color,
the dark ink having a main wavelength region of 1light absorption

25 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



characteristics of the ink in the vicinity of the wavel ength of 700 nm
there i's no significantly difference in hue recogni zed by the vision 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 ink
having a favorable hue is thus prepared by utilizing this |arge degree of
freedom The dark ink having the favorable hue has the snmaller |ight
absorptivity in the vicinity of 700 nmthan the nmean |ight absorptivity in
t he waveltendgtie mpadindrerd GoftiE0Comtt@l 700F owma fien pas o asvied enam brokgi on
that is nostly included in the wavel ength region of 400 nmto 500 nmis
subst ant it&e PEEYos19 eRer3 hon apfethd PREDVPEFnity of 700 nm having the

| arge degree of_ freedom across,_the visib range. This facilitate the
dosion of & he Tk ERBSBIBECETRE HIfL AR AT LS REE Rt R R Beengt RoRefon |

whi ch i s Jpstlon 1 1d Y9Rdpkan® 1 WEVEhERGE Nof 9N aofr 4A0PM 0500 oA and a
greater |li1ght absorptivity 1n the vicinity of 700 nmthan a nean |1 ght
absor pt i wilth Hagansatel engt plaeglonyods Gk itndol oA Ky ahldetpeeaisex | i ght
absorptivity in the vicinity of 700 20 nmthan the nmean |ight absorptivity
in the wavd eageh smpiohied, 60@sed ton700enniepabl eésnadee datk.i nkThe have a
nore preferable hue, because of the reason di scussed above. The dark ink,

whose dotSRetidicaloirn fokseaftetspre?ff Pt FRNpAisHEvPPddes Ferthe t he

present invention have: . a characteristic, wavelength_regjon for

B Fongl y PRHOt! A5 TP AP T Jr e e Lo R et Ty AR A h S ERbShue of

the dark iy, oMl Gy dSa BUPptepthakiy Ldenti §aksWahB fneh@kakt @hixSti C

wavel ength regi on of one basic color ink selected out of the plurality of

basi t0col or i nkhe lBechfiBjua oEarchenl preesdnt i ghtreahsenptgnaidddathées

greater than or substantially identical with a nean value of |ight

absor pt i wltyragfithefsbhedtedobasiinkslamd thk dark HakHar sheepiinter.

wavel ength region of the dark ink; and 5 (C) a nean val ue of |ight

absor pt | VPR (3Hed e r @At &r Wi RBn2aPAEEAR WAV U@ Fo i ifHe Hb SR i99t§ of the

sel ected .G col or..ipk i 1. reqi f.visihle.lig ept the
R L e

char act efi engt’h regqi rk-rnk satisfying

the aboveGopdidi 0AnGA) aResindchienehase teehkie AU solinkhgoeoryeeRONdi Ng
basic color ink, so that a specific color conventionally expressed by a

conmbildat ithie @flutred itlyurce idty fefrdmsiiankeoliacluakag shei darRnynkaseisus
expressible by a conbination of the dark ink with one or plural basic color
i nks. Exprdsdiiag oin theagpeef f hggbobbetpyet Aaalstyoenbi nation of the dark

i nk satisfying_the above condit{ions B and C) with one or_p|ural
basi c colo¥ ng§lﬂﬁﬁﬁF T%eWFEESOPétBFéﬁﬁ§ﬁpﬁFy%ép%%ﬂé§%9ﬁwP%gbp%ssion
of the s [ t j I -t.he | j i ol or
Chks - TRy SRt I A RATLBEL AR oA BB HEE OE YoM RRELERGE! O

through (t@e phusntiedyegsridia dot A couart tbivetsibk €B3IBMDEiProvNasany
cases. This arrangenent effectively prevents the poor granularity and
i mpr 8¥es tiche twimst mrapmiueds tof winith usedors eawprdys thecokst rirmagentof ink
duty as discussed previously. 25 The dark ink naX have the characteristic

vavel engtIPTREg AN Ohicdh the psFa i FnQiieed icncal aavereh @t £BEi SRTHF 400

o S0 ke AL ASRLLEL AN, SUROLBLLMEL L MELCRL 280
14 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 gquickly and accurately.

In accordance with another preferable application of the

10



As descri bed above, even when the |ight absorptivity in the vicinity of 700
nmvaries , the hue of the ink recogni zable by the vision of the human eye
does not have any significant variation. It is accordingly expected that

t he spectroscopic 5 characteristics of the ink have a | arge degree of
freedomin the vicinity of the wavelength of 700 nm The smaller |ight
absorptivity in the vicinity of 700 nmthan the nean |ight absorptivity in
t he wavel ength regi on of 600 nmto 700 nm enables the dark ink to have a
nmore favopabht ¢rrtrskler nghe)dpheorhed fcandistion suwidihengoArfecyp direof t he
dark ink to be_substantially opposite to_the range in the vicinity of 700
nm havi ngP+RE2LAFYeCHRFEEC FOHY e dddm éefiogget@r%g‘%ijsri]blaé:er SREEL4ET i t at es

t he desi f .the ink. The dark j.nk ave. the characteristi el engt h
151 egi on et 4 Hiire Thaier] Res kb St (gt BRUFaIIY Lo 500
nm and a,grgaket kbiblk 3RKQ RhaVidotd R ke e/ iU timef 700 nmthan a nmean
| i ght absorptivity in a wavel ength region of 600 nmto 700 nm As descri bed
previ gusly, thewerehstlee datgen depr emii2bid eedospenisetliviotii ke darght
absorptivity in the vicinity of the wavel ength of 700 nm The greater |ight
absorpti vieythe dawek virdi mst yedfl Z60thenpharalhey nefarbas ightcadipgoripkisvi ty in
t he wavel ength regi on of 600 nmto 700 nm nay enable the dark ink to have a

nore favolRGl RTABSTE28NTRE A K91k Wb U dte HRTTFV S orithi & MY take
specified_b - rint roll o] nt i nvent.i have a hue
in a spec?f¥%£ggggr8%93%?%%5fp0§%% %5%§§8%&§g?eé?hﬁ %%ég gﬁg%éeg?%gh hue
zone on aoMipsel bohs taiond Gadfl Havend pRWRbddidh ness Lhaa1that Hf a
basic color ink out of the plurality 15 of "basic color inks , which has a
hue 10 t hepppeprintehuel tangeablddiers peaigkl 6fhuegh ghpetwird epyadsiad; et ween
the red hue zone and the green hue zone on the Miunsell hue circle roughly
corresponde poinkedhue of yellow. The color of yellow has a 5 relatively

hi gh lightness._Dots of the dark yellow ink havi ngfé he | ower _|.i ght ness than
that of the yel FRFIFHREFECSHE Rbt 1L ARDT RO PTG AR PSS ARIOR such a

that of P9 s _ Rih s
o1 nt ed | hges 10 e A By o baTk Hik e (B SR S "

that inclygdesratyshl ewafuenggneoAnch&XLNds dddr bothdaine RIRRR ite
yel |l ow hue zone and the green hue zone on the Miunsell hue circle. The ink

in tHids speeipleralbtyanfedwmisc tod chuénsdh .gr Eeai dhryelnlovs Gbeatineg .dot s
with such a dark ink 15 significantly inproves the picture quality of the
resul ti ngE PFi e¥EP L fragey iy the dvet Pé grebheshidgelo THe §8RGNSE may
have a hue_in the_specific hue range that includes a yellow hue zone and
ext ends tBaﬁlﬁoﬁﬁafﬁgle ‘ween the yell ow hue zone and the red hue zone on

the Munsell 20 fyg ﬁgé%ﬁuﬁlé‘a%éw %rn@%égsateq%nu gteegaet@het hat gov%tak,ﬁﬁh

color. The ink 1 n the specl ue range that 1nc e ye ue zone
and extengs bpetcheibawidar yobetmeenothenyelfdow dite Zomes anaddt kaefredyhue

zone on the Munsell hue circle has the hue of reddish yellow Creating dots
wi t h20uchimpdavesi hbke 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 1ightness and the saturation,
may enable a specific color conventionally expressed by a
combination of the plurality of basic color inks to be expressed
25 Dby only the dark ink or by a combination of the dark ink with
small quantities of one or 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 quantity of

inks and thus improves the picture quality, which is worsened

11



"?5 significantly inproves the picture quality of the resulting printed

i mage 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’ . Wen the ink having the hue of reddish yellowis used as the
dark ink, it is 16 preferable that the ink has a smaller saturation than
that of flesh color. The dark ink of smaller saturation significantly

i nproves the picture quality of the resulting printed image. It is

accor di ngyytheefresablie ttilat dtheirdardatiynk has a hue in 5 the specific hue
range that includes the yell ow hue zone and extends to the boundary between
t he yel | ow hueThendazkdinkempyd aRierratd veA vt havRuAs BRLnhwaveilegigth and a

smal | er saturation than that og flesh color. The dark i.nk r:rﬂa% have a hue
i ncl udedTPHLR SHBEI PPEL SRGERI6YoRPEBRCEBI 1B GA DAL AL F&dS cl e, and

a lower |ji ness J Q. o] t lity of
basi c co%gggbngg,S%ﬁggﬁﬁﬁgélg§Hﬁ%g?§i§%£q§32EF??§ ?gﬁgéé %é%tﬁgxégthe
specif i cihangelkewall yukassrt BRehpeuphly el | OV pdd RatddMb ot 3V tahguch a
dark ink significantly inproves the 15 picture quality of the resulting
printed gregeerThetdgirkli ok Inayhthabes carpsatvirtgt iona efavssiddetrh tdeagich 5C on a
Munsel | chroma when the hue of the dark ink is in a range of 2.5YR to 7.5YR
on the MIfisEre VHifd Idhe slaageThean fihafaeifnghe 1se liegd sdhbaBécrember gk, 5YR to
7.5YR 20 on th$ENUnseII h e, and the satuyration of g&g%ter han 3. 5C

on the Minsel | ~¢fir Bi& HSSESﬁgééf I A The 19 a8 Gh i mage
i ne o ! . . : ! .
orml 1or 5, SRR db o] P LS hor WU Rolde LONE, bl Ny

i nprigvenenprofekhenBi ptutargughhlYty26f |thd SOt Q@rinteaf amyes. t hat
the dark ink has a saturation of smaller than 3.5C on the Munsell chroma
when t he hue ofheheaidlarkavakengthnregeon afmge nofs 2 s3YRngl y7 ab¥R mimirtche
Munsel |l hue circle. The hue of the dark ink nay be in a range of IOYR to
10GY 1~ a Bavthe asseil legande é|Seapp¥ﬁ§imﬁvéeﬁﬁ eanslr hpge Tde B hue of

i sh Il ow, Creati dot i.th h dark _ink signifi tly i
Phe.pi ot 6D BaFP (0BT e FARRAT Ay TR RASCLR nh FRRA Y (1 1 o
i sh ; T i [ Y. OR
Phe: Minss s et Eraoarel o St 69 Cornsha Fafot Rl ¥ e i A humaet

chrom. the bakehaFingydiea itk | Rinldheqghangeo &f rhyd e rl@Roonmte sdmsel |
hue circle and the saturation of greater than 3.5C on the Minsell chroma

has the timntocdbserboa Ifluderdy eish the orseWhEnyahl owagek hadimngce e eddi sh

hue is printed, the use of the dark ink having a spaller saturation than
that of 2PPPERRKIYEr ofhhsgbbtInt Bf MediesonthAphdbEmehe tBf ( Mt pigtt ur e

qual i ty. oLt s, aegorghnal o, pr elerabl gnthat. Lhe dari ik has | hee e, in a

range of nsel ue Clrcle a a sa_ uration o
smal l er pBafmdm abseRptheiMnNsSalal, 6Br98BptéA ACC AN WHdrong el erabl e

application of the print controller that specifies the dot on-off
condit i ons af dtilfe& ircegpsctiin el darksi hages e twerd mgetidat@gidhe techni que
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 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 wvariation 1in spectroscopic

12 !



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 | east one
i ght ink, which has a 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 25 than that of the at | east 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 . The

rinter it A et it frs j 4 l-140aN £ rk ink,
gnd t he %gﬁégg%ggﬁgi Fgﬁtf ?ﬁepli%ajbﬂh %%r‘ﬁﬁ?ﬁ%@f&%‘a g’?&’%rl%?‘ﬁg@‘to t he

control &af orgmt han. Aseslesals bed RrigHiIFUHAnt hedRFiEBreRgeapar allds usi ng
the light ink remarkably inproves the picture quality in the highlighted
area butrdéesghigedeftiectheonvisjonvefenthef humans eyet ur Nauly t yhien t he
shadow area, because of the restriction of ink duty. Additionally using the
dark i nkSPapEBOESOPRE phararéegaalticy Pl the SMaduivaredaaw® £rgSe&t t ai ns
t he i.nproyepent .in picfure quali ip t.he whole | e. .| ccordance with
one B of 6 bt B°4RB1 FPRaER BN BECPHEY 108 PRV RO 09 TR rOF s ditci AFEe the
doton- of fi el 45 e Rforl i & BRSS! YRukSepased A A 1 /1B0p faka. fhe
techni que outputs the control information to control™ the creatlon of dots

to a prinieget Bagreeearegraktdomast Theoaueki ahkehaviagdehs Favorabdief f er ent
sizes with the respective inks. The techni que 15 specifies the dot on-off
condi t i omge dsasvditie amallesildghtoabsbepddvd tyoihethierwechibity e Fi0i0Nnt er

with regard to the plurality of different inks and supplies the results of

the spechiEadR of¢ dneFe kgt s omRE it i dheatey erlitd Sdde A s 26
ot bt Bt BRUTALIY L, SLERETR st SRR RS Bhe R o
creation;pfialeheast (w0 ¥arbaBhgthl 22 S dvips dif &S o nm is
substantially opposite to the range in the vicinity of 700 nm
having the large degree 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
hue, 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;
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sizes significantly inproves the picture quality of the resulting printed
image. “In this application, using the dark 25 i nk enhances the degree of
freedomin specification of the dot on-off conditions and i nproves the
picture quality, which is worsened by the restriction of ink duty. In
accordance wth one preferable application of the print controller that
specifies the dot on-off conditions of 19 the respective inks based on
the image data and the corresponding met hod of controlling the printing

[ h f dot ff iti i d
the bl urai ity G BaBeeTosRy ?l%l ﬂ'ﬁgilaﬂ% BhREPiRe sl Thak S8 gEt bk, s’
wel | “as g th drn.hesﬁ@%{‘aﬂfﬁi gn‘éﬂbﬁﬁ RAgRA o m?de%n"@’%@é‘%f igﬁhw‘?” of

y I of the yello

| i ght absorptlon substanti a entical with that I nk but a

| ower 1i 1viten thet e t e Vedt OV i Bksidhecsesyl t snRf LHhe the

specification are output to a printer that enables creation of dots with
the 10 pharddteriftbasvavebéngthnkegand ofiettar Raysl Hok:i mod The printer
rece%ves the specification_of the_dot on-off conditions and creates dots

wi t h°t he pl ur a{lq)ty‘ﬂ Bﬁa@aé@&u@opér lighs FHEPEHFH&l&V FBg&t 1En@rREeBW i nk

and wt the d e .l ow i nk
has a re a N Fe y Ri hhﬁ é@gngenqﬁﬁé yeI %wFF%%CImﬁlﬁﬁs%g dar ker
than theqneld awl % as%kzlel@%%t?& Begh ol glpt 9§§§blesﬂlgﬂﬁteﬂeé tofpthe dark
yellow ink are relatively inconspicuous. Creation of dots mnt t he dark
yel | ow iatarddutsesi gni ¢ i wanelgngopr pegsohhefptakutargudanki.y of 20 the
resulting printed i mge. In accordance with one preferable application of
the print contlhs |[darifinhesghriesonng ntientalove t¢endbtion- oA kaaditi ons
are @peC|f|ed Wt h regard to at |east the cyan ink, the nagenta ink, and

t helYel FAF CHOSgs TonERRI ine 9% y”iﬁ FLESPPR LA D PASHEs COLRTE ARK - c8%e, t he
dark ink,mRy, g}r’?ecfflhé’é &B%t ffﬁ?&lgﬁgg%e@%edgﬁp%t e 1L oW & {fkt ﬁremggt

thecyanl aln Cl IC&IOI’]

on- of f %”dtﬁéoﬁiu‘&'atﬂltrfgéfdbta%lfc:h%éif&( i Rl S_Lscarf_he%aQHIt t9sgpabl e dots
with the dark ink to be created together with 20 ' dots of at [east one

of the kagiresillgle ibyks cdnesireaticm@E the gk tiakewibasodwes yaiyang from
red to green on a Miunsell hue circle.
asic color inks. Expression of the specific color by the
15 combination of the dark ink satisfying the above conditions
(B) and (C) with one or plural basic color inks reguires the
less total guantity 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 vicinity

of 700 nm than a mean light absorptivity in a wavelength region

of 600 nm to 700 nm.
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The i mage having hues varying fromred to green on the 5 Miunsell hue circle
is printed by adequately creating dots of the nagenta ink or dots of the
cyan ink together with the dots of the yellow ink. The technique of this
application enables the image having such hues to be alternatively printed
by adequately creating dots of the dark ink together with the dots 10 of
the basic color ink. This arrangenent effectively enhances the degree of
freedomin specification of the dot on-off conditions with regard to each

color ink, thepghyes8PIR¥ENbLINE, RiviliBeaUBhEt Vi Gt tdsd Bt $1 69 1 i nted
i mge. In accordance with one preferable application of the ~5 print

control | eheofitheipyesemod nmenardas , tite tate of-tié ixandicldoeisi zatd e
specified with regard to at |east the cyan ink, the magenta ink, and the
yel | ow i BR BBetviéspporafi the dtumarieve dlans infiks have anys sdapd fidantdark i nk
may have a hue that is closest to the hue of %gg el.l ow i nk anong the cyan
"nk. 20 YAELAEGORca FEKLS ZRFOTHENGIN SRPEAECOSHRRT iR SR6I o T ot

on- off CoRJLLLARS T ERL St NG0B K Ll AL Sl U d gl e dots

with the € Crea rior tTo creation er one

of the cyps {hkiaRéyt be WREEphdeiBKgWACHraob MBEE tThdeniiiged as hues
varying fromyellow to 25 black. Dots of the magenta ink or the cyan ink

are rat hebsoopspvdagusin rthen wistirmowy nafje70unhtesshahe thel mean Medgmthas a
sufficiently low |ightness . Wen_ an inmage to be printed has hues varying
from yel RBRPTRIBVAEY, 1dr e ovievelapgshwreAiPRe oFf1 60QiarR £AK 780 M t o

oreat 1 oneRhedaLs e Dbl SIS B O e Sua Al LueTe e bl ght ness
il T T T R A R
substantially opposite to the range in the vicinity of 700 nm
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
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prior to creation of dots with the magenta ink or the cyan ink accordingly
does not nmake the dots of the dark ink conspicuous to | ower the picture
quality. Using the dark ink having the above characteristics thus
preferably inproves the picture 10 quality of the resulting printed imge.
The dots of the light cyan ink, which has the | ower density than that of
the cyan ink, and the dots of the Iight magenta ink, which has the | ower
density than that of the nagenta ink, are not so conspicuous in an inmage
havi ng ivel [ [ t fs y us be

cr eat ed(j]ri)fn%!aa?lsI 1(;%’/%;3?. gglp?ﬁggﬁagﬁlgﬁglnaﬁeﬁé%tlg g? etlﬁ%gﬁ'gﬁét: %ﬁénﬁﬁ% ‘or on
the dots of thenéigpéciBgenhael BéngénihBergasedobetwéan abkerdet nyd nter,
smal | -si ze dots are not so conspi cuous even when they are created in an

i mage hawomg and dlled igreEgn fiugh zbinghbnetke Mirkee1h huwe cdasd eofrotilgh 130 | i ght
ink, dots of the dark ink may thus be created in an overlappi ng manner on
t he snal $oEY28PEBHES bp the Bpancfnrebtovn tHee SRl9T 9 ¢eddioy ?S’fa-“t fe

magenta ink.. ln accordance wth one prefe | e .application qf . the print
Cont Pot 1 6P aF A PR Y IPLEE ik on PR S O A8 R YL et P o

speci fi egh Wi £ 5,4 LR Sh{Re 8t {RASterdie o2/ el PE11bHCI ARASU &1k, H3d the
yel | ow ?ﬁ&was%%eg%%}a ?ty 0 asi c ((:)ol orei%ks. I nlt hi s casél, the dark ink
may havecen$pectibak.i s clkezeiindg oabbe hueriof duim yal | @irk nki@aorguishe cyan
i nk, the nmagenta ink, and the yellow ink, and a | ower |ightness than 22

t hat of shenyEitewntipkimSpeviefsi thei picslirehguddt tynodf ftheomeistildrisigm t h
regard to the dark ink is carried out to enable dots with the dark ink to
be creatRELpFEdriF8J€reati on of dots with either one of the cyan ink and

t he ;pagent a i when_an.5 inmage to be printed _has hues varying from col or
of g‘e eiphernﬁﬂi %?rgh%nﬁyﬂﬂgiﬂﬁvﬁnﬂ BHS ﬁBgEHFaSPﬁﬁlﬁécb HEkFB8Es of the
cyan inkqgdx a; /BYGRES idMBEL Oy IRES 9bnbhanMYSAle d 'kt b NadpEyARagRge are

rat her conspi cuous, unless the image has a sufficiently low |ightnéss .
Wien an bemgeeh aHeeyd 01 pwiniedohasatiesevared ngukr oondagetiaMuasiliack or
hues varying fromcyan to black, creation of dots with the dark ink prior
to creathwom ofrdbes Whée the imagehia Fpkcdfichbueyanngrkhdesithgblyie ower s
the lightness of the i mage and nmakes the _dots of the magenta ink or the

cyan i nkCEuPFEERd Y yWEhEBHspi (HRALINE FRESJIAFIER nRUARS & h&Hte 10 osest to
t he Jhue of the.yellow ink. Like.the of the.yellow,ink t.s.of the

dar 15 mi g EREER Y P ey ehic B Bag aheEals Pl chBgBRea talle and

t he Cyaﬁ% ﬂ@ﬁ@d-iﬁ%?éthgﬂi%b 4efes Wit d Re-lafds nkyprior to creation of
dots with the magenta ink or the cyan inkK accordingly does 20 not neke the
dots of the darikei @xregonski segubatre bowee thetpeckpeeidual hing. rdsigeg t he
dark ink having the above characteristics thus preferably inproves the

pi cture AT LEhcéidere & e IPHghpei APeE iamsgexXtREd=iob’ af PPHEdETght cyan

ink and the dots .of t light nmagenta ink are.not so conspi cuous .25 in an
| mage nabt HEE SR S EEIasy g P re L Be FrE a5t “PRe BArs HEYRE) Lhus be
creaped jle A1 ,QVEL | 3RRI B9 MRODEE 0t d16: A9 $1@h }ﬂst' w!}stlbe@@@omk:.or on

the dots of the light magenta ink. Tn the case of a variable-dot printer
smal | - si7ge dofis iar EhBOEpSO1EVOSRIE YRl L vaa tWILS1LheY @ie yieaiwtuen an
i mage 23

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 vyellow. Creating dots with such a dark ink

o
ot

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 1s
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having a relatively high lightness. Like in the case of the light ink, dots
of the-dark ink nmay thus be created in an overl appi ng manner on the
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 nagenta ink, and the
yellow ink as the plurality of basic color inks. In this case, the dark ink

may haVGp@eEH%aBﬂéttﬁQt'ﬁhélq§g§%ﬁ$9 %ﬁglmgg Qhlibgy hlPMé+Q&htness he

cyan ink enta in ow I nk, and a omer t han

that of fbésMQJstW:' nkrhéaggkfirgablfom@ilém&mrm&{ %l@a&@ﬂda@mwth
regard to the dark ink is carried out to enable dots with the dark ink to

be creat tilpabtres theapiochuné doasiftp of tthd he syt iowy ipdd ntfesh iaagerage to
be printed has hues varying fromcolor of either one of the cyan ink and
t he magehtais nac@@ranagky Pres egibilige thyadn thek darka imdgdritsa 4 Mage oy dot s

of tgF nagenta ink in an i mage are rather conspj cuo , unl ess the 20
i mag hakfg §B?FFEF€nPF9 W?lbﬁ%e%%c u‘%ﬁ%a’i*?%g‘l’%e]r‘?‘b\%‘b"otzé’r}en
i mges | Q%Eﬁﬁ&:h%o' ‘tﬁQt BSEExa%fr}i BE £/ LTRYE « %eiz;%{ﬁo‘%«% %’?eh zonH& LS, Of the

cyan i nk or the magenta in however , conspl CUOUS in

these i magashud bb%et@l@hmﬂem@n§é£mrﬁfe_ d@i:alw!, tahd aesrd@IiSet Rls teitaagient to
creation of dots 25 with the yellow ink. This further lowers the |ightness

of the i bhge &hdtmelfeslelsd dotlomf the magenta ink or the cyan ink
sufficiently inconspicuous . The dark ink has the hue closest to the hue of
the yel |l ow i nkThej &@rk HakiBey BRVEHR h}’éﬂ Aamludied d8t3 greqaHel g gdenk are

thuler el 81% ]Y(?J{yto r!LCO(ﬂLSF())InCléIlO Lsmlsglgoﬁue circle, and a lower lightness

than that of a basic color ink out of the plurality of 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 2.5YR 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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t he magenta i mage and the cyan image. Using the dark ink having the above
characteristics thus preferably inproves the picture quality of the
resulting printed image. I n accordance with another preferable application
of the 5 print controller of the present invention, the dot on-off
conditions are specified with regard to the plurality of basic color inks
including at | east the cyan ink, the nagenta ink, and the yellow ink, as
well as with regard to the light ink) which has a hue substantially

i dentic 1 t cy i ko5t érel%arg% i ower
densi tya%%\é\enﬁé;ﬁ&al{}?so tﬁgjecyd;?(%ih' o?ﬁfhgkﬁa%%n?gll nk. %I% |striJf:,‘:1;asI,lgl,eJ t he
dark i nkofmyrang sh hWel1ibal | crdasasd dotsheihte ohchha yeghtrwiinkk anmong
the cyan ink, the magenta ink, and the yellow ink. Specification of the dot
on-of f cehdanifbagnwilyhimpgavest thehpitSudar Ruenk tiys ofathicedesutl ttimagenabl e
dots wth the dark ink to be created after creation of dots with the |ight
i nk whenPBRRLABgéMEEeHBAFANG: ddfehdd Hdes FF&eiLfd i yel | ow to bl ack. Dots
of the magenta_ink.or. the cyan Jnk ar.e rather conspicuo i n | ] ow
", uniess ThE 8k otk BR Bake S0t A Fin RORRNAE S ifhtie 22X e
an i mage i<nted [y ; r i on of
R B R e S

For mat i ofn 04 MighSe WLt &hib@adarkné nknk maddid itz tuamMilrh tdhee dargd dmk
further |lowers the |ightness of the imge and thereby 25 makes the dots of
t he mageh®¥d takl8Rdonhdheydhinsid Indree i eiconkpi duduthe Fhsulmadion tdfe dark
ink is closest to the hue of the yellow ink. The dots of the dark ink are

t hus i ncBhepFehotian m t e QreIiheWMPREsd LafBraBandes | thertthe Phatarte
qualyinty. i the rk ink.having the abgve.characteri sti T .. thus
p_reflgr abey%i ?r%reg\ges? tTe pic rfﬁré %%aﬁn?geo?‘at%ﬁég_r écgluﬁ t]f%%a‘bgﬁnﬁgﬁ ilr?age. The
l'ight i nky;Nbege gRb @800 ©oOHI ONTIAHRVIRECH! kRd1R% 1t BE thidaftion |
controll'er, may be light cyan ink having a hué 5 substantially identical

Wi th thatheh thetcyan fIksibuiororl Ousds dendery cflfar tishatn amptderemeart | nk or
i ght nmagenta ink having a hue substantially identical wth that of the
magent a ¢AkHrpigtugwegudéntivty Thds ahgeréinuhy pegearablakih@ottdreof t he
dark ink_may be created after creation of dots with these Iight inks . 10

More spefRFKchlkynast EhofNefelyat Kanie iy 10 &PedtO&d oFF (t&e Idn of

dots W th _botl e _light c I a h L.aht g i t.i,ng dots
w1 R heRal T AR el s Ao hatact Mo arto rl e ek T g
dots withhtbhgadark ink further 15 lowers the lightness in the yellow i mage.
This makes the dots of the cyan ink and the magenta ink nore inconspi cuous
and i nproves the ptcbudengeahliithh afnd herafestHidliagapplntetdibmage. the
accordance with one Eref erable application of the print controller that

speci fi eBTiRE GORLEALGPT EBABI IPORLTbES 20Ng WOt expedth vondiks s éd on the
g dal e 2pdehle, COL SRR T ot o SO TSI LN he pLilian
ke and S EPLERe Pk s o | DB0u T e ST oW Be | RRUoNAl o hass i n
wavel engphuregien ©f Jdght cahser phk&mnd 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

Do
(@)

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. The printer creates dots with the plurality

of basic color inks, the dark ink, and the at least one light
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substantially identical with that of the yellow ink but a | ower |ightness
than that of the yellow ink. The results of the specification are output to
a printer that enables creation of dots with the plurality of basic color
inks and the dark 26 yellow ink. The printer receives the specification
of the dot on-off conditions and creates dots with the plurality of basic
color inks including at |east the cyan ink, the magenta ink, and the yellow
ink and with the dark yellow ink, so as to print 5 an inmage. The yell ow i nk
has a reliald ¥elayphighihigdhd 0eSE, aeTrdie; darthe/ ebh@woil kn £ oth&dibs. dar ker
than the yellow ink, still has a higher |ightness than those of the cyan

i nk and the magentdesakibdbtprafidiel yarthy aitiovimk appanctos disighy not so
10 conspi cuous as dots of the cyan ink or the magenta ink. Using the dark
yel | ow i flee digidi dindh regegir@bdyadmpaiov efa§bht BIFRRI caflat hEYyER| BRI nk to
create dots and print an inage th significantly jnproves the pigcture

quat ity crane alied 9 fin SThoe | et ChieSRE of HIPHOVETEhF o BstBF ¢t he
presegt 'pfl\éeelffé)gu%ﬁﬁ't'gc%' d QrlRR WL AL, rlgeééléég@fd'tﬁ%;ksé PRPYEL MRY
have anot'her arrangenent. The present invention 1s accordingly directed to
a printing apparaits. t dabesorapiyntishfgdthe cxedt eflotamprdyes pheral ity
of different inks on a printing nedium 20 receives control information to
control tHetorwat quoalétydoirs wheh shegiqyw uagkat ot thits eedrtialinsk sthand

actually creates dots with the plurality of different inks, based on the

i nput corfMBICVERS} et R oL CEBTasarBL bV niRahREni§e1eTRESE nt i ng appar at us
i ncludes: a basic color.ink su y unit _that pplies .a 25 pluraljty of
basic col or i n%sn taoc?%%dzbrl’(i:%twﬁﬁ%d?“?hgr&%&f’: %ilitey P CSEIZth‘O(%})Ioot?1 chrrll%s bei ng
conmbimed wiitfi QRE, aRpther s ;achr ' L QE; K pply

uni t thatp slttﬂ]}pj)cpl i%gls a dlark%r%k@ié%e?%e%l%%rn?gﬁggg,Sﬁhgfga‘?ﬁg?%klggéiﬁg a main
wavel engtth e agse®fivé ghhxabsaspti on sulstiaRligealdatd detHd cedcwhiduéhat 27
of one basic color ink selected out of the plurality of basic color inks

but a | owertpgutghthesson traml tilmdto rofa ttilve Selaagttah babeccwed oron pif; datsont r ol
information input unit that receives the control information with regard to

dots of fHfe® PrdrdIST YREE Tt atottRsST AKS IS tak k& PRES B39 dot
formation,,uni t_that ives_ .t.he Ln ed, on_the inp

i nf or mat iraollrﬁyefsroerg% g&g;ée;“fle%p?ééw%%%%%ﬁ Sflseurjéﬁc§y ofrﬂh%a;ltlE %g@g}r%lr%i nks
and the dyjdciififes Mg RISSSU - oAV EMLAQDLiSn &l 59 We1LCAE0HhO & pBEhed of 10
printing, which corresponds to the printing apparatus of the above

confi gur atheofiot $he peesenied byettid pirihltes Wi tvirdegard tetthedbiraeteyvi ng
control information to control creation of dots with a plurality of

di f f er entofi @kEfangndrivkngna prbplihedde vhrohteraatbs srsiiichtior
plurality of different inks 15 on a printing nedi ur&ﬁcbased on th(? contr ol

i nf or mat i%h, P BRI S Hri e ks CERRE TR UHYY FIRIMYES $HEC SYRPE of

a ) supplyi I i f _basi I Is a i pri nt
head, th(lgaip ur%I‘?t#I%A%%E?CO?oﬁ%r%fggl%glrtbéﬂ%%’co%%oslaeﬁg?%viﬂt%(oén%ngﬁg%her to
express aeomatd ool or, the dark ink 20 having a main wavel ength region
of light absorption substantially identical with that of one basic col or

i nk sel ect ed oMamyfinchehplairzd of yehef ibksiod oyltbe pnkstdotthatleovables ght ness
than that of the selected basic color ink; (b) receiving the control

i nf or mat iGRaAHXIN g &id 1egsdotyoovarhabrs-plarafirty bavhadi ¥ o8 Fnks and

t he dark i,nk; d drivyi th i nt db d t he. i I
e o K i, B a0 LSRRV ey PR s S P SERL ) e
dark i nkddherehy; Iﬂf&%&g iAo, 414 & R A 4 6h ARRANRE ¥BeOfatke

present | nvention an
25 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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28 the correspondi ng nethod of printing, the print head is driven
accordirng to the input control information for controlling creation of dots
with regard to the plurality of basic color inks and the dark ink. Dots
with the plurality of basic color 5 inks and the dark ink are then created
on the printing nediumto print an imge. The use of the dark ink in
addition to the plurality of basic color inks enhances the degree of
freedomin specification of dot on-off conditions and thus enables the 7.0
adequat ergpeciéigat t 0P Of 1408 dodsa- off oandi tinpife T SURRIG egxnef the
plurality of basic color inks and the dark ink are fed to the print head,
and t he potrnesheading mbéhodr b¥enoatroilding thet heinédukt spetratthien,
specification of the dot on-off conditions. This arrangenent enabl es the

dots to bee I'duebwiae dBe 3ot thiet Aot hen reSHerandiet 1ons Wit rggiand ng

medi um so as to. pript. an | e, of high picture quality. ln accordance with
one pref B? abPe %Jp‘g??ghﬂ’o#gﬁa e cp?rr}ecg%r?‘gﬂﬁsrrvéﬁﬁ% * C‘ﬁé“%’r ia&t ﬁr‘?&s par at us
cr eatzes i at C 1.0k, i nk, el i t he

ot e o 1 REbFoM LT ek ety Y K CHIRGRINE I ¥oiqul o il Blodf e

at |eastnhhg GRidigtrt heegReaNtcE | Dkghandbdarprel dioWstiBk tanahlaas v
expression of a practically sufficient nunber of hues. The use of the dark

i nk in atldettbdnalowthibséhasir béusheoleillbomkdngnhatces lowerdédobdn2s sof
freedomin specification of dot ori-off conditions and thereby inproves the
pi cture Hoarithaboh feervadblev ddkori AbedreREGES h thec6PE&REA CRitEIP"anot her
preferable application of .the present invention,.the printing rat us

Cr oat co BT OUIRE 36 & Brip CFE et Enap e o fRdart PBrogte Pty hi,
the lmﬁgteﬁi@rhﬂjk_ty??g bhg kebbowl By sTAGPHA! Wag1ARRANALNS Bl SO 1geeat es

r
dots w dark yellow i nk, whic as a main wavel ength region of |ight

absor pt i pRisubstIdd dldy thdeyd il i vt for battof dbherb- et bowdink obgt a
| ower |ightness than that of the yellow ink. Creation of dots with the
bl ack i n&ndn cagdittadsondobdst e tdy arhé niplutdad irbygent abiaskc arellehe iydsl ow i nk
further inproves the picture quality of the resulting printed i mage. The
use of thecHafkngeart dwasiktpa ¥ridiaw dak andnesd: ithrsderhatftleo A8X10 degree
of freedomin §8eciti%ation of the dot on-off conditions

SO as print an image.

156 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, so that dots 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 yellow 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
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and thereby inproves the picture quality of the resulting printed image. In
accordance with another preferable application of the present invention,
the printing apparatus creates dots with 15 at | east cyan ink, nagenta ink,
and yellow ink as the plurality of basic color inks , as well as with the
dark ink and at |east one light ink, which has a hue substantially
identical wwth that of at |east one basic color ink selected out of the
plurality of basic color inks but a | ower density than that 20 of the at

| east onedphsi ef cat okedsik.orG @ft itbe bAsdet sowPrhinke when aly igfagslter i nks
including the |light ink _ inproves the picture quality of the resulting
printed i pagRrinhed &S uah¥FHiRY AKOMTeHdY BERePoCRMRIBIMES b ol or

i nks enhagfgg ghe degree of freedomin 25 specification of the dot on-off
condi tions ané thereby further inproves the picture quality of the

resulting printefei fRd§e hBv2RGOREEHCEa M {Ng SEdm AN R JHRlie'Abligie
application of the present invention, the printing apparatus creates at

| east &t woMuaseahl rusi zerdbesikav hgtdd fifereatdgud tzdgsy wWtdatriagardbtrts 3F to
at | east cyan ink, magenta ink, and yellow ink as the plurality of basic
col or inktheQragenba ik tare datts| efsthe wyaradnibtegetherdei hviihe dadgard to
the respec%i veei neks | mpr oves tgga pLﬁt grgquglgﬁiys %f SJ_fcgetiroenSlélntaibnl%spri nt ed
i mage. Thetuske gfe kv ddiic i AkS hechniq pp
the image having such hues to be alternatively printed by
adequately creating dots of the dark ink together with the dots
10 of the basic color ink. This arrangement effectively enhances
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. 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 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 black.
Dots of the magenta ink or the cyan ink are rather
conspicuous in an yellow 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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addition to these inks enhances the degree of freedomin specification of
the dot on-off conditions and thereby further inproves the picture quality
of the resulting printed imge. In accordance with another preferable
application of the 10 present invention, the printing apparatus has an ink
reservoir unit , in which the plurality of basic color inks and the dark

I nk are kept independently. In the printing apparatus having the ink
reservoir unit for independently keeping the plurality of basic color inks

15 and tdierlaltic BBtor® ¢BPELEREIhn! O dATPRAhY EnbiZalfi eI oxNknpeser vol T

unit to the print head cause dots plfurality o asic color 1nks and

dots of &fen dafik lidied the 1hgakeds@nNofheherimd ddhieddkas thiesqbesgul ts in
printing an inmage of high picture quality. The arrangenent of keeping the

respect ioe t@ magenitadepkende thleycyeannit baf fiikd enedyethconsphkaosboul d be
accommodated in a non-miscible manner. These inks nmay be kept together in
one i nk TRery®i?f ke @rrhajnbelreplosephr hPefiei hugi PfetBAt YRAKOWeser voi r

it, In this printi tus, the i ir . unit 25 k
or eaPer Htant (AL TR L A, Sarieares Tt tHie YaREoHaIRESR0l or i ni

correspopd| ng £ c%%tg%f oleNlo+ WAED At ﬁa'ag‘ m%eiaksﬁfﬂ}ﬁé.dg%@ldﬁﬁﬁpes and
portraits, are printed, a greater quantity the dark ink is generally
consunedad¢dardihel guddd ¢ b tomakbBertRasicx £olfothé ahavinkgcbhgphicddus
to lower the picture quality. Using the dark ink having the
above characteristics thus preferably improves the picture
10  quality of the resulting printed image. The dots of the light
cvan ink, which has the lower density than that of the cyan
ink, and the dots of the light magenta 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 light 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 yellow ink, and a lower lightness than
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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 the correspondi ng
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

i nk consunption. In accordance with one preferable application of the
printing apparatus of the present invention and the correspondi ng net hod of
printing, the print head is driven according to the input control

i nfor mati198t t @ FCriant ey A0 swWihik .10 dciesheeibyecienkhe dbEr Bh0OERE
control information controls creation of dots with the plurality of basic
col or i nksndivhonh wiich wegraatd teadte dpak imk,isragentied okt tandngelileow i nk,
as well as with dark yellow ink, which has a nain wavel ength regi on of

| i ght ab@@EptWbih duissdamki Ankyte dencirealtedi PRipRato gtreafelan ofeldodw i nk but

a lower |jghtness than that of the yellow ink, In the printing apparatus of
this arr%h nﬁﬁghﬁﬁdof‘ﬁeogowﬁsﬁ%ﬂaiyﬁﬁLnﬁ?ﬂoBth mﬁ?leﬁttigndf‘ dH?‘?nglgé‘ cr eat ed

Wi t hgt he; I i I i L0 ' i nk, and
the Vel | SGaee, Y6 HE B e (i buBl VREDAGPELUR Lol Gty £33 1
speci fi cahdoprothdobyan- ehk @aadicheonsgand at heyelys ivmieves the picture
quality of the resulting printed i mage. In accordance with one preferable
application ofDohe @f eslemtcyawveintk dm a hegemnitat iingoEppar diods ds tae | nk
reservoir unit that keeps at |east the cyan ink, the magenta ink, the 25
yel | ow iRRICRRA YHe idarkCIRN IFRINRTP R EMTNSP1apRus nfnless der uni t

keeps a greater quantity. of t ark yellow i nk an a quantity of the

yel | ow iﬁﬁégw%é# n%t%‘?%‘%(lcfjrﬁrég ¥djs%hyla(¥’qrh‘?1?t§taé@senaﬁdl &B‘tatgreaiyttosfbear e
prinped, , 2 grealifls & Lh¥ t ' IS ' Iy
consurredpthan t he squ%%{%it Yy X?B?h]g@?/rgl écii!v?flleén ?WTiﬁgthkogglggrsvglg‘?ggﬁ?t

keepi ng £hemoteah eto ek | Yordativnh dar oted kawn rkd arkt hakquaabirt y of
the yellow ink thus favorably causes the quantities of the respective inks
kept in thecirpktSoneser vavts uniitht ahlee mearsetd oibkecacttibad cpamnt iinhkes of

i nk consunption. The technique of the present invention may be inplenented
by a conptfeFabili koweeadhealipbénere of ddradanst 2BEtRNG T &4 HetFunct i ons

of the printing syste he int controller, 10 qor. the printing apparatus
of the PPESUif MERFEHE A s PhectHranole S U AR Tat FoH 5P FHE T escnt
i nvast i ofy b Sy ek 8GR W0 ARG YN 1 d) GR @n8PRGLILE LY AMNSPL n@t tai ning

the functions of the printing systen‘%’%}% the present invention is recorded.
The preseike i tiverddi oifSthBuge diswctad, dota bECOhE dgriediki@mrelbhug whi ch a
specific programis recorded in a conputer readable manner. The specific
programaetablivedy mgmtdwidcwius iedtd by thetwagkn ba dnplas ahdttheftydnf f er ent
inks , sp as to print an imge on a printing nmedium The specific Rrogram
causes aBaFPut SrrEBEERR Hn FHS Mt ithss I6FK dp¥cPryPRg FQoFT8ALIP
conditio i s r plural ity of si.c.calor i dark ink
based on&? n%ou Svﬂv;r%&g}{eecglat gﬁa 5% Rgap#ﬁjr’{a({)#t%/heofc Yl%asﬁglkcg %ro _ridﬁégﬂgglgﬁgsconbi ned
Wi t [200Nen @NOhARE EAcCUBEESSFAGRHLORRIC 16 Vond e @@k tHK1ba¥ENEna main
wavel ength regi on of |ight absorption substantially identical with that of
one basipicohve iqkaRbtwel ecdtethgutthef thekplimial iHayvidg basiec abboe i nks
but a lower lightness than that of the selected basic color ink; and
control |¢hgre¢earishies tous REaferelplimpadiuss dhepadicdugsl grailaky and t he
dark ink, based on e specification of the dot-on-off_conditions wth
regar d t%ft epFﬁ§gﬁ?%9goprba§F§ image. e gots 08 Ehe Elght 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 conspicuous even when they are created in an image
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33 color inks and the dark ink. Another application of the present
invention is a recording nedium in which a specific programfor attaining
the functions of the print controller of the present invention 5 is
recorded. The present invention is thus directed to another recording

medi um in which a specific programis recorded in a conputer readable
manner. The specific program actualizes a nethod of supplying control
information to a printer, which creates dots with a plurality of different
i nks on A ntin [ N A t.Q._con e eatjon of dots with
t he pl urgilaga{lf?r;'l”o1a gief1L g grqg’%tl%%gﬂ agég?‘ %gre %S‘y c%%?%o%?i%%éagép%?n??n%}ge

oper ati of @kt NG KPr | 48 €4 - oFNenEPRGIK G dN GHPMICYSES Bre@FRY & toyattain
the functidns af: specifying dot on-off conditions wth regard to a

pl uralityvekrlapiaLalandmikn &he imadldatikel aktbasedts ¢yputinkege data,
the plurality of basic color inks being conbined with one another to
express a8hitdeatsmaldoiwirze tdetslark ik Magemea almii n wavel engt h regi on of

| i ght_ absorpti ;)[n substantial ly, identical }\é\ll th %hat oE_one basic_col or ink
selected out o r&ﬁé’c&%}qeﬁﬁ ¥0 pARF cPEBFBFARES| ARBLBGE LM ovdr Firght ness
than tha t si¢ .C J ;.]g?%_ utting e specification
of the d fr(lfgr?- gﬁ%ﬁ%%ﬁoﬁg \I/tmﬁ'teh%rré%zgségrrg}(tlb e{)p rE'r aﬂltgydtg:?c bo;rgiﬁfé:ol or

i nks andcbh@idalidhd Blket OpbBerPEEN £Fh 32 ) 0Nt Aleddtf @HBBEYQA. 1819, @S tO
control the printing operation of the printer. 25 Still another application
of the prteasemtgenteninkn asdathegoyldiow imddiagnthée nplnrahi ay spedds$tc program
far attaining the functions of the printing apparatus of the present

i nvent i ofCHOTT é@dsded I NTHELEr €968t itheefiairdn 1ink Mays hdiiee@ duie othat

rec ing medium .in which a specific programis recorded 34 ' . in a
corrpomjer gFeSggﬁleec’tn%r?nézﬁe e Sfedis ép Gt dikaGeaY LHFE I of
receivin L nf i50 cr .0 1 rality
of i £ orBatr Ba A ot PGS Jsr e Aka! Rk CRo R rphantht ds TR
pluralitynef differentyed licRksimpn. a ppebliEngabtBdhums basedaer tdie eontr ol
information, so as to print an image . The specific program causes a

conput er coodatttians vhehfuegdrdrns dhe:damcdnk hyg ddwericohbudl to rdrartet i on to
control creation of dots with a plurality of basic color inks and a dark

i nk, thedpltgr #lithy the gagikc 1ad do beksusaiteg BE teanisinged WAt o ot her
to ress. achromati.c color, the dark ink having a min wavel ength region
of |1t PI5E0E T F SUbSPE R By THEREI aP o TG BRSSP Sol o

i nk sele t 0f ~hE al,LLy ~ef Sj i ri i ght ness
t han thalc:ﬁ:g?l te%elogeﬁtgctgégh%gs%}g%cg OFH?ntfagﬁicf%ralr{\ﬁ(ﬁtgrp&lgnt éeﬂ)eg)\%ilré}t head
based ontbh®lamput control information to create dots with the plurality of
basic color inks and the dark ink, thereby printing an i mage. The conputer
reads any one Bptshefspbei fvenpiolr ansa recoenied imrddheor etotdidlg Heglia to
actualize the re,sﬁective 20 functions . Creation of dots with the dark ink

as wel | R89GPER thE Jp‘i‘ l?rﬁVF‘_Pyi’B?g‘_Baas’?ecréGPSF FHKEPT FPPBYT esiRhespidit%ur e
qualid y gﬁnarggehégséjlsﬂfﬂcﬁl’érmlef l'owigg'ghtness. Creating yvellow 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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In accordance with one preferable application of the present invention, the
specif-ic programrecorded in the 25 recording nediumfor attaining the
functions of the print controller further causes the conputer to attain the
function of storing in advance mappings of tints used to express a col or

i mge ‘to conbi nations of the plurality of basic color inks and the dark ink
to represent the tints. In this structure, the 35" dot on-off conditions
with regard to the plurality of basic color inks and the dark ink are

speci fi edchéonagdnaa ihegampd tlgs taor tdage. aduainoe thehd arRrimkngeneny
ensures the quick and accurate specification of the dot on-off conditions.
5 The pl urhe Rbpvefcliasacteni st icakhwyeneederabilncinpleoves tdyeapichkret he
magenta i nk, and the yellowink. It is preferable that the dark ink has a
hue cl osd4dlihe ‘Pl%et%? Fﬁ%‘l}EFPS\APFﬁRte%iL@ﬁgﬁas t he highest |ightness

anong t hese bairﬁe%%ay% a'nrc]: Sw1t1-{% y q:he% ?Eg%gaﬁgl yg&f@% hg{lgﬁ)so% Qh}gf or

application of recording fed) F5c progr a

att ai Bi NGt e F HBREFONS O e Y Iﬁegm roh{:8htidn!, ect@{éi%t Thg-_pEgsent
invention is thus directed to a recording nedium in which a specific

progr am icon@&cioiakesl dre apectfiikedrwi ehdayardranngie plherspecy bifcbpsagr am
actual i zes a nethod of supplying control 15 information to a printer, which
creates cRﬁ%PEM#R#%a%ﬂQkQé&QQIQﬁ lgigstethgt CYaRs 1Bk . atbﬁlﬁﬁgﬁgtﬁeénﬁnl in

d t t | t f th . th ff t k
and t he?@ﬁ?fy Sk i et el S Ber i Bt e e p Hieor i Shhothfasi {16
pr ogr am 1T AU o 10: CLABLIL 10 0L L8NS, 06 20nSPRELT Mkngndo!

on-of f con |t|ons wth regard to a ba5|c C s and dark

yel | oW i ndgdrasiatk v itHilindg@ee %t}@buttha PbHéQ' abdsQtybanha €RREr oknks
including at |east cyan ink, nagenta ink, and yellow ink, the dark yellow

i nk havi nthea agam mmzengtm maggandra dinkl.i gt Bbierpieen sbbsfanki ahky 25

identical with that of the yellow ink but a | ower |ightness than that of

t he yel | R}Y Meveard g pm@%/nfgs t PO BPRE| §9 chte defof heh@oye bhowf £nk
conditions with éegard t o, t.he E%uralltﬁ of basic c I |nks and thg dar k
yeIIOW||ﬁFQQ9tH S PYRCert s t hBe cBREFBILE med T On P60 WY cdRfrol the

printing Qpet Of?f? 108 88n 'of 1He EBSI ﬁ%&%?r%n & ol S waj.?t? Iae@%tﬁhertopgﬁé' b' e

application e recordlng me a specific program

attaildi ngiddie fiuacis afsrofed heupriatémgbappased usitls treeonder. idketd
present invention is thus directed to a recording nmedium in which a

speci fi c ¥ oyreatied aicoor detkdnien cdhplotter wishd&bke LigivteinkTibespani fi c
program actuali zes a nmethod_of receiving control information to caontrol
creation Bt2%0t's° WPE P RIPFafalPREyPBES AV RFELBAL TFARS Y&Ad- 8t it My & pr i nt

head, which 10 greatgs doLs yuddhdDe; pkubal i ofy dhfhghentrd Nk§eRAr2

prl nt i ng
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 vyellow 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
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medi um based on the control information, so as to print an inmage. The
specific program causes a conputer to attain the functions of: receiving
the control information to control creation of dots with a plurality of
basi ¢ col or inks and dark 15 yellow ink, the plurality of basic color inks
including at | east cyan ink, nmagenta ink, and yellow ink, the dark yell ow
i nk having a main wavel ength region of |ight absorption substantially
identical with that of the yellow ink but a | ower |ightness than that of

t he yell |k A1 1589 HRe PEHAL 19ﬁ§§ﬂr j coptro

i nf or mat ?eginds? J:cr eatEEegl otlgl%wi th S?Fc\}elgp?%gat}?féslz of asi(yg: tgglgoiﬁg?ﬁ%gggﬁd t he
dark yel ligwritky ihegeby printing an inmage. The conputer reads the specific
program recorded in the recording nediumto actualize the respective
functions , so B 25.9hd tnkatvhaig doli oh-of £ |ceasii tims pae $pékcifhedmagent a
ink, the yellow ink, and the dark yellow ink. This arraggenpnt enabl es an

i mge of W JF9iRTiRE cRAFFPYLeH- vRaprPat bHIRE nCYRR PRENBRRYNGpRabEBUs of

t he pgresent,. inventi the dark,ink.is.s | i by _the dark.ink,supply

ani ¢ 500 e AL ey JAE LRt e it B Ele et S e Bt GV ER

accor di NGjgnd My GHAL HH0AS o BnBNbEhn 10, 4 K slohtk Allbentle: ALCRANg

invention is thus directed to an inhk cartridge detachably attached
printing appar stibstanikiiah 1pr iaést8dal RpEn WHat bfatipd wiaajdritya ahxbbatc col or
inks , wherein the plurality of basic color inks are conbined with one

anot her t@® lexgredenadhvobiman dhedl of. tidigagsh teainki. dgeokees thieedark at

| east one ink to be supplied to the printing apparatus . The_ ink cartridge
has an i ik Ba&gRpcreatad REERE Aafsteian Sfdg?tks WhkD thes e drigthkR¥8- havi ng

. . torPs oe ! ; oo navin
Fhar 10 “HE SR L LM O} agLiNbe 2R PALEN AU A0 A Ldat ERTAEERE M)
i nks but &-domedn ldghivessyitRmpdbRtc9f 1hgnselest ednasghg @1%011'%%-

Attachnent of this ink cartridge to the printing I5 apparatus enabl es the
printing negupantad ubnk o create dots with

Creating dots with these light inks lowers the lightness
in an yellow image. Creating dots with the dark ink further
15 lowers the lightness in the yellow 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 yellow ink, as well as with dark yellow
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 enables creation

of dots with the plurality of basic color inks and the dark

26



the dark ink. As described previously, this arrangenent enhances the degree
of freedomin specification of the dot on-off conditions and inproves the
picture quality of the resulting printed inage. 20 In accordance with one
preferable application of the present invention, the dark ink kept in the
ink cartridge has | ower |ightness and saturation than those of one basic
color ink selected out of the plurality of basic color inks. In accordance
wi t h anot her preferable application of the 25 present i nvention, the dark

i nk k i k i o h | f

trongly YEISPOLRS o Fh9 THEAECT CepetEanbas H O 1S SRR e ft

i denti | f. f it f
bael ¢ ooomtdel EBALEL ARCARAR ol & gty 2Ph Al protfarlest B wasi gl 1 1y ©

wavel engldy 19iiek Ofi ddieidMing Rlte 1eange theasyhhainrf the meyestLdimrsi c
color ink. In accordance with still another preferable application of the

present iamtethieoyellbe dak landikikbpthe MaeyedRowaitki dye & haspriny a
characteristic wavel ength region for strongly absorbing a ray in a visible
range5toﬁﬁmﬁﬂ%8%knern1ne the hue of the dark ink, which is substantially

et oAl ot A VAREET S TGN R, o0 908 RS ooy er i 10
l'i ght absgidhhr¥i §¥119ﬁt1d}§, @he2he{s darker than the yellow ink, still

has a higher lightness than those of the cyan ink and the magenta

ink. Dots of the dark yellow ink are accordingly not so

10 conspicuous as dots of the cyan ink or the magenta ink. Using
the dark yellow ink in addition to the cyan ink, magenta ink,
and the yellow ink to create dots and print an image thus
significantly improves the picture gquality 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

25 plurality of basic color inks to the 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 the print head, the dark ink having a main wavelength

region of light absorption substantially identical with that
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than or substantially identical with a nean value of |ight absorptivity of
the selected basic color ink in the characteristic wavel ength region of the
dark ink; and 15 (C) a nean value of light absorptivity that is greater
than a nmean value of |ight absorptivity of the selected basic color ink in
a wavel ength region of visible Iight except the characteristic wavel ength
region of the dark ink. Attachnent of the ink cartridge, in which any one
of these 20 dark inks is kept, to the printing apparatus enables the

inti t te dots h_t he dark k. Thi
pr oves ThE s BPRHE GRSPFLynbI>EHECFERUITS g PP, CRnDaEEr dance
trr e SYELLTARL EPR | GALE AN e ddly PRaRIARANLE HEU AL dBalfll |
cartridge keeps ereln one basic color Ink selec

pluralitydfobasikG %%@ﬁtrakslnfana&@@malmwdﬁtawahe&e@egb@nsabhe
application of t he present invention, the ink cartridge further keeps

t herein hkatmrmhklnﬁWEm@tisnamhthnnegaranﬂoh@sta ¢HDwthegblurasitinof 39
accordance with still another {ﬂeferable application of the present
i nvenBi orbag¥e ¢mloxakrks d@@df @h@@r}ReJefHS tme@rﬁ% fersatsaB unght ink,

whi ch has,.a hue substantially.identic t hat at. | east one basic
col or |nﬁj§§fe éﬁ'ﬁhttb %Fpl P? H%%lg | dPPR kscBB?ra | ower

density tﬂ?fb%rh?%ese I&ﬁaasf tloe 2kab8Cs @@él i GP! b%ramecy%vfaﬂgsment of

keepi ng any o In a |t|on to the dark ink in the same 1nk

cartri dgeespyesinke sdpdathepasekr equi.red for the ink cartridges, conpared
Wi th separate ink 10 cartridges that independently keep one of these inks
therein. In accrelarneseant hirvnenhienpiefalsh| @lopptédatpon néthhé pFesent

invenblon the ink cartridge further keeg t herei.n one basic col or ink
sel edPed RFAN DG he' i ARELFOMASI 1O EGoPTRAkS NEnAPRATAERSE O6nEREi ght

|k, whi ol s & e SEST AR Ay JRd RN SAn R Eh8L Bloflabgagt one

ba5|c color
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 express achromatic color, the dark ink

20 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: (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 control information to create
dots with the plurality of basic color inks and the dark ink,
thereby printing an image.

In the printing apparatus of the present invention and
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out of the plurality of basic color inks but a |ower density than that of
the at- | east one basic color ink. The arrangenent of keeping these inks
together in addition to the dark ink in the sanme ink cartridge further
saves the total space required 20 for the ink cartridges. These col or inks
including the dark ink are mainly consuned in the process of printing a
color image , whereas the black ink is mainly consunmed in the process of
printing a black and white image ( for exanple , a docunent . The
arrangengiie keeRs siaaRA niPhltnodkss 1pﬂ’!ﬁ’dﬂfhg{?‘,r enEBH ALY £ GRNSINBaRDyER Pri Nt
a color inmage, together i'n the sanme 1nk cartridge, separate fromthe bl ack
i nk. Thi sacuomgesend tesi nabhy edares dmforinteioik £ar tcomigeo keepgng i nks
mai nly consunmed to be replaced according to the imge to be printed. The

i nk car t ramiget igfn tdfe qutes atitth megandrtondpekpépradityt héreaplancehrhavi ng
the followi ng characteristics as the dark | char%ct ristic

. nk:. (A). a
wavel engtikegrohtPratars st | Patd é’%@%r@t%%%ﬁ% ot PAGACRPL8T500 nm
t he char i.Std I t egl a r RiE i
Vi'si bPe raHes sl Bt MR PR R L S LA R SRR B Srb ey (g
mean val u& gfrgbsosptinhgy.of the ray in the visible range except the
characteristic wavel ength region, which ranges from7.0~ to 60~. 10 The ink
cartridge of tHhenesewntt theedtrkninmkyimladtintatdn eloy theepltheieéky af i nk
having the follow ng characteristics as the dark ink: éAQ a hue included in
a speci f iR2Fhgec@FonORIRES| Ogvhgacg s | daeras r @f; BrPATM (Bina
saturation of, smaller than 3 5C on Munsell chroma. Attachnent of the ink
cart 1| dg@PeE SHT Ry B 9 oG PREsCPEIREONS T GPRRERRF: RTRESSppaPat us
enabhgs télf‘eq‘i{a{{‘é'ggeéﬁﬁ%étt%nt QEr edg?t %H"-“otffft fAfod oK. FALS
arrangenment Tnproves the picture quality of the resulting printed i mage. 20

The presefifpd MwanNtdORhiespdiratt ed 60 wikidkotatt ihdgeaidahkagps therein
yell ow i nk and dark yellow i nk, which has a |lower |ightness than that of
t he yel | awa fled Tire Gireeparitnt eardt,i emd $hel poiditr betddisotlaeni dkivant ri dge
t hat keeps therein dark yellow ink and black ink. The present invention 25
i s furt héCHTERSFX B aFgHk! taetr FagSsnacit icddion REr 8% &1 PBwPFhk, dark

yel l ow i nk, cyan ink, |ight cyan _ink, gent a. ink, d li.ght en i nk.
The arraﬁﬁ%ﬁ%% l%ﬁgkeepﬁndsth §§aﬁﬁﬁ?“¥%§eFH8PlFﬁ t%gesagggﬁngggarégidge

savegst hey 4 04dd + SPAES AUy { 86 ¥ rL BebPKvéinks on a printing medium,

so as to print an image of high picture gquality.

In accordance with one preferable application of the
present invention, 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

25 of freedom in specification of dot orn-off conditions and
thereby improves the picture quality of the resulting printed
image.

In accordance with another preferable application of the

present invention, the printing apparatus creates dots with
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cartridges, conpared with separate ink cartridges that independently keep
one of-these inks therein. In accordance with one preferable application of
the ink cartridge, the capacity of the dark yellow ink may be set to 5 be
greater than the capacity of the yellow ink . Wen a natural image, such as
a |l andscape or a portrait, is printed, the consunption of the dark yell ow
ink tends to be greater than the consunption of the yellow ink. The greater
capacity of the dark yellow1ink than that of the yellow ink thus enables 10
these two inks to be used up at substantially the sane tine. This

ar r angeneht H%%?Fa%*?c¥eﬂﬁ%e%nt%% WaiPR BP FRK €Ya3 ?BEPaEEﬁEWFQSPtPhe i nk
cartridge, jn wy @hﬁggllg% iﬁk”seﬂl %ﬁlﬁttfnaz% %g%%xl rﬁbte oOErEQ% gt her

ink still rehmalns presen |nven iFon1s &6 gh

cartri dgedéf@twfﬁ?%rtm?eﬁ'lﬁwd@ﬁk YRhL oW hdd a hiaghy w%%'leh@'thaﬂgﬁhbﬂht _
magenta ink. The arrangenent of keepi ng these inks together in the sane ink

cartri dgeofaviesht hebd@tmt 1 Gpand et T2l ¥ drddritel ¢4k weistli ihdgesf cagpar ed
with separate ink cartridges that independently keep one of these |nks
t her eibn. »ol venink rattucallowertigbiobiphsasthan st apfe tdre gegdomr ank,.

rinted, these inks are often consune e than_the other .ink The
P amcoment of FERFASS L d s ST Ghd T T eSS iop %Qnahfahe

|1 ght ”a%‘l?g & 44, Itli]l&t REgEARE 14K, Gad QEQ?% %ﬂ@@'ﬁﬁc ¢ 'rBEhte*P Emggévgé” ridge

to be re d accor I ng to the I mage e printed. In acc ance with
one pref efl&@h@l@ﬂ@i‘é(?@ﬁapﬂtﬁfoﬁ e resaiitt iy ¢Hinted tlhteagdmk gakt tkdge

further has a storage device that stores information regarding a quantity
of each i@k HWeptdarieveildlowniakr badaddetionitabihssarngkeokahiaheesatiher. 42 °
10 degree of freedom in specification of the dot on-~off conditions
and thereby improves the picture quality of the resulting
printed image.
In accordance with another preferable application of the
present invention, the printing apparatus creates dots with
15 at least cyan 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 light 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 quality 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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Storing the information regarding the quantity of each ink kept in the ink
cartri-dge ensures the printing operation based on the information with
regard to the accurate remaining quantity of ink. This arrangenent
effectively prevents the 5 ink frombeing used up in the course of

printing. The storage device included in the ink cartridge may have an ink
quantity information storage area, which is accessed to be witten first by
the printing apparatus and in which the information regarding the quantity
of each ink kept in the ink 10 cartridge is stored. The area witten first

is, for &fanpteleaskesyat ek n PRECELEr dGE dAAE Y 1AHy Il nthhe
. . ) . £ b h S .
st or age &ﬁéh%§¥€€§§$§|Qégléocgﬁﬂg[%ﬁksp irst by the printing apparatus

Storing I on regar e quantity of each ink in this area 15

shortens the tidmedemi red tRe wEi teRdtt Reol RiQrim1icds 1 Adi §o 8k r @ngament
effectively prevents the information to be witten from being destroyed by

cutting ofdgddte eowhe sappbkygtafret hekprimdraowe apher atictune tghalddyr s€ of the
writing operation. Wen the dark ink kept in the ink cartridge is used up,
20 andi nkhsuppeseitisguded nted ektnge supphg oset e dhRR idaick oiteinnk

cartridge S0, . as to conti nue creatjon of ts with the dark ink and print
o o Saga i b A e ahhaNegs, 0 datid P Freddhnatfi P i
accordin j j T r nt, i j i i to an
R N i (-
i nk cart rigjgeovss dalaghailvralduached, be anprtetiungiappprahusdangdakeeps

therein at | east one ink used by the printing apparatus. The ink supplier
includes a sealledarrkrdeseevel thEattHegepsednrahkeiappl seatiog afabher, and
an | ?5 present invention, the printing apparatus has an ink reservoir
unit, in which the plurality of basic color inks and the dark
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 quality. 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 gquantity of the basic color ink having the
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43 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 ow ng
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
determ ne the hue of the ink; and ( B ) a nean val ue of absorptivity of the
ray in the visible range except the characteristic wavel ength regi on, which
10 rangescibggsiOntet 0060fat dhethakigtippider Mae tihg sealeedoiRk ungser voir
that keeps an ink in a sealing manner, and the ink supply unit that feeds a
supply ofkéhpisgatied drdater guantikycaftthelgaark Thie thh&nhad ggahitd tybove
characteristics (A and (B) is sealed in the sealed 15 ink reservoir. The
char act er PEt ke wRFEISSRATH ¥y Pgs 167 coheT ik thischanarabyy dawses #de t he
hue of the ink, i.s nostly included.in th vel.ength,ran of 400 nmto 500
am This RBERSIENEE he SRk SPOAGHTS Rad o thEE Off JBF OAF FRECFNE Mas t he
mean | u A 0 h [ : Vi Sl N t the
charag?erﬁg??céﬁzgiﬁgﬁﬁi *f%g?%n?°5ﬁ?%ﬁﬂ$%ﬂ§%§i§$gﬁff'@a?§n§g$?% hi's nmeans
that the ink hagsnaakewdddaglfen@ssh o pr&krdwabng applebatachebirstthes (A)
and (B) is accordingly replaceable with the dark ink . In the event that

t he dark prmiknképg | applagatnie carfiridye igresent upingepplignof ande itie from
25 the ink supplier to the ink cartridge enabl es continuous creation of
dots wi t hNCPRECERPROLRKE e adhtofaPTiRigerDf HrghPhivt uPeagduaFi &F1veRe i nk
sealed in e_i.nk s l.ier. may alternat.ivel ave the follow .

char acter?é??gg?“ngﬁgg(h@ 3P éec?rrllg %geldl |°rﬁ“aaqslpoer%:ittf3i etra %\é\ﬂo(r)% Y&Iﬁh’to | OGY

on a fdinsehk ELEE 81, (Blerd iSatHEAON-Of iSRRIt idPRoALtra%son a

Munsel | chroma. This ink may al so be used as the dark ink. A supply of 5
this i nk seabkédonnof i»tifnkisppheaslixal ey ioftkbaaitrtdier emadd ewhdickat i on
of dots with the dark ink. The technique of the present invention may be

i npl enent @dchbipda pk dgaat cyde imat ragedtter doki mrd yedgdwweinko ag waild t he
functions of th rinting.system the print controller, or the 10 printing
apparatusaﬁfwﬁﬁg Bﬁégeﬁﬁg#ﬁ§éﬁP#onWHFggugéédaaBS98.W?NElEBQﬁBtéﬁgﬂﬁQn

execut es BEeJr_ngﬁ{?.e&%éé!fp%%gﬁté%ét?{{‘ﬁjciéfﬂ if‘déﬁ'@i%?%% Gade. o I reSti .

possi bl e app ation o present rnvention'is us a program code,

whi chis mpEhedywoinkre@t i D9 HRLS Wighitna oR ¥hahi t¥aefofi fernt1 dwksxso as to
15 print an inmage on a printing nediumis witten in a conputer readable
manner. The net hodthet palinzésagt hephuwatctisonE ahisspeciahyiemg ndotndn-tofef
conditions with regard to a plurality of basic color inks and a dark ink
based on Pﬁﬁﬁ?spﬁﬁgén@aﬂﬁﬁhpﬁeoﬁl@ﬁéﬂﬁﬂ?gofd@§§i@I@opéﬁaﬁﬁ@swﬁébnéh@Onbined

with one 20, gL N0y Ry 6211280 M G 2Lk s L8 R KiddlhiRyhRg @ main

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

reservoir unit keeps a greater quantity of the dark yellow ink
than a quantity of the yellow ink.

When natural images, such as landscapes and portraits,

are printed, a greater quantity of the dark yellow ink is
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wavel ength region of |ight 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 sel ected basic color ink; and controlling
creation of dots with 25 the plurality of basic color inks and the dark

i nk, based on the specification of the dot-on-off conditions with regard 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 suppl y t O{ﬂ(}f#ferﬁmed “Jr%[r[mctﬂeoﬁlfa‘ht%b%r %e ?{9’%&% Ggt espfgts with

apIuraI| I nks on a printing nmedi order to control the
creation jqfk C&E&ssewé{rtmww@éiﬁ? ©he diFd £F €At m@ﬂfﬁlaydofhen@baark
controlling a printing operation the printer is 5 witten in a conputer
r eadabl e yslew .inkhéhamt hbd @oauvbtltygest tithe edidiawnakothusspacotgbhy dot
on-off conditions with regard to a plurality of basic color inks and a dark

i nk baseda®sghie |Q1ﬂa?j\at3dh1t%ﬁ afhdhsl Fegbiecy igre Bagisc kedtodni ke bBkng

conbi ped with one anot ress achromati.c col or, the dark_ink 10

havi ng AL Chor Bar BRo8E (Ko SRS S AnbOT S OF | Jok

i denti calg n 0f one basic col or |nk sel ected out of the plurality of
basi c coI or but a lower lightness than that of the sel ected basic

col or ink; and rmé pethhAgukher spechfesait anvehttilbe ey venimbpiesondedi ons
with 15 regard to the plurality of basic color inks and the dark ink to the

printer & heowpnitesl, whichmeeads,a speas fie pongrem thetpachuahyzeperation
of the pri nter A third possible appl ication of the present inventionis a

progr am cdtfe, YRRy n%‘?%d&lr%ﬂq‘%%e?iﬁﬁﬂ%om‘?o@r%@tl?I‘P%Fﬁﬁ%?%ﬁ ‘to
CONt 5! oA OB AGLp ML A WeALPLY 0L LT B8O Blsg 20 dELY 10 2

print "hea crea Ft e p ura eren |n 5%n a
printing gpgiaim d?ﬁssﬁg QEcEB@oﬁQﬂE‘ £k ﬂiﬁé@ﬂ@&h@@nt&%n@s taoré)ébiq&lﬁg | mge
is witten in a conputer readable manner. The nmethod actualizes the 25
functi onsnexfiuni pdei wmﬂ@mtahgp@@ﬂfmlpndﬁmmbr&rtﬁammm itole £ueationsof dots
with a plurality of basic color inks and a dark ink, the plurality of basic
col or i nk&f dien @ rgariinge ¢ ywittem @rfetaﬁophesetlﬁ expensioacheonacprdedl or, the
dark ink having a nai.n wavel engt h regl on of ht absorgtl on substantl ally

36 1 dertiS AT RAATT URHETS BnDLERE COTTFEIhE 54 BEPEIASE BFOTHE:
| t (e} t
Cel cated BRuratLf fidh el Sl e 1o PREo O e A e e B R

control indidm! i ahd @pekadtie §obgruntActhgl Dzek W aldtnodbrbaskgteabor inks
and the dark ink, thereby printing an inmage. Any of the print controllers

and the piotd Mng;ha@uﬂnméusxss{ of diefgresernkisnveotd onodpstus sediabgee nmay

provide a plurality of dark inks and uses a nost suitable dark ink or 10

t he pl ur &% By PEANEANE PARS VS nuT RarrRAGH il QdeYaHay cessas ?nﬁ@’@PFBeEe
venti.on may accordi.n e ot h

ted Th
g:):olnl gatl ong agjirﬁrs{é‘ed%blglc&konﬁ Poir 59888§¥r9‘8§e‘98%p??08 $ Fﬁ%n;s)r esent
i nvenbi onR, i &, ks A RYd At pQQE"aﬁ.@t%{ertl@@%lé%dx_es_n_rﬁ@tarrﬁ al BhekMghkon to a

printer, 15 which creates dots with a plurality of different inks , in
order to mwaydd ain tiheputr daiagen daftadotthiewptirihe tpl uFabhsycotodbtf enkat i nks
. The printer creates dots with a plurality of basic color inks as well as
Wi th a plReEg tGorFined Witikonankardher ke pkRrarkt §cbropasie eoleF i nks

are corrbl ed W th on anot her
e dar&c 1nk aving 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 color 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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20 to express achromatic color, and each of the dark inks has a main

wavel ength region of |ight 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. The print
controller 25 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 inage data; and a

control ig gr()ptatj_in% tlflt(flt}lheurﬁér hlaﬁd( out puts the specification of the dot

f
on-of f cofditions W regard to the plurality of basic color inks

and the pluralipyo@hedar kppkeatQohheMdr kAkepassdde GaRlemidnf @smaiion. A
fifth possible application of the present invention is a printing apparatus

t hat has @&epbdinheacdiomcr dat evhdetts &b swieldi fa op putogirany fofr ditftfasmeintig i nks
on a printing medium receives control information to control the creation
of dots withi¢ frECELQREl 9¥ y-hef PELREP@HEr P hl@T ofnBhaRRF Yt dmemrdsiafbt s

ith t | it f diff t ink d t he .i t t |
o B EEOLE ] Thld BLERen Sy en BRSE  Thi D51 A £R0 i thes | des
for i Of, =S P - i At 68 T udes:
P the oy Relordi P iRt Nih WHILROHPROLERr fo bR ad s £ ndndod Aipr | A

with one anebhgiite® 2¥RHABI c2RANARRL I CTES| e c i dAPe d dikans WRiya Ut ds t hat
supplies a plurality of dark inks to the print head, wherein 15 each of the

dar k i nksahmethodaofi svavel iy [earggrain iaff olrmgltti cabsor ptpwim sems twimitalal | y
identical with that of one basic color ink selected out of the plurality of

basi ¢ col FeEHes Beisavisthe? BRIy hels athdAfERaensf 1nke QRl2AEBR BRI ¢

col or4 4 nk: .contr.ol infor ion_i.nput ,unit_that. receiLv he .cont,r,ol 20
i nf orlrr(?ati g‘r‘?’%vjﬁ rlenga?rd ?%"g%t gogftrlt%#e tp eurcaﬁelatacyloor} %%s?%t%olw&r%?ﬁ ntkhse and

the pl uraguw:aqfitqf_abk d¥KSe re @ d n& 09k d ftAdTRIYOBoHREb 10 Ay didviesitdie pri nt
head based on the input control infornmation, So as to create dots with the
pl uralityopkedsdsion cef othienksriantkd he phar abety fak dardgrakscadsefhese and
ot her objects, features, aspects, and advantages of the present invention
wi || becorempwtempparattain obhe hBuhot Lows ngf desperédydegcdiolt iagr afff t he

preferred enbodi nent with the acconpanyi ng draw ngs. 48 BRI EF DESCRI PTI ON
OF THE DRARAPNES /Ry Wi thsT&9BFEcko df é&r"é‘rﬁisld“-weﬁét BELFYCPIPESREE AR t he

strucir eaoﬁa?_‘kp%tl}t ngegy%enmnéﬂ%' %ﬁé&% Ry %ﬁgﬁdé’éif{y and q%scioc! or.
printer 1n one e odirment accor Ing to he presen I nventti on; 1g. 21s a
bl ock di agamd | hugkr abkNga SFBIW8E€@ 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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configuration of the printing systemof the enbodinent; Fig. 3
schemptically illustrates the structure of the color printer of the

enbodi ment; 10 Figs . 4A and 4B show the principle of dot formation in the
color printer of the enmbodinent; Figs . 5A and 5B show arrangenents of
nozzles in the color printer of the enbodinent; Fig. 6 shows the internal
structure of the print 15 controller of the enbodinent; Fig. 7 shows a
process of receiving data output froma print head to a drive buffer and

' d ' h I nti f th di . E.gs. _8A th h 8F
ar o per Spttt i9e SR Show SPTHES 20MEHIT | dgod i { SORBBEAS: oPEREZEM of

: ; CE _ , i d
printer Oécﬁlé'gll%gpg(y xﬁEEﬁ?d dfgaﬁcegél g?ca IlfTJalg;éQESBRE iBBV‘Ed‘QoBQ%%{l‘éZ

o t
quantities o consunptl! on en na S are print ed wt

col or pfié‘f@ét@én%d@@@ﬂiﬁﬁ%fﬁlﬁfali% ¢ AR reet0eHK Y iAW brliyshgating a
storage 25 element nounted on the side face of the ink cartridge; Fig. 11

shows t hea porinhenbesad{ wietch stoeatdsidottheishditegplekreitnly of difi€erekt

cartridge; Fig. 12 shows an exanple of ink conpositions used in the color
pri nt@r O*n]gﬁeprérﬁami,mr}g Apdium, based on the control information,

so as to print 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 a dark ink, the plurality of basic color inks being
10 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
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 quality
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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Fig. 13 is a graph show ng the curves of lightness with regard to the
respective i nks having the conpositions shown in Fig. 12; Figs. 14A through
14E are graphs conceptually showing 5 the spectroscopic characteristics of
the respective color inks used in the color printer of the enbodi nent; Fig.
15 is-a graph showi ng the spectroscopic characteristics of dark yellow ink
that is designed by utilizing the degree of freedomin spectroscopic
settings in 10 a wavel ength regi on of |onger than 650 nm Fig. 16 shows

expr essi b Vo Of Scomd it dohs witarkgyeh! ew & prutashegtopfbRELBLI NG
paper; Fig. 17 schematically illustrates the appearance of an ink supplier
used to faekbnisilgsphiyd dhe darkdnkhererdpaariredgbases ¢ dhelBapsings

fl owchart showi ng an_i mage processing routine executed in the enbodi nent;
Fig. 19 sHiR®ESd tBn3eVaRef -t abhésusedangefss te #PSHTAS Eh e Gaickoandnd 208

tually. sh tbod_of determining,th f formati f dark ink
dots I n CHECWOR ERbORTRENECR FO8. 051 AMENH051875RA% SOBARMEIArT on process;

Fig. g2is afl rﬂ)"’lrutras_l.g,w _¢ aagkeaééz@{imsog%%%ﬁ& t e 186E0tn

di ffusion nethod executed 1I'n the enbodi nent; Fi oOws an exanp?e of
wei ght s aggat ink ,t fite piaRReSS 2hk pfardl thusigig dhenklir ort By phereravle

di ffusion nethod; Fig. 24 shows the systematic dither nethod; Figs. 25A,
25B, and @5 shewdpskulink fvfs g hukatlese donphreabhiierobfthichgedadowr glor di ng
ratio with regard to each color ink in the case of rinting a gradation
pattern fFOHFE &fs dheohigheptabkohf pASE HRNRY dh&ste 1GOEOLRE ERbBdi ment ;

Figs. 264y 268, ;AN 260 SHOW ¢ eSHLLR.OF SIJMald Ve gorpuL abion, of fpe dot

recordi ng rati o” W th tegar eachcol or case of printing a

gr adapi ot 1l hOM BRI aipide B! fedcVEid éf@?f&hoﬁoPré{‘EﬂnQﬁgt he

enbodi nent; Figs. 27A, 27B, and 27C show results of sinulative conputation
of the dathea €cardingsraf ithewiint egarttdld eaath realordddk Mhet preesase of
printing a gradation pattern fromwhite to black with the color printer of
t he enbodinfegntiam s ghuogirezgmad gind a2gecondwndengliisimof ini vhiahi ge
conputation of the dot recording ratio with regard to each color ink in the

case of prRFETILC PP IAL bH PRELEIFf B reR St BF dk3NF P he t RRNRSF or
A T T A S B
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 yellow 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 dot recording ratio with regard to each color ink in the case of
printing a gradation pattern fromwhite to black with the color printer
using only the three color inks C, M and Y. 20 DESCRI PTION OF THE
PREFERRED EMBODI MENT One node for carrying out the present invention is
descrirbed below in the follow ng sequence as a preferred enbodi nent: 25 A
Structure of Apparatus A-1. General Structure A-2. Structure of Ink
Cartridge A-3. Dark Yellow Ink B. Inmage Processing 51 ' B-1. Process of
Converti ngfResel widigtdd.2. Col or Conversion Process B-3. Process of
Converting Nunber of Tones B-4. Binarization by Error D ffusion Method 5
B-5. Binarizati @helmg Siyst eristd cabbther NBidwidh IR 6appidtiedtdomn Ppdcegse C
Results of Simulations C-1. Gadation Pattern fromRed to Black C 2.

Gr adat i on TPECFEAR ST MeRAIVEIYe it W 0B & EPEFIEIT POosEAN dPPat@nirgm

Wiite t C4.. i ta Print th F Col
Aol | cat BE TGRS vpE CHAr BRI |PREASE T BBt BB Apar s A1
Generag S &%%teltllrtel‘}i%e%ltg.onl ilsS tRAudl Q%eg éﬁré@§%@£dfﬁé|r¥edi&&85tiﬁ“ ng

the structure of a printing systemincluding a print controller and
printing sppahakuspeatidie erefidienls aceerdidny ino 4 hﬁm@ﬁﬂssaﬂtreau/ﬁue on.
Fig. 2 is a block diagramillustrating a software configuration of the
printing Sponem.of Thhespadbliawmogrzin Fhcupt ine s ymeydiosne f s arliesing
conput er 80 connected to a color printer 20 and a color scanner 21. The
conputer §97&&ds éﬂHOESE@EEtPés 1P e TR BT B BHPRNELE 0 dotFct WHAR i

com et A £ I S0 08 0558 O S e
10 creates dots with the plurality of different inks on a printing
medium, based on the control information, so as to print 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 yvellow 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 the 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 quality 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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25 color original, that is ) an object to be printed, into color inmage data
ORG which are in a processible formby the conputer 80 and input into the
conput er 80. The conputer 80 carries out required i mage processing and
further converts the color imge data ORGinto image data FNL, which are in
a printable 52 formby the printer 20 and input into the color printer

20. The image data processi ble by the conputer 80 include those
representing i mages read by the color scanner 21 with or w thout subsequent
processi ngpg3spMel dpFeitapeens egerﬁﬁéwanmqeén%i%n@fata%omaﬁzgw ety

of application progranms 91 on the conputer 80. The color printer 20 creates
dots of vankousarcntioigedsnksian whisdteethef durknt isg kgaper b7ked parestemet | nput

i mge data FNL. The series of this procedure enables a resulting col or

i mage cor iBypohding itso times cdisecitpdgdodan bk paaertréfoehdet@chadit er 80
to be printed on _the grinting Ba er. The conputer 80 jncludes a CPU 81 that
carries offtachsrl EPyacPTHPELEY| BRRATALUROWIRLCh REEARF 3 10GHS APt

i nterface . oyt inte .85 _, : | G , a

i sic cont Por s O b IbULEEE siks Fochlsf e Bt Tl PG o T 1
88, whi chcatermiikaldne comtacicRdwYth chduhoddelrotald ayrédsaRTRremaan Of

data. The CRTC 86 controls output of signals to a color display CRT 23. The

DDC 87 coambiolks déhe inBnsarssidget Geapd fthemednf ladxilgasdiogle dnkvea®5 , a
hard di sk 26, and a CD-ROM drive (not shown). A variet% of pr%%;ans 20
| oaded t oPEhEUFRM-83 &R d- ek dduitndd 1) ePRéredysg1 dRe hnk a3ty idde fdsyr ans

ided in the f f .dey] ' . St din the ROMS82 d.th
Pard di Sk“361h GoRBEE PB4 of PEhckePBS BB arEA o HUBFE 1ot cpbE T k. PNT
via qgmdﬁgggggen%bl %ﬁ?%é@&&%@ha%gwﬁragﬁ t@i@%tdo%lsﬁecg}otno the

hard di sk 26 froma serer SV on an external networ A sup power

to the cosnuteandGaaaki vodestibel operat itihiSyst enst asLsh & NcbherRAMK82 and
the hard disk 26 and a variety of application prograns 91 under the control
of the opseseadechgdsgstenf B3 pIthma ity fhbastier ce@oof 1nkssbehtdiowert is a
color ink_jet printer that forms dots of seven different color inks, that

is, cyan, IFPghPeEFatNatadditta, OF ilgit FRifehtel BRTIOWOUAFkIYEt ow, and
bl ack inks , on,g. ghget of pE n@ﬁ%@.@_ er .and Hg%%eb 0> %Hé'uﬁ}f%ﬁ¥%§”.
p in Ten ectric

[
i mge. The ink ?et rinter applie I S “enbodi USES™ pirézoe

el emerg s Bpph@a@i@Cknhbk o35 tHeSprsaednbaiSpard BEsPES N LEa FBYG o OWAME] . have
-a print head that ejects ink by another technique, for exanple, by neans of

bubbl es t hat aterigemnskat edis ndascrhkedompduividnslay suppiy Hirehoemecttricity
to a heater disposed in the ink conduit. In color printers driven by other
princi pl e§nhapgesexdepldegies et pFreedes dndspacifaratiansPdr the sadrs |

th i f f teari | i t inti di ur licati f
a Var ge actey ST« Rbap R eaLHY hoRBoLr LY 1B CciGe
probl ens 9Eshﬂ%igb°5fyﬁiﬁ§“¥ﬁéqé-' The techni que of the enbodi ment

e

di scussed bel ow may "t hus appl 1 cable to such col or
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 absorbing 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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printers. Referring to Fig. 2, in the conputer 80, all the application
progranms 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 i mage data output 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 imge, for exanple, by retouch causes the 25 input imge
taken fromthe col or scanner 21 to be displayed on the CRT 23 via the video

driver 90. This enables the user to cajry out the requireq inm rocessi ng
Whi 1 o' ch@bRTHEFLARAEN SHPEYER. Plnddicort 1HEb BRT-99Se B Sty cobPon
progran1%%8k§§§§§ @h@fénéoﬁér ijhpstruction, the printer driver 92 of the

at

conput er recei ves 1 nmage a fromthe application program 91 and carries

out predet er m naf aFRIRARICRCHS Bh NHE 101 ORI bherbpRBY ol ABPEI AL Roh0 | MAge
data FNL that are printable by the printer 20. As 5 shown conceptually in

Fig. 2, tdfetheagespeotdsyiend ioar,rtied dartk inktHeptpinnties ik vertB2dgs mainly
classified into four nodules , that is , a resolution conversion nodul e 93
, a c8l ohamnversion nodul e 94, a hal ftone nodule 95, and an interlace
nodul e 96. The details_ of the i e processing carried out by each.nodul e
10 wi Il be di scitsed PRAERSCRRA StrGodis Lo dbi DEAEY (HF of FROBILET | ver
92 are subjeshetnd o LAY 1HR0G1R1BARSShAGEPES IR, Rt ddihiRORAC hUE
nodul es and are output "as the final 1nage data FNU to the color printer 20.
The col orofprthRéedaz® ofnk hi $heshodismenibsioast Wl 1 ¢ah An@dlcatineyi tos
processing but sinply 15 creates dots according to the input imge data FNL
A nodi féharapiptTtation wame lchowdy eregtanseft heneollaspei wodior20ink carry
out Srt of the |nmage grocessing. Fi%. 3 schematically illustrates the
st ructur EOFETHRA R brohr Pt L2021 AT¥YhPE BABLHI ARACT. 1PEicol or printer 20

has, 20,2, MRCha g P Yo cBr LoLbea. A1, YO 0,002, SoUTL 0B, 4 1

i mpl enent i nk ot” Crea ni's movi N carriage

40 forwarigh and, Pagkvar gn el aNgyanadntscah FiRhakeme3t, byaikanss oiignearri age
nmot or 30, a nechani sm of feeding a sheet of printing paper P by neans of a

sheet feeabsthrpiotwt t¥5,o8Ndtlee coadI@ttedr s i®©0. cdhernethrni $m othe
reci procating the carriage 40 along the axis of the platen 36 includes a
slidi ng stragerhatis| vaaplgnathdseghencafr thge dagkadmdig@dd n paral | el

mﬁthlghe axis of _the platen_36 , a gulleé 32 that is |linked with the
carritdge notor 90 A FeAT dAdEsEcLght BPFOEPLAVEtE1EBANHEdITRRFBet ween,

ggf‘r ?apos‘%ér?%]ﬁl%%%o(fa%ﬁet baty @%&éﬂf‘tﬂ?ﬁé 9N 8 EQEEBEE@ BaQhct he
ge : e nmechani sm of edi ng the printing paper i ncl udes the
pl aten 3&o1dheighes! o eademhefitnd3Peliah bet atesntiheipbatesxdbpt 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 quality 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 further keeps therein

black ink, which is achromatic and has a low lightness. In
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5 a sheet-feed assist roller (not shown) , and a gear tr~in (not shown )
that transmts the rotation of the sheet feed notor 35 to the platen 36 and
the sheet-feed assist roller. The control circuit 60 transmts signals to
and froma control panel 59 of the printer 20 and adequately controls the
operations of 10 the sheet feed notor 35, the carriage notor 30 , and the
print head 41 . The sheet of printing paper P fed to the color printer , 20
is held between the platen 36 and the sheet-feed assist roller and fed by a

pr edet er i Aeg b £RGb Ny 2EEOLHL Y LRoPnbP! BLL0RLY 2B0M B! chRSOR! Brenyds. 15

I nk cartridges and 43 are detac y attac e carriage I n one
exanmpl e, ghesémk Gardritdge, 4hdaskoshytbiagk {udthek s tthereiimh awher eas
the ink cartridge 43 has a total of six different color inks , three basic
col or inkkegsthate ikightylark ( wdich hamsgenbae($4bstantdinélliyondén¥ipailnks |,
as well 20 as three additional color inks , that is , light cyan

| i ght magehtR 1{hfl_‘I\/IC)f ataﬁ&aééir ROpePASHE (CBHOY Mk Seladind é’lfnsiheNamel y
th I d k K d to the stand K, wi th
cgard (P PEThEYafa Prghe taOFnLBS PhbreiboTRE SeARARYG hAR WPE regarc
to cyan agp @@geg£aleggtTgﬁecgggh@abbggroﬁnkhese inks may be changed. For

exanpl e, the dark yellow (DY) ink, the light cyan (LO ink, and the |ight

magenta ( LM iTke rmy:abﬁgelﬂ&i,nt off Béépkﬁ§ arar bffi tigese imkanot hadiexanpl e |,
only the dark yellow ( DY ) ink may be kept in a separate ink cartridge.
The structartde darkherk imkhemsamseink cartriidgessaver ee d10§@ls§9§0i3n

detail later. The ink cartridge 43 has a storage el epent 52 see Fig. 6),
in which Eﬁ%&%@e%ff?ﬁfB?%a%?%nca¥B¥1@Q%ﬁpl%OmQ?Fﬁdr@QEPdSFBaFﬁEeréﬁﬁlnlng
gquantirti e CLive | r tor t e t 52 has
quantpli 65 .0f 1 8o L SHREC YN delihun A1 £ 1849 68 F2 Tikd QnadecALEERL

Inaccordancew1thanotherpreferableapplicathmlofthe
present invention, the ink cartridge further keeps 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 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. 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 arrangement 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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and reads the data regarding the remaining quantities of inks into and from
the storage element 52 via the control circuit 60 of the color printer 20.
The details of the process of reading and witing the data regarding the
remai ning quantities 10 of inks will be discussed later. The print head 41
di sposed on the | ower portion of the carriage 40 has ink ejection heads 44

, 45 , 46 , 47 , 48 , 49 , 50 that respectively correspond to the K, C LC
M LM Y, and DY inks. Ink supply conduits (not shown) are formed for the

15 respeciy ! kAt s Carhl . i

cartridgegﬁﬁge%ﬂgﬁhgﬂggg%ggﬁggﬁgﬁpé%i?ﬁ%ﬁggﬁfﬁgggégajﬁhsﬁégg2?%2??%&@ i nks
kept in tifwkink 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 Ok)taechakaeferfisbhchwadeldagthr vaghoblthatejfiscmedtilyom t he

print head 41 to create dots on the printiﬁgnfaper P according to the
t echni quel®ia sl HEr W aTg]) O T4 AOShBRst R Rer f8e shpgectrEistiche

int :head_41. F i ght I f d_in, h .of. .t.he_ink 25
6] cct Pon KBAERCHTE DI SHDR" SO EaPS BEpOII TR th ot WY BaLCHNE GoFBRSS Each

nozzl e hag, afgeimkxgaie%&}ni% and AU AORMRCHd & §lLMESY ik Ardgaged on the

i nk condui t s known by those skilled in the art, the piezoelectric

el ement PE def o(B% d hneaarysiwd oFt abed el byt apE thatipgniaftiee vaktiage and

i npl enents r 57 an extrenely high-speed conversion of electrical energy

i nto nmecheangal expengy. the tdiaramisydisteint  warehengpheseagi@i t agbiicy
appl i ed between el ectrodes on either end of the piezoelectric elenents PE
for a prcBREesHi hEEM LRE 5&r %98, the 5 piezoel ectric el enent PE is expanded

for HQ@ pr edet glnegnkingéggg&ggﬁtoogefgﬁg1ogfﬁegg%kmgékagg.the i nk

conduit 51 as shown TnFig e Vol urie”of " I'n Uit °51 F%??educed
accordi ngai e A E¥BAYSI P8P e 4,82 Q8! echki G Bl &ENtHRE £H168LLAIN

gquantity of ink correSponding to the reduction is
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
& lower lightness than that of the yellow ink. The present
invention is also directed to an ink cartridge that Kkeeps
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, 1ight cyan ink, magenta
ink, and 1ight magenta ink.
The arrangement of keeping these inks together in the

same ink cartridge saves the total space required for the ink
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10 ejected as an ink particle Ip fromthe nozzle Nz at a high speed. The
ink particle Ip soaks into the printing paper P set on the platen 36 and
creates a dot on the printing paper P. Figs. 5A and 5B show possi bl e
arrangenments of ink jet nozzles Nz on the ink ejection heads 44 through 50.
In the 15 exanmple of Fig . 5A only the black ( K) ink is kept in the ink
cartridge 42 , whereas the six different color inks , that is , cyan (O,
magenta (M, yellow (Y), light cyan (LC), light nmagenta (LM, and dark

yel l ow (DYarthkdgeare &eppatrsdt heitk sspdrdttge iqk Aecamicdalid otheft a
plurality of different inks 20 in one ink cartridge desirably reduces the
requi red hudependéntihk kaepr cdgeofartdhetsioe itndtsalthepyzsien + equired for

attachnment of the ink cartridges. |In another exanpl.e as shown in Fig. 5B,
the DY ink may b AGHATAARGE PRED QNS RF ABAE e PRPLAS SRS PHERE AR doe.

In still [ np , DY..i i dyY

i nks or vmg%%&fﬁgéﬁ'i lﬁﬁé %éggﬁ%t ‘?% 1&?%&3%&5%};%1\/%0% #or{z]gllé%grbr%afslglt, ? rom
whi ch gt hep g @aREeEd VY @ hadl Phe iddh A8 BireEh&Ge 1Ay fiakMedwhBnthaakatham f aces
of the respective ink ejection heads 44 through 50. Each nozzle array

i ncl udes imaty, esgbh rEZz esaMNIs@apangedal porigzag 58is prahtadpr ehet
nozzle pitch k. The forty eight nozzles Nz included in each nozzle array
may be areengedprtponl Pntbat darksveddowf inK kegdagtoThe girgaagrathamgenment
shown in Fig. 5A, however, _h an vantage that the nozzle arr can be
oo gned FBEhaGRSRRLLRE] PEndDe Beploeh IRX RefBP PRESCALFPEPoGALY: A | nk
ej ection : Y I i I
position ?ﬁéﬁ%’éﬁm\%ﬁg&gﬁ’g&ﬁ%& ?%ﬁﬁgﬂﬁ ?5?1&’8{ E %Sgﬁghéhﬁgzlf{ges

i ncl uded tResachwdnknes eed i Jwrat i @ takhdREeE tik12i0Aae, skhe tdmeqzzl es
are also shifted in position in the noving direction of the carriage 40 .
The cont rBhisi recwangeheoft tdes todlply preduees2City i wastéehefr egpecbyve i nk
ej ection heads 44 through 50 at suitable head drive timngs by taking into
account tRFePhBSPReBRaPt dilte dmdncas taridate AdzYNaSh AnehENE GUF IE &t UWRpvi ng

15 th | 40 and dri vi h . .Fi.g. .6 .0llustrat the int I
structur OBF Enbabdn AUEIGLFOIPE 605 RS Ao PRI SE The control

circuit 60 inclges 7 Pk 6156, 8nRROM 625, & RAMiG3ectadPCbNtEY f ace 64

that transmts datato and fromthe conmputer 80, a peripheral 20 equi pnent

i nputl-bout pattuntiye( Ph&r dephathdransddsk dadd dw and, frrigmnd keasheek f eed
notor 35, the carriage notor 30, and other elenents, a tiner 66, and a
drive buféfed ByghTheagknta rledar dThg ehrangementngf dieeping ddiegfe ilnks or t he
guantities of consunption of inks are read fromor witten into the storage
25 el ementC82thaEoriforidtedSfict HEK fkatart49%geanssyitd & he? Brb 682Cthe
drive buf u i S : on/ ignal.s..t Lnk .epection
neads 44 TRPSGERTSEOE TEREC B cHRREE 1 H3Es b ppE O Rudn: BablRe R sB"C' 1

al | ow trapght 8888s0thalatihaeftth dFE IPlkedy 6Hbt 0B Hdld QMK d REEWAes .an
oscillator 70 that i 59 outputs driving waveforns at sel ected frequencies

and 20di séhebuaonatarahaimdist r shuheast helantiputpef bamat perasaiiltl,atier 70 to
the ink ejection heads 44 through 50 at specified tim ngs . The control
circuit 6PTEBR8Hr UdIGSP ABKSHIMOFReRiQPNBIBG meERVidAN FB e gighRr daks - FNL

t t f th t 8 dt il t I t [ of f i
"1 The RATRATHRSBBENb 1 BRI E REedBr T Hat & LG Hak A d o0y E7E6 at
preset ti ﬂhi@g%xﬁi’ﬂﬁgrﬂr@g@ I gWntch 1he 19Penatdoans: Rk dhe shest <hagdemptor 35

and the carriage notor
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 quantity of each

ink kept therein in a readable, writable, and volatile manner.
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10 The foll ow ng describes a nechanismof creating dots in response to the
dot on/off signals output fromthe CPU 61 to the drive buffer 67. Fig. 7
illustrates connection of one nozzle array in the ink ejection heads 44

t hrough 50. The nozzle array in each of the ink ejection heads 44 through
50 15 is included in a circuit , in which the drive buffer 6 7 works as the
source and the distributor 69 as the sink. The piezoelectric elenents PE
corresponding to the nozzles Nz included in the nozzle array have one

el ectrodes respeest Vel yre®meed @kt fort éj'aQ:SﬁQfgt ithe eulaRiti thelod Baky of the
drive 20 buffer 67 and the other electrodes collectively connected to the
out put t eink nedptofir ehediisik icuttari dg@ ehbardsi thagpwauetiagnepetathen
oscillator 70 are output fromthe distributor 69 as shown in Fig. 7. Wen

t he CPU &amm §hteh'enﬁ@¥meh#@flfWisﬁlgﬁ&lgélréft@ Héa aspud@iteerABR2NE89t 0 t he

d buf f , | | ect E
Si gnal A€t ToER S Te€portEt 'efﬁaini%v%'ef G R SLYcPEFRER AR E ey
Part i gl es, 4 ALt hug, ‘pﬁg%ﬁat "om g RBzzLes (gorsasanding to the

pi ezoel e T c el enen have received the S|gn fromthe drive

buf fer 67- 60 THo® teHLe BEVAEEIidL BV Y tHE 1RRT dHBE 1 888 Hrhakon
di scussed above drives the carriage notor 30 to nove the ink ejection heads

44 t hr ougdn Snlofqtaet i egpeofoveatvbor stoehgei ¥eedo whécprint angepapér P in
the main scanning direction, and 5 drives the sheet feed notor 35 to shift
t he pr|nt?%dﬁbyﬁéﬁtpnlﬁl£S§uB¥§3§hﬁFﬁ@t&PSe@Ppéﬁatwﬁd@?dﬂﬁe“@6%¥?Gpeof t he
control c1r uit ad 41 i s, dri e ti,m ngs, while
Che mai n beepEhabten abin (o M gtk T aRReReRt o AR LBy o
printer 20,2c£pg4LN Eysggkghs a color 10 inage on the prlntlng paper P.
A-2. Structure of Ink Cartridcre Fig. 8A shows the appearance of the ink

cartridge 43 attweheces ovtet €0l Oir Pt iiH erro20etbiniphies @nrbedidramiea As
menti oned previously, the ink cartridge 43 has the total of 15 six

differ enttlmlsmoziaﬁesdewihatot any gyaa in th stdiads d@yva;m:e( a@@e)ssibﬁragent a
(M, light nmagenta £ |OM/%Y), and dark geIIOM/ i nks, BF
therein. % coOPmbELEF8R SFrﬁtpPMr Ret DroRtdres @PRACALH s |ﬁt85én9nﬁ

cartridge, r?@é%&‘?iéﬁa ggg%%albﬁ ??ghhﬁglﬁy %rngéh' P ”th‘i s -and the

t ot al space require ment car he I'nk

car t nisdgesysrPass tige LG @i SERINE 0 2 Ay 1 el it E_H%OE%BR@Mn J nowkisch

various pieces of information are stored as discussed |later. The quantities
of the respeahgemenolalfadikbvkepprevenhe tik iadotriadgedBodrewdetéenm ned
according to the expected 25 quantities of use of the respective col or

i nks, so &EomobedRngsfgsthevrdl bowengtiabaefbnshe ThewquaAtPPyyoP Lt KBEDY ink

is set greater.than the gquantit of the Y ink. The quantity of the LC ink
s set grieateriPAaAPPREAGHANLRL Y151 CPHESE PAK: ?h&r&m PG LM i nk

s set areater ifian {0 ALy @b B8 Blo M idlees R Ald SRGOTERL of

setti ng t he quantltl es O in one ink cartri ge accor I ng to the
expe@ned manﬁktswppieﬁsesoﬁsébetbeﬁee@taveuppkﬁ épabhesadakk th® ¢eol or

inks to be used up at substantially the sane tinme. Nanely this 5
ar r angeneite rigduces tirligigrasse @$ tamkcontinue creation of dots with the
dark ink and print an image of high quality. 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, wherein
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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Figs. 9A and 9B are graphs show ng observed quantities of ink consunption
when natural images, such as | andscapes and portraits, are printed with the
color printer 20 of the enbodi ment. The consuned quantities of the
respective color 10 inks are varied to sone extent by a variety of settings
in the color printer 20 as described later. The expected quantities of use
of the respective color inks can, however, be roughly specified by such
observed val ues. Fig. 9A shows the nmean consuned quantities of the 15
respectiv, I DK S r i LAl j i pcl yein
Iandscape%ugg%gp%é??afﬁé£hF%Q?ﬁégéégﬂ%%P5%?E¥giEﬁggﬁg%§§§%?ﬁkEgecgﬁguned
quantity @ireat8geQ! orné Nk seshedNiAstre keladlidvenk atdige £¥o Br MHaHeher M ned
reference value. Fig. 9B shows the consuned quantities of the respective
col or i nkSoRbowhrg ehaNaécsempls¢iicsage is printed out of high definition
color digital standard image data (1SO JIS-SCI D). The high definition color
di gi tal standar&®) nagehageataréssigprprEalrRItRerPEiRPothEvisnReEtdAt a, SO
t hat t.he jnput i e data_are conyerted to iyrage dat d output to the
col ortspr i h?gruﬁ%gggnr ot BF‘i"ﬁﬁFﬁ‘&F\(‘Trﬁa%‘? vggcﬁ Odor%P egol iajr(ljg)nirrl1mb01r;.E ®Figs .
oA and 9B.£gPLeeentstie QRYETYRGCAUABLILL CSAind K SARSEDIL O iyt il e
color printer that goes not use"the DY iInk but uses only six inks , C, LC
M LM Y aandsKo18 pepgeheonabtihay beggemigenehal hyie62f thavend ;| ange
fraction of mediumtones , the greater quantities of the lighter inks ,
that is , the LB) ameanmhMe pifsabsarpt sty tod phé may he e vigibilgages.

The DY ink has a color that is simlar to a mxture of the Y, LC .,and LM
i nks as de¥RITbEFFAG: ERC FRETATHEIHES §ifagBeVEARNEhTs TE 1 nt ?58189

cr eatyinng f i nk, .i-nstead of creating dots of the Y ink, the LC
ink,lgnd'gﬁééfﬁlf%gﬁ ?ﬁg 2§r€8§'of solid line in both Figs. 9A and 9B
represent the opgerMad stippntilcd BEs0fnd Blea0Q0S UAR e WS- ey tDXebBk as
well as the other inks are used to print 10 an inage. The ratio of

repl acemeat iafk tiheaYsdalsngthenhér dairs] tawadihkesbph doptin i tthath€eBisdot s
may be varied according to the conposition of the DY ink and the usage of
the DY dot suppld séushegeladest inkre Ebagnk eadémdyges, HRbadvey hayaasr st ood
fromthe asurenent, results, shown jn Figs. 9A and 9B. 15 cl ea

inder st oohs T The BT SR LY BT ) G788 (BgbE SemtaidbAbe aRated
naturgl ifRgerlsepybated pshn P e $AASHRPLEGR oAl oEN@RRY i nk
tends to be gfeg?er ? an ?ﬁatggépgﬁeggggﬁzc(gegethgacurveg 8? golid line in
Fi gs. 9A afd, 9BhichAmaiwnlyi cradprieddusle/ hide | &f gehOumhR, ©F WbetYydots,
20 the LC dots, and the LM dots are created to print a natural inage

wi t hout ushagudhd DY dbeswavedengitd cunges odf 496t thed Yd rfedd mnki g¥hi®A and
9B). The use of the DY ink enables a | arge portion of the Y daots, the LC
dots, and"e®@sS | Wabtidq dkeTPEPla¥cRBF ct G the RE TR 4BYs. The gk has

measur ene r f. 25 F .. 9A. and he consunmpt.iQn .of _the DY ink
is appr ox&rr%t"g(%/l‘l‘ %gaulb % O? haebgéﬁ Eﬁﬁ% ?Xnoggq(entéﬂay %Iﬁk&%\s"lisﬁbtlﬁeréggg

W thout thecElt Qs chhRakbh@ 8338 cMAPei 885D AQ)ion, LS EMSIEY FoBmOf the
LC ink tends to be greater than that of t%e C i'nk and the consunption of
the LM inkOtemdsd®n r TB3 s mbangreatertidamk hat afldwhd idhtmlesskor maei on of
the DY dots enabl es reduction of the nunber of the LC dots and the LM dots
and t her ebyXehauieg Fherebtrrapherintios (he mask r(RYibh 8FCPRRiBGLY. The C

dots and the. M do ar e, accor dj ngl eplaced 5 with e re j.ngonspi cuous
e Sote a1 REC R R a0 SR I X pkoP B Ghed e hil, EHE THES 4P AR oS
and the McdtsywaihLes ARt signl AiEant | ¥sd@ry N Qalefuaher s@hrt he LC
dots and thg L:k/lndots l Incthe ca%g w%t St(ﬁe&ﬂw%&%q@% the consunption of
the 9B i nkhés ibuss@peaier thantideifRnsaibidy0fetdelés 18onmknuadng t he
consunption of the LMink is greater than the consunption of the Mink. As
shown in fFrgat8ont hé dakscuithi tye ddriofinkhet @msoidihem inegea ofr ddody
capacity of the DY ink than that of the Y ink, a greater capacity of the LC
i nk than P’?‘IQFUEF fH81Etnk, and 15 a greater capacity of the LMink than
Zgat of the MipK. NGMELY1ERe: FUAU | {85 Y1 i dIKSa b8P ¢ d h A8 d I neRfel 1T dge
the following characteristics:
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substantially correspond to the observed quantities of consunption 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 enbodinment, the Kink is kept in the ink

cartri dge 42, whereas the six color inks other than the Kink are kept in
the ink cartridge 43. The conbination of the color inks kept in the 25 ink
cartridge is , however, not restricted to this enbodi nent , but may be any
one of the conbiRpatLo S i9Q 4Fi: QS . I Qu . s of
Flgs. 88 through ar™ PR aroisusd id o SBEPLAIR MAnde, off JUIE (B AT
ilTustratpbanag MingedaehudotcifRAR t hatgonly the ink cartridge 43 shown in
Fig. 8A has the storage 64 ° el enent 52 but the other ink cartridges do
not have the st §Bageseltementos2of smatllierchisan héCeon@ Nubsel DEhnomaal one i s
kept in an ink cartridge as shown in Fig. 8B, there is no necessity of 5
repl acing the i ﬁl%léaiflgi HEE ¥heP |be HS sy asnikhesdaskpiakel A EP L OfThi s

perfectl| ts, te of t DY.ink. . Si th
b BB RS Y O BRI B i Dl oL 86 b, 1
is prefer eglagt%g_ns%tfo%ecscqﬁatq{t Hfadhe 4 i nk greater than the capacity

of the Y ink. This prevents the frequent replacenent of the ink
cartridge of thenb%ddtnidhe oifkhé dirleisledidei né it L &g meiy ve Diip1Rinedlt@e kept
therein is attachable to the color printer having a nonochromatic ink
cartridgepyf arpegrgmphecodn thi&tcaststogedfion dlaoputdk: tdsiaitgairspde al
printer driver for the DY ink 15 available alone or with the ink cartridge

of the DYIPRRTARAS 8 HieREiotioT ERELHR. ddts Pavet PRANERELEEForoBH il er
t hat S ' i.t.ho nsider.at.i of  the DY ink. eation of
t he D@ﬁdop gggﬁggﬁeggggrﬁﬁ%&geg%f&E%{glﬁp%%: urlg“}qe&%ﬁri/ o) uessperé(r?tbg&e ‘because

of the re@paNgofbetdss el chakecut@s! RnANYLRSE %3P nAWA S Rirfiltden 8C |
the three color inks , DY, LC, and LMinks, "are kept in one ink cartridge,

wher eas t he drmhaerp:t@gm*amod’:oaeinka Eirdt Yosamible naypbeckepbnt ogetdher 1 n
another ink cartridge or only the Kink alone nay be kept in another ink
cartri dgePseganat ényerytdanstis [tharfotth@rodem soggrt dindgdish eha&ethody] and

Y i nks . Tté]e arrangem&nt of _keeping the three color inks,,. DY , LC, and LM
i nks , whPEnCEPBLEEEdIPHS| ¥i-§B Eua PFELEY 1 of it ehes britks myes® 42 shown

in Fi - 29A and 9 get her_j [ tyd X r e
ot herﬁ%ol Br%llnﬁkgnprﬁgan?érga {lygpﬁ?%%/]%ﬁ%ggtrﬁ%dgﬂ%t# gﬁﬁ%&g%% )zér?h{ regj-S
i nks whenrealwuptike MdndC, amgle LiNbitRKS AR WAS8G 4 e PELAEABNE |03 g€
nunber of natural images . The arrangenent of keeping the Kink alone in
one i nk capecidyd nge partaoel-w ffr oontdid iGn sVwidmd rédanids tal so pirefadridiyt y
prevents the waste of the C M _5 and Y inks when only the black ink is

used up b§TpPRAEFNGOLCF akes mitbét IS bEAKKPaRAIVPR R Hagda IS (&t das
document s Asﬁé?:%i;]tny the gxaml es af. 'i'ngcfé Ok?er%erighirégﬁr%ir%e':d %Q%h?én'enk may

be kept tgagt_ oneé or “a plurality o s in-one’in _
car t raglgeanbhe rof  FIGHEIY ad8sbhakhY: S8VES, e d9-kolAl nBRAGE 4 GRYL ed for

the ink cartridges)

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 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 regard 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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A special printer driver exclusively designed for the DY ink may be
attached to any one the ink cartridges including the DY ink as shown in
Figs . 8A through 8F . For exanple , 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 elenent 52 for storing data, for exanple ) with regard to
the quantities of consunption of the respective color inks is nmounted on

the 20 side f f the ink cartridge 43. As described, i qusly with Fig.
6. the CORBECHIMIUGP 20 B 1 RGH adtl Vi) £5 <8 v MBEY B Chek & IRt 1 nt o

the stora I " ol qui:ng sbrj ef | SGIJ lmﬁ{_' of

t he storagg ?l%%% er?o-ﬁlﬁtofend ao%\%lﬁlg:li ﬁ%g?itu?ﬁdged %%Sdézggﬁ g. tl(fo(?g an
enl ar ged ‘theweirkbisbhabiEngot 6, St03ee pehieaRAkyO3rnauntedent 1hes dwle face
of the ink cartridge 43. The storage elenent 52 has a plurality of
connect i orthiegreynaden th3r 1 Mireg i mkpramtinggerdBat $oat béictde troritheercars i age
40 of the color printer 20. The inner face of the carriage 40 that 1 66

is in R r GSLEEER &Bt 2 GAPLIRE maedadhle mggeex3 hakedprpPdlaatpakizes

connect or naot _shown) that are _caqnnected wth the connectiopn termnals 53
of e of SPEE BRERERE 057 SRRS ISHEY ARE S 194 bG8 S ot PEERGF RS ho
carriage 49 Qfpities LOLPILOHRELBIEI1 A0} nkBea R W LELY: Of teQUReEhi Qibut
termnals 53 are electrically connected with the plurality of connectors on
the carri agagé0datagl kbw phardat &yt bansas 58| @l detivged vdiens dambinddt er 20
and the storage elenent 52. Fig. 11 shows the data structure of the EEPROM
10 i ncor porigthecprien arietlxgoragecebeaent agRromabiauredalrs ithet Kadkefinkol um
of Fiig% 11 denote the addresses_in the storage elenent 52 seen fromthe

col ort'ri REFANSD 2 aftPithe YRERECRIFRIMTBFLIRRg. OF1 JHORE t FEIIREMRT of
the infor i reai.stered at the respective addresses. The storage .el enent
52 incl qugltbfg:%éltﬁ'%rléty s%%?%%je‘c%?egl%@pcte{lnaot aogeegﬁde%?%%%ggéapgag%gb. The
color prinpkalect}ebakl 68 PREMHINEAT | Y9 paRd MEbE LRI 1 ARE! Bh L ONS) Rfedat @
fromand into the first storage area 660 , whereas enabling only the

readi ng opergaitings sOf tidah athaamdhetisecoallestonagasarecac6bdr Baka and he
remaining quantities of 20 the respective color inks are stored in the
first stoPiPUdtdastbe mettierblonst bhe dwt onegdifr edndplaenagiiicr
frequently read, .for_exanple, .the dafa on the year, nonth, an at e of
it S0t UFEE Y 6 FHE BIRERLdGE Ohr BAST0r SATPE FHES sREBNthS e ea
650. The fiy $4,eStQ; Ar 04 o] .25 a ' fodPWES

addr esses tohan et gglg&teeo tar%g t?%cgn %Aolr gglg%%ﬁéilgl%gbﬂ é;sﬁgegsgl é(;ccadtl on lof t he
first storage parien iohf opdvLihi slater afiee fgetueant |y read fromand witten in,
to the region of the | ower addresses ensures the quick data readi ng and
writing operati énghiiyd pessdiplentaipgll imedess. oFhitheamraspaneninw@htianabl es
application of an inexpensive EEPROM for the expendable ink cartri dgle(s. As
shown in BEifg.2 MEOYFIN d5P 4 on 1fh&ichaihiTRERRANST t FESEGVifge AORWOY, LC,
LM DY _i.nk re stored i,n the first 5 rage area 660. The renaining
quantiti egng r?]}?_%lroensﬁceoctclo\?etrcooﬁ (?rrﬁantlg‘sonarozft (r%eoé S terdy g F élrcﬁt}p tl%g%aéed
manner. The rdeldriations! Rl AiUnGld N rand ke dackrwhanddiss dales are
destroyed, for exanple, by an accidental power breakdown in the course of
witing datiah fihe plenelnitygofudrfifierneas: Ofiks minsa Ha-iarte s meddum, thageagard to
all the inks kept in the ink cartridge . In the case where only the DY ink
is kept iRm¢ ﬁéeiwnéa?%rﬂirefgérwaifwn exenpFeto ANt RE LBRERN HF AR ty of
Lhe DY 10K S SESRatrdl HASaEhne! (RIRTA9° AhGR ROP%nodN e 105012y offge area

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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15 (year and nonth) of unsealing the ink cartridge, the version data of the
ink cartridge, the data on the type of ink, for exanple, pignments or dyes,
the data on the year, nonth, and date of nanufacture of the ink cartridge ,
the data on the production line, the serial nunber data of the ink
cartridge, 20 and the data showi ng whether the ink cartridge is new or
recycled. The conputer 80 reads the data fromthe storage el enent 52 at
predetermned timngs , for exanple , at the tinme of power supply to the
color pripdent28alandtmriies dfhendabas o8 ddlo23nkepeileohRgdgoantos itee of the
respective inks into the storage el enent 52 at predeterm ned timngs, for
exanpl e, plurhditiynef dbasbopietdnninds bud¢ prieowéng oghetmesonhan ghathe ti nme
of power cut to the colaor printer 20. This arrangenent enables the printer
driver 920fotBecBrALELPIoRESILE CREOTypEKef ANk IEGVASSR [HReeBTiNfsd@3¥hd t he

remai ni ng, guantity.of .each ink, The, color printer 20 of the e di,nent thus
enabl es aB%?% r?%%{t epl;inﬁ’tui nSOBBEPEt}%n r"é%gl%?fteoc |I\‘/a<‘a—:ll(%§3 %?]Eé}%%nt@l itne from
bei ng gusedy 4Pak A+{Ner 5AWE SOl of HAKR 4A itR8 PPEE 3hikONthrdb P prPffii nge112W
Ink Fig. 12 shows™an exanpl e of ink conpositions used in the color printer
20 of thearnbmdgeaent . Each color ink is a mixed solution obtained by
addi ng adequate quantities of each col or dye and diethylene glycol for the
adj ust nent of theywiebsinginpcpptaeldguearnd by ot big Spphiradlusefhe dar k
yellow ink_used in this enbodi ment is_prepared by adding substantially

equi val enPfqudift | Presedit prrEertBrhe qg@ﬁ SFFeh Vtenemgye RO cfan i nk,
and Acid i-ch _i . d of. t he ta. j.nk, -to D re Yel | ow 86,
which is Fﬁ@rﬁéitxf“’g hga;]/%l i elehd %ﬁ#hgn@%%ogiuﬁ%?l&f Ak i %ﬁje| | ow
ink 119 heMeEurdOity 0%t disk A KOs iR St8XaBRE ey ddoHl@i g YeldPWniakle may
contain the varying ratio or quantities of Direct Blue 199 and Acid Red 289
or may betorbpapedniipdaddiTing gprsymdrt guardntijomfmépodcBbadknglywhiacte i s t he
dye of the black ink, to Direct Yellow 20 86. The dark yellow ink may al so
have a | eS5N@BENtRASSHPL O raRPlieatbon86 BiFEHEHY dedaver qdanfityrdd of

Di t Bl 19 d id d 28 b ddi ter tit f Food
B ack 2 BRetaDLecRop RLCaER P E di e g P e e har H0eia Bulnte ey
be identi i i_f.f f . he 2 I ink. Th
0o oo E8he bR el 1 {LOMINE Iy CLUPGEAPToR 1823 YEunBL K. The

pl acelmf PhiehRlcrEed tOW &R s wilhCd piairhhe tyedbf @w fha-disednker, 1herseld ow
ink. As clearly understood fromthe above explanation, the dark yellow ink

may have thedmiteolithg deéahivhont basedwbbh thhe pBuraabiyiaf doffeapndduci ng
colors in the color printer. The dark yellow ink has a | ower |ightness than

that of thBX§el |'Dhe iR 57 §TEA tERALE K& f B UGRAL Kiahohdtaekpreder
h i | | one, ' lqr in 5
ac fo”at!fnﬂéfagﬁc Nl O,Ee«ﬁetrg;% rﬁ%&%ﬁ%ﬁg@fgd%?ﬁt ;ﬁﬂéo”&ht%%eﬁﬁ %]e' n

conbi nation W ofs o e magenta ink. 1n this

embodi menpiut-hei¥ySeesbhykief 86k Galker airdk chmbadicdsvadnt enke aaprhed mately
3 nmPa~s. The sanme control procedure can thus be applied for the

pi ezdkl ectoi expresenashPmakliecabedrt oandyehdils. oflOtle gharkldAkshihasgla 14E
are graphs conceptually showing the variations in reflectivity against the
wavel engthash [Wagielegqth r sgaient oof héigbloraligkepisenl sHbstirstdpBadi ment .

nefer 110,82, ELA%,, 1A N SUON 14 Lhe ey Q) 0, SHRLACLSL IS 162V
plurality of basic color inks but a lower lightness than that
of the selected basic color ink. The print controller
25 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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15 600 nmto 700 nm the magenta (M ink characteristically absorbs |ight
in the wavel ength region of 500 nmto 600 nm and the yellow (Y) ink
characteristically absorbs light in the wavel ength region of 400 nmto 500
nm The graphs of Figs. 14D and 14E conceptually show the 20 variations in
reflectivity against the wavelength of light with regard to different dark
yellow ( DY ) inks . DYl ink shown in Fig. 14D Corresponds to the DY ink
havi ng the conposition shown in Fig. 12, and DY2 ink shown in Fig. 14E
correspongegaad he tieiplkupsepey ext byasaddicngokoadkBl an& £hé pliracityrel | ow
86. 25 Since the DYl ink contains small quantities of the dyes of the cyan
ink and tkd dag&ntiakisnkad rtheddinirgrenr g hehelyeontroheigéproatink.( see Fig
12 ) , the DYl ink mainly absorbs the ray of the wavel ength region

characteristic f ftilﬁéhygplsé\?vbilﬁkagiﬁ’&ié!aétéoéll OFhttP BESHVL Y FHACDF ¢ he
el 00t 150,181 E0epgELTELERLRAE: o, S0 PR, 0 o et

i nk. Varying t Re q f'Ji S I"on of rec . an “Red 289
changes t Qg tabsPrpiirR1ibe LAY rdhsh MayrkenNGih £ egirene iaBanRed Rl stics
of the cyan ink and the nmagenta ink. Since 5 the DY2 ink contains a snall
gquantity eakcelieedyeoaf:rioheihfackaitikn hoaddhtiroh thetdeecdyeonfof el | ow
ink, the DY2 ink mainly absorbs the ray of the wavel ength region

char act er Wgthche i iy@hidiy ofy §ifi€ errntal sl si mr@asdsadisoepepbas sadis t he
wavel ength .region of 500 nmitq 700 nm_ Varying the quantity 10 of addition
of Food BIAEE BLERIGES HHES A BN SEREON 1Y hORBRLP gt PGF S H00 nm
to 700 nm, I s of Fi 14 ag te the. diff [ n
char actep}g%;aggggg%lqﬁ’g%f) g%gtoor %ﬁqgﬁtn%gt %\}el!:rzeiﬁéf hgf%%feﬁ%{&éﬁ% atpﬁ;ea%% nk.
The apg ualndithiRisence bRssBaracteF i shkCsuifply obhiabsaipt i eAppetweery the 15
DYl ink and the DY2 ink is not so clear as that illustrated ﬁere. The
conpari soplogtdddry blfebneficecbilurt ynkf tdetidprikt dredde vi¥Xeink tared t he
reflectivity of the Y ink shown in Fig. 14C clearly shows that the

refl ecti vPPT&f-iite oByPasHe 61010fe 1PdSDRE e oMb neshatiddr iana Ra QA engt h
regi on of 1:\(/)i sei_ bl e Jays, Thi s means .t hat both the Y1 ink. and the %21? i nk
have | ower I iGHMEsS ?ﬁ‘éﬁo‘i"ﬂﬁi‘?of’%ﬁ’eﬁ'v TR Fhe ™t angRPth BRAFadd¥tl stics
of /1 ght 20ppnRldson Wihiadivyr bal aakk! Tnkatl | {KESH0lnd fedl SSuRsidag, to the
dye of the yellow conponent has certain effects 25 as discussed later. Fig.
13 isl®m geaph FOWhRY dah& Gukéeha@f a M@hhness ewdnytegaidh do diha igspect i ve

- i nks having the conpositions shown in Fig. 12. The dot recording ratio

pl otted agbglgptisa subshaengiaphydfdafitg.calBwiisharhdtindéonreepassertalar t he
percent of 71 dots fornmed per unit area. For exanple, the dot recording

ratio of 18 FeFFEISERt SutheIstthee HIRTAHILGY @dft PaFl€ s inksablt e

pi xel s . ot .r rdi_ng.rati f 50 r S i hi ch dots
are forneglai%r?(}héll?%%ﬁgggi glellag ?B?ﬁeog&ﬁ?esgegj;%?ﬁgagbérgf?oé(g#&(’)jhr%%raesents
the st at ecofn tWai1Chi e €iRd 6164 € 1hphedir it aBMaRl X&lce ivddetHet JRrerdi ng
ratio is explained in detail later. The lightness plotted as ordinate in

t he dtphiofoEimgtibd wipheasaydsi theddts gift ties plofrd hiet v ndgeas et atdlcer t 0 t he
background color of the printing paper) The lightness of 100 x0 represents
t he backgr8tfdaes| bhe 7 lurrlbry rﬂﬁp ﬁﬁxr&aé@ks:medbai%t esEnaiqmaiifage

decreases _w_th decrease in lightness .. Any.ink h the lightness aof 100
at the donF%co‘?ﬁfﬁasrgi o) S’frlf)‘%. BRgd i %‘%sé’ndegg@asje%p%gt ﬁ’ozi’ri]ﬁ rease
i n dot 1 eqoudi g it Osol Baltd Trditd) doUgHLEANLAE HPELURLS- oD A0Mmpar i son
of the brightness lbet'w‘esgn t he inI{ages ato ésn?’?;gd gotmr')‘éc%rg%%gorati 0 shows
the di ffercenee iimkd ghidess hgtuwean theof espaetivescol or inks. The results
of the nmeasurenent shown in Fig. 13 show that the DY ink having the
conpof® ti on sholheise Fiagd 12ther( obdesspsondifegtiugeshe PEPEIE shain Fig

14D ) is darker than the Y ink, the LC.ink, and the LMink but britght er
t han t he advantages of the present invention will become more apparen

from the following detailed description of the preferred

embodiment with the accompanying drawings.
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Cink, the Mink and the Kink. The DY ink may have any conposition as
shown in the exanples of Figs . 14D and 14E . Fig . 15 is a graph show ng
the 25 observed curve of reflectivity against the wavel ength of light with
regard to DY ink prepared according to a different principle fromthose of
the DYl ink and the DY2 ink (hereinafter referred to as the DY3 ink). For

t he purpose of reference, the curve of reflectivity with regard to the Dyl
ink is also 72 plotted by the dotted Iine. As shown in the graph of Fig.
15, |ike BrapreimsdrityowfoPYuE nkrattRcsefl ectivity of the DY3 ink has a
characteristic area of small reflectivity (that is, the area

char acteri sti calfliy .absis lai byjotk ghitggrnam sbbewavdécaidiyhiblusgraniag ¥ nmto
500 nm This is characteristic of the yellow ink. The reflectiviti/ of the
DY3 ink risgediqtiune @y & HGHIH ¥gyi 6 T | lgnylerd i dolnt asonbmelleri s
known that the sepsitivjty of human eye to the color. is abruptly lowered in
the wavel &Mgt f $REPBPTIN tUnder OPRST %Mers%@%ﬂr%r{qﬁ@gﬁhgop fEeBYL i nk
and the DY3 . figye significantly different behaviors on reflectivity in

t he wavel ength tegi'on of |onger than 650 nmas shown in Fig. 15, they are
recogni zed as syhgf.anti ald yat hg coeacabeamby RS ti St Og Ok tHer bwars eye .
This neans that there is a significant degree of freedomin 15 setting of

t he | i ght aceffigpiratign ief t tiee vewehehgy hsyegeonobf thengaebodhawn850 nm |t
is not easy to %ﬁéi&% t he conposition of the respective dyes or pignents
in the ink for EH& i dedChgmatislelohicl imatiast idis Etr IRy PhktRavi ng
the ideal hue s, .however asi | o(?tai ned by utilizing the degree of 20
freedom i FG & éjcrtjﬂﬁ‘ﬁ/ R ﬁh% %\’ﬁ?/% Jerﬂﬁ?ﬁ' region of longer than 650 nm As

is welh known, ERGSEnsl bWing Wy Qﬁoﬁgﬂ”ﬁg ﬁi‘?né?plﬂl@eofoché’f £ Sch@¥eERdihn the

wavel ength regi onof shorter than 400 nnm as we as 1 n the wavel ength

regi on of dhengerldhar65fennf THige | b6a@imékts be designed by utilizing the
degree of freedom25 in ref lectivity in the short wavel ength regi on. The
foll owi ng descritiexs . dAtandSH. siey athmnsivareaienofl thatlehapibpeseles of
the DY ink can be requl ated to sone extent by utilizing the degree of

freedom i REEYISCtIN i tRE i fMRHLIHBN R engt h regi on of |onger than 650 nm
Fig. 16 shows t 7 r c r t Lnting. er
unger t he condi ?ﬁ ) og asrgé)‘g%u\étl%%l ngbgéggg?ﬁ ﬁ%@&d})ﬁ% g)gfng%bg 0&9%1@ E (dot

recor g5 ng dodr@1 f<F el whd hehb8a Yehtk on the printing paper. The abscissa
represents the a* axis in the L*a*b* 5 colorinetric system and the

ordi nat e represétiies thehbWwsax procébe aferccoéipbsgtdatavattpst (froml @ang t he
a* axis substantially corresponds to the red color, whereas the area of
negati ve \PAlggshead ¥0a41 oHgl ienBugfegxpad ipa Eimg Alats dor ERgpgoRtRtindt he
green col ar, . The ar € o&&gs&ti ve val ues (+) along the b* axis 10

substanti ﬁyls)}:egbrcf espon ? PH%“E@ | ow col or, whereas the area of negative

val ues (-) al ongide bip s PN of SRIISSRONAGD iy Dhires ol or

The position show by ST in the graph of Fig. 16 shows the coordinates
r epr egent idag trhiel deas kgrewnh el @b ohe tdEl @ ipitint@rpapethe dmdddihentase

where dots are fornmed with the DYl i nk shown

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 embodiment;
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in Fig. 15 on the printing paper, the col or expressed on the printing paper
follows a | ocus shown by the dotted line with an increase in dot recording
ratio. Nanely the hue becones slightly greenish with an increase in dot
recording ratio. In 20 the case where dots are formed with the DY2 ink, on
t he other hand, the hue does not becone greenish with an increase in dot
recording ratio. The mnute characteristics of the ink as shown in Fig . 16
can be regulated by utilizing the wavel ength region of |onger than 650 nm
where the sensi i ye J:E'a?fiﬁ: 0, j g (Y2

suf ficient degrg%\‘{’df QPI’Q%?S:%I dégﬁog%ntg?%ﬁeé%ﬁéégpggsggﬁ%%dgIvegtecetfl in
detail, thegdsa @b tthe P¥dpdctiard NGiKsheaie dhes@ricdithi@saaiicns WHdwran
increase in dot recording ratio significantly inproves an i mage having the
hue of gréenFdmd Il@w | i ghtness. In a simlar manner, the r 74 use of the
DY i nk having the hue becom ng reddi sh with an increase in _dot recording
rati o significaRtey - i ffPoET o9 ddde AFEy IIFGPIFe CRAE St Uadd Ya ik Wi 9

| i ght ness The ipk having the hue in a range of 10R tq . OGY on_a Minsell
hue ool EheeBeSPBPTERBIE THIEATEEThF CHE OFrtihE SeR i SOt FHE ¥ | nk
shown in Bi@g i} thd RIS IGcidtdt Yo thd WHnd@ihaict eased in the

wavel ength regi on of |onger than 650, nmby utilizing the degree of freedom
in design of theiignk i1ethis wavelgngth ragiwing TbhRei nlspeitralsodpiat i vel y
be designed to lower the reflectivity 10 of light in this wavel ength

regi on. Frcharaztemdwsitde ofr udaxk e vyefllaw | hkksuppit eiss5d¢éoigie@dibwy a
supply of ink tg an ink cartridge . The ink supplier 55 includes a sealed
vessel 56Utidadmd fhendepseseaf cbregden| 1o SRaf EtoSOP b SR dft a
suppl yp of _i i§ f a. Di n press_the sealed ink out . The
dar k ?/Onk &i géﬁ)gégﬁ%g%]o% 120&53602 gldoﬁefﬁteﬁ%%atf%% I\1/rF(5,‘sseI 56 to be not
exposed to the gipgnspherghowdi SxFOI &Ll dhechNbrsNwihe Bk sSwRPldaic 55
froma change in properties. Wien a supply of ink is fed to the ink
cartridgeyedloap ivk nourd echewt af epucli rof i ndnepdpdtrer inlet 20 57 of the ink
supplier 55 is renoved, and the filler inlet 57 is stuck to an ink supply
inlet (not showh}of-ofdedchamphécpédivoittastrates hehe MPrAIFIERCT Ale

iston 58.is then.pressed. do tQ sl ow ress the ipk out of the sealed
Dessel 26 nksBURR1 PGS LEt 4 & ERPRyS GO Pb LM onkPEat it (AG4 T 9% | mage
Procepsing The @Q!gc?r | pLery szpl QEREr HOL8 oQh NS emsgy Xﬁ"o%%ls%riﬂgrks

i ncludi ng the DY ink di scussed above, so as to~print a €ol or image. 1n

order to esakliget R&xcerlta pid Nty Rfbddikseaie | 75  dots of the
respective color inks , the conputer 80 should carry out predeterm ned

i mage processi ngiwi.t ho r8yawd at cohwageidataIDRGUsedr ésetité rgbaddoieart ;
original inmage and output the_processed i mage data FNL to the col oroiﬁri nt er

20. The image 5¥pBceséPhg #Rexdtut SPSERE N nfEPYdr Rvate gt Yhe
conmput er gg'te%hq_nj}%[ h& %Ji%‘cggr%o%ﬁl%“é‘i%% Ut |JRYE PARCESEL"Yn" Q4ld ne
executed by the printer driver .
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 recording ratiowith regard to each color

ink in the case of printing a gradation pattern from red to
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When the programenters the image processing routine of Fig. 18, the CPU 81
in the conputer 80 first receives imge 10 data to be processed at step
S100. As described previously with Fig. 2, the image data are generated by
the application program 91 and transmtted to the printer driver 92. In the
appli-cation program 91, the color inmage data are expressed as a conbi nation
of three color inmages , red ( R) , green ( G) , and 15 blue (B). The

i mge of each color is expressed as a set of pixels individually having

t one val udsLadk wiieh case ©618bi prinage dét aheeambopimentnay take one of 256
tone values in a range of 0 to 255. B-1 Proce~~ of Convert; ng_gP,~ olution
20 Wien receivi Agashe 2hhge 26&.a dd pdbCf rdyaw heeapptcb oplprbykivieol,
the CPU 81 carries, out a prqcess of converting resol ution at steg S102. As
ment i oned SARRIEEARIRN Phptie ARGGEL TR XY Eadd @ Bt regarst tgeaqhscolere

| ength on .a.printin [ Lr ndi | xel _de S n.the

si ze of anlar}]ér?ﬁdle £ %% %e%p%ﬂr %%égggg%o% g%%&%r:lgﬁﬁiﬁ%%gﬁ%aguﬁfggh%gﬁ%%%r of
dots ppint@ble far Wil +800t810¥ phenpeknber chheepbbafit@nhteferred to as
the printer resolution) has been set for each nodel of the printer. For
conveni ence of trhiegd mageApr @Udssiangd RUC shequiresdlts nekesthelaesobuti on
of the inmage coincident with 76 r the printer resolution. In the case
wher e t he FBIEAT R 6Ff e dPkagRC B R tiRan t i & eFdiniet Bp eceduoral PBbn,

bet vpen TVBIadTabER CRRELRE R IEIAT i G ARt Lo B Soas e 8B Lo b
resol uti o 0l N, 1o, | 5 DLONSE; 4080 bRecREi BhEbatRRAkYLi on, on the
contrary, the resolution 7S T'owered by skipping song pieces of inage data

at a ppeset rateujghe psRcesEOf SEP28E0ZHMKesethetsesd Uimmotithe
i mage coincident wth the printer resolution in this manner. 10 ~ 2 Col or

Conver si orcdarocestsi Al bértiooaplate anrdfng e tiesal tit reyacdnve esichncplocess,
the CPU 81 carries out a color conversion process at step S104. As
descri bed igfevitoddts casfe @y gutinh progrdat oan g essesiBoRoFef temge as

t [ dat f, .t d (R 15 (G d bl ue, . Th
one | oS0 Al NRE S et Re TSR 1 Dpuando bhyey (L The
by subtractive ngxtare of fhgee color stimuli , cyan ( C) , magenta ( M)

, and yellow ("Y) . In order to print a color image, it is accordingly

requi i8d to conweids i herexpd €38 eRoaf ré@seDt Ko sagaluikt ket demplit £8i60l or s
20 RR, G and Bto the expression of a color image with the three colors C,
M and Y. ciheth ctessreafosigpg S1Qdicawitesragrréuech eathrcebnveiskohn The

actual process of this enbodi nent carries out the color conversion not to
the three BRI STEN % AIVAEGL 108 PRETEENAFTEM YBYER EBIBFRCK

i ncl udi ng _K, . For cl ari.ty.of Lanat i on, . ery, it is
assunmed tha t%%&%%@éel\ésrs BcalrnrtleersRl%‘u ndt %élléloltgre gé%&%r g%gﬁgt %Hgﬁg(\ft’ hIFIée
basic colamss &. M and Y. The col or conversion process changes the tone
imge data of R, G and B respectively having the 256 tone values to tone

i mmge2data of C, M and Y respectively having 77 r the 256 tone val ues.
DESCRIPTION OF THE PREFERRED EMBODIMENT
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



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 values into the C M and
Y tone values. As shown in Fig. 5 19, the conversion table is a

t hr ee- di nensi onal mat hematical table (col or solid) having the tone val ues
of R- G and B as axes. In this enbodi nent, each axis takes the values in
the range of 0 to 255. A space defined by the nmutually perpendicular R G
and B axis is referred to as the col or space. 10 The conversion table

di vi des thegcCol 0by$Qlelsd igH @Avatig g HesIMIdigribes. Each cube has
vertexes, at each of which a corresponding set of the C M and Y tone

val ues is rBgiRst enddr Todvedisdlorc ®vetesison i s carried out in the follow ng
manner by referring to the conversion table . For exanple , it 15 is
assuned t haB-3.céirocesst iofeddny et inG) NumieiBRfaslanes t one val ues of R G
and B is to_be expressed by the tone values of C__ M. and Y. The process

finds a smaPr4cubd ez atHOudAn G oF Yot FATAR AP coor di nates ( RA,
GA, BA ) in the cal aor .space . .Th r.ocess. t carrje t interpolation

W th gsets o?‘?he%i(ﬁla&lzﬁl laor?dbﬁytesc};rjlsetevmaa}stulecs}bfi&gl}% eb!g%%l%? t he respective
vertexes of gthe quhe (4 4¥ prosas to calculate the C, M and Y tone

val ues of the point A :In this manner, the conversion table allocates a set
of the C, cM Rarthl¥d @t Shatulestianeach coordinate included in the 25 col or
solid of R G and B tone val ues. \Wen tone values of the K ( black ) , LC
( light cyaf-}., Gerdgtijoghtaggam £1om Redd Y Rlagdr k yel low) are

regi stered, .in agdition to_the tone values of the C and Y, in the

M
conver si on tabr e’ ré‘d?é?ll_"&f Pagdegn I@erV‘ Pﬁ%gel_né_,a 159 Biffioy tone values is
al | ocgy ed t@_sacargﬁgrtqdogatp el _fxlorgrplr%qﬁt%r Iy tEﬁ%b lor solid of R G

and B tone values. Tn accordancé with a possi bl'e applicati on,

i nternedi ate-get ApphiCatMonand Yriighevai4es rovdt TPfoC1dds Y, and K

val ues, or sets OF C M Y, K LC and LMtone values may be stored 5 in

t he conver sCeh.t abbeé.icale opr ace 3 iceeaulwdttes Thhed idwlort ahekwal ues of C, M
Y, K, LC, LM and DY fromthe internedi ate values stored in the conversion
table. Fig : A0 cgiidpt s |y show a net hod of cal cul ating tone

val ues of Sﬁveg col ors % Iﬁé Y; K, LC, LM 10 and DY fromthe tone val ues
of six cofo , —RHE: d LMin a shadow area ( area having | ow

i ghtyess . Fi 2 J : d. The
toge %I ue)s of E%géngqsﬁﬂgger{\%oggtﬁene fgrbrg #Q?léﬁ??g%%%??%ﬁéétgg?ﬁgeeof C,
M and Y gteucaige iof Ehershadew aedeas isRawding @ @riziAcchirbigdmone

val ue of each col or corresponds to the density of dots formed with the

col or inkand sherpnitdiniongpiediaims Ring.onz0Bndlecvigiea tc aswdndiwg dte Hdld t he
tone value of Y is replaced with the tone value of DY. As expl ai ned

pr evi ous| PERSER FFiigvention heFig i AklRad REttaid aifentsl bt gasing a

software configuration of the printing system of the embodiment.

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 to 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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20 dyes of the cyan ink and the magenta ink. The tone values of C and Mare
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 fromthe state shown in Fig. 20A
it isrequired to decrease the tone values of C M and Y and increase the
tone value of K (that is, create K dots). As described previously, however,
creation @by @9t SHLPH IS dN JNQRPUnAANH @ Iie WBESS dhen & 2 dots
are formed in very dark red. When there is a certain margin for the
restricti Cheofimagle diata garcdwyibIe Fyg. tROB;onhet ehar &o riatt hade behdsis t her
darkened by increasing the tone value of LC or C. This prevents the poor

gr anul ar i Fgpdesend ingivagesrofd Kyddis colPhes gaigh 2flori Eherrvwkthewti on of
ink duty is_enhanced by increasing the rate of replacenent of the Y tone

val e wi t ROPREIIP YORF QRIS - P 1k ] AP ife ROEMAC TS (HERES s of
va | t B P Hieted g A i )
[ ater D10 9E R 2 Rae Al BF UPRToRcuan Feddband S0 fPRY (OF

si mul t aneesipy: tWrt ot herkd Lo ocopyf 660D o AELESs Abhe SOk 160 &§LdON
process corrects the tone values of RR, G and B, in order to elimnate the

ef f ect s ofindisf bepreeshesansift pwvit yichgrageiebaskidcsn dfhe impatstmagerdatdat
read color images. 15 Alternatively the color correction process corrects
the tone VAluesTBf €cTfipsafd Yhipnpberaedure «idbd fdt2 ¥RV HEIR@renkerin

col or repr.oducti on properties between the printing apparatuses. The col or
correcti oﬁmgﬁgbfgflgfmjé’%oq%r&? FHeT e’ﬂ%c‘g&dt#)r‘?‘é%%lérct e ofh‘? he

di ffergnc | nner r L NL I appar atuses. B-~
Procegg o?oggﬁﬁgﬁ?ﬁﬁgqﬁigggﬁbo ?%%é@ﬁA t%rp%ggtgggpﬁépggh of the color
conversi on procesg, doipuERl: 8o caicleseoUL aprpreteshadf averd idge the
nunber of tones at step S106. The inmge data after the col or conversion 25
repr esent yagreitiyagé ope2B6itosesawrR®i §gar @AMo8BheagevmputolmresriGicd] VY,
K, LC, LM_and DY. The printer, on the other hand, creates dots on the
printing BdpeRRtFRDF IR ERCE fiyed GRE RIHSTAH ST HARTN! $6twe el s,

e e o e e e
R e A A
nunber of texpradsisdilen o@n@atal.t TBetdRBC 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 under the control of the

operating system.



5 required to convert the inage having 256 tones into an inage having an
extrenely small nunber of tones expressible by the printer. This is the
process of converting the nunmber of tones. Figs. 21A and 21B show a process
of binarization to convert the nunber of tones. Fig. 21A shows inmage data
after- the color 10 conversion but before the binarization, and Fig. 21B
shows i mage data after the binarization. The inage data before the

bi nari zati on have any one of 256 tones in each pixel. The inmage data after
t he bi nari zati onThaveo kot heriminer afo tod ttdlsuembigd iest piskxel cotlvat ink, the
dot-on level (the value ' 1' ) and the 15 dot-off level (the value '0'). In
order to shetwra s thabuféons dotdors sawen Ay f fiereniechhaygelndks atbitFi g.

21B, pixels having the value ' 1' are hatched and gixels havin% t he val ue
'0' are opkh: FHeNst LdSflr SYGR -t MEISHGhdi et FBREP AT ResYBALOHot 489G Kon- of f

condi ti ons re t e l.ar.s 4 :
There are %&%%?Wef%ﬂ%g1%§Fﬁggggaégp?%gﬁgé‘?%?”%%ﬁz&Efg?hgﬁé#g%ﬁﬁggngof
whi ch mat upal hyshave.3e7e adant agee ang disadyait AgeSappNeeg0kAr tRkisNt er
20 of the enbodi nent causes the user to select an appropriate nethod for
the 25 detembobAamhenn. uERer @i duttmrld yelgmenesheds,td hejest oin®i &isusi on
met hod and the systematic dither nethod. The error diffusion nethod ensures
the hi gh pltsovesgdalater. wilreasinterspsvenheveveart heavesd padndnhbklds t he
hi gh- speed_processing. ,The follow ng briefly descgribes the outlines of the
o Sor PR ST REP S e e cRa i CReC oD RHEr oLOFt REATRREnOY BoRnS
Bi nari zat i repLEfusLo Fig. 22+ hatt s A a
binarizati%ﬂlgggggég Eghgh§§%rg%ﬁg%??ggs#gnaﬁe%hgdeoghgw?egknFqggwkggfhe
enbodilgentod eaeetescouly theabhratezaliiepopeecass tnyiMiduddaumeth regard
to the respective colors C,C M Y, K LC LM and DY after the color
conver si on. The Iwmlclodwmgrdesers griorndoe e thetr specciylése fool exampde, t he
clarity of explanation. When the programenters the binarization process,
the CPU 811288897 R siang toetHaitt Ayt 2o imers nk§erdat a " frave 256
tones with %egard.to each color after the color onvers'onl,Thg,CPU gl
gener at es Tor teBTHBE A4t AUBHXPPoM ERBTLRHAPR S MEGe UTat a*BR4E25E8 8302.
The error gi{lugt opuditiog s st Bt €%.eAprakiah PheblRA el i ABygcRs: at ed
with regard to each processed pixel to a plurality 15 of unprocessed pixels
in thdbvi ceansy mfob hemProacearasl gt xald pekh -o€ft. ai nheet ghtisi qdéePrheess of
step S202 adds a sumof error portions distributed fromthe surrounding
processed phRefsmentfligcud sest beAvwresy thilsi od aipp ldgatem £9 hatmgolor
processed, to calculate the correction data Cdx. Fig. 23 shows 20 the
wei ght s adeed+8Tfhe surrounding pixels , to which an error of a pixel of
interest PP is dj | d.. The.err of. _bi i zat | engrated 4 n e
pi xel of i ntereg%é%’%‘lpgﬁgi sttori Eﬁgéd (o] égvetlr}g‘% g%jm ?%e(h}g gpkelaglji nt%lge
scanni ng dipeeitenish gy Lakd badforiaantR t18s dod t3evebaltradbgbRhREngd.
pixels in the feeding direction of the printing paper P with predeterm ned
wei ght2§, 1¢#Astdng, andvifaé. dihievearr o0 dirfd usi gripricoesdrisedesy i bed | at er
more in detail. The correction data Cdx thus generated is conpared with a
pr edet er mi HeEO¥RPESRBAILIDalbe PReE_ELIRGr SBAERMeORBA AMageepaa ouspud . |n
t he case w@eée Eﬂglcor ect%on dat a Cdx ;s not inakler Fhan t he thrgshold
val ue th, = VRISFED ARPHERFESBARGIY 1 BAAShOBFPR Y dot ThE €t BXA™F&5ul ti ng
mﬂegg tcﬁre SO DEnkNEriAsEklaRfvd A DI NFhEZAL) PRCAL 1 5heProdPln JiNthhe case
processes an input image, for example, by retouch causes the

25 input 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
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5 correction data Cdx is snmaller than the threshold value th, on the other
hand, a value ' 0" representing creation of no dot is set to the resulting
value Cdr at step S208. The predeterm ned threshold value th is a reference
val ue used to determ ne whether or not a dot is to be created in each

pi xel. 10 The CPU 81 then calculates an error of binarization in the pixel
of interest and diffuses the calculated error to the peripheral pixels in
the vicinity of the pixel of interest at step S210. The error is equal to a

difference by subtracting the.resylt_ of e topne nunber caqnversion fromthe
Lone val AP aer S P RET S praR tehaE uar 7 By P8 AR Lot AL EEEeTer e
there i fnfbdhabavenGn' hadt ip MUGorbbrdddilies OTagANaLrtBAC YA 2
When a dot 1S created in the prxel, the converted result corresponding to a

tone val ugréa@bédrmifie @xiM£$s o sishitigotselonvdri Rhe Lhget iniefe dakaan
error of 64 - 256 - -191. 20 When no dot is created in the pixel, on the
contrary,te htmagé sdahaeFNbr tbat6are pringablghbyeither priwdeqalzdul ated i s
diffused into the peripheral pixels with the certain weights shown in Fig.
23. Fgr ONGRIN- YeLY dMgBLJof2 pithel 1PRIf RE RS TS Q3L E B PMEr 2~

Cone. va ugh ehpgfe i ek QRSER DE < ita Y ¥l 1 RECGRPHERBRNERRS, g

pi xel PL.¢Jde stot 8l r&bo sy hofi ddiinsits £ Aodiuile 58 |£ead080hbersRge data
Cd, so as to generate the correction data Cdx at step S202 descri bed above.

83 The medubs Df, td e 4 HOERSS i s reepeanddaw thteegarced modallle blse pi xel s
at step S212. The inmage data representing the dot on-off conditions as
shown i n P deted g efetbatirady poncassdd g TReTkethodt By gacthomaidiadet he

k. DeO T T heoH S EER Ates oL e SR T B Y bRy, CACPFYPR6E the
| e B . Vi'dial n
e e e B D e S i e Tl

simpl i fi eghdraagssd gy dMidid RaaGd areasht 3@t cd amenaklas ipalgdl kakadat a
conversi on using an exclusive imge processing apparatus. This arrangenent
ensur es tINL quo ckhbi pafliozatprimterer2hy tthe eolar dffruseon2oredfiodhikbn t he

case of the binarization by the error diffusion nethod, another possible
pr ocedur eSBRRRIBABF 2 @S . EGF3W 25 tchh% A I PFosEEss NG bayy s1081vn t he

flo art_of Fig.. 18 ener.at es, i e.data .of th 0 asi,c_cql.ars .C, M

v, 2l koSl SRR AECOERLNGotO GRtor o b TR RE B Mhe. & TR ECStor s
based on 4461 {08ei gAlRaP! Howeddte, dRluANTALI cEPHFI LI ONSe£T2d he Mhang LM
dots based on the tone data of M and the dot on 20 off conditions of Y and
DY dots bhasedpanttbe thseiflaga @fo¥esERAng.nethod sinplifies and speeds up
the color conversion process. Bi5 Binarization by systematic D ther Mthod

The principle dFidi narseRerahioglivelitygsbratee thehetrrstueenhed the
descri bed

deoct | e bh 8o 12, SR Gl LBn5SATRd et (e | page dat
v 088 ! AN e L B B WA 000 B, et
84 ' 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 control circuit 60. The mechanism of
reciprocating the carriage 40 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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As shown in Fig. 24, the tone values of the image data Cd in the respective
pi xel s are conpared with the correspondi ng threshold values included in the
dither matrix. In the case where the value of the inmage data Cd is greater
than the 5 corresponding threshold value in the dither matrix, the dot is
to be created. In the case where the value of the imge data Cd is not
greater than the corresponding threshold value, on the other hand, the dot
is not to be created. The pixels hatched in Fig. 24 represent pixels in

whi ch theqdoiei Bel® be dpakreat Eerdbe 8R86h | batld adb P i t1eh Rigtidzatd on by .
the systematic dither nethod conpares the tone values of the inmage data in
the respethatedpiteelts wieh ppisd tdomnr espahei g ighine Sifoltdhey sdaxes agecl4fded i n
the dither matrix, and determ nes the dot_ on-off 15 conditions in all the
pi xel s mn?her@@§hénﬂ§“tﬁéf§3V%¥FQQHEP% RYipfing R@PEE P ppcandeny Bigsed on

h | Lik b h
e or o't phalsn e, rE St sag i FabPr s p At r Bt eg R T | A By the

bi narigat soghggttbééasasﬁgt%éiiga?r(Iraar_t hodwrAnoLher oPesst béﬁaﬁp (Rfcedure
applicable to the col or conversion process ( step S104 in the flowhart of

Fig. 18) gro®hat €Ratnmegendai 8sothd he faouirohas ch@obnés*c(feédi motanagsK, and
determ nes the dot on-off conditions of the C and LC dots based on the tone
dat a of Ctottiee gdiatem 3ffargbhtietsheet ofeeth@sgisidroMdot s Paeseondxolhe 25
tone data of M and the dot on-off conditions of Y and DY dots based on the

tone dat aCoFCVLITTRE EEFSEMESHY ELGNGR SriCc &S FEFhits GHIEEduPEN g% es the
| mge datgfgﬁﬂgr§F§9t8n|¥0 LhA Lad B%t%ﬁyTE e COhOr g éﬂyfio%rf%ngenent

Si er' ifiesSt COﬂVGrSI on pr CeSS arrangenen al’so pr event S Jt
dots 8 the sheet feed motor 35, the carriage motor 30, and the print }
head 41. The sheet of printing paper P fed to the color printer “'Gg‘:

20 is held between the platen 36 and the sheet-feed assist
roller and fed by a predetermined length according to a
rotational angle of the platen 36.

15 Ink cartridges 42 and 43 are detachably attached to the
cdrriage 40. In one example, the ink cartridge 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), l1ight
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 (LC) ink,
and the 1light 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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of the same color system for exanple, a C dot and an LC dot, from being
formed in an overl apping manner in one pixel, thereby inproving the picture
quality. B-6. Tnterlace Process 5 Referring back to the flowhart of Fig.
18, after the conpletion of the process of converting the nunber of tones,
the €PU 81 starts an interlace process at step S108. The interlace process
reorders the inmage data, which have been converted to the dot on-off
conditions by the process of 10 converting the nunber of tones, in a

sequent I%J%% I EgGWIfIIéé)&IE?&%%gé gﬁi@%@éigolaéarQiscussed above, the

col or printer I'1Ves prin ormTows ‘of dots ( raster

lines ) on the nrﬂmmgc%g%&d e 18a £ ePeald g d Be efRint ﬁ@apséadpi e

sub-scan of the carriage 4 described previously with Fig. 15 4, each

of the inle)ej ast whrichepdecés blir ongbrhBthas,t herpéxwampiiey withozegaesdNz, so
that a plurality of raster lines are formed by each pass of the main scan.
Each pair tof thejmsmiidginaguantiities ¢drihedro§reativandpasargretepedt from

h her_by th I it . _Rast ' [ d t he int I f
cach 20 pili SSPEE: FAETRCCOPA BEE (9 R+ oM RQCCOREESF BPOBEREFS . The
trol fifst |, . [ t | I
of 't he nosaie preenl® L P M RiAg i s ned P aup PR ated RE AR o ©

head, and iffdanEWroaskeke kiBeaghetMBRBnthE2e%igttnNE ¢astLsL ! ENLSuit N
order to inprove the 25 picture quality of the resulting printed image, the

control preacedirehaerayotanspreathrr aster Thendetaibe fodr mck yrqies sl opasses
of the main scan. In order to shorten the printing time, the control
pr ocedur e Te@didgusrdgutist ing phefdatretebprsng thy namdipasgctiamel bhekwar d

passes,of the in scan. 86 Afte onpl etion of the interlace process,
t he ii%gec’aﬂﬁﬁ%%¥iﬁiIhﬁ éh???ﬁf?éiﬁ?g%Fe i mge data FNL to the col or
printer 20 at s LQ). ~ syl Sj i t cﬁﬁgirrn
the effects of Fﬁ% %%Igﬁk%g%dtﬁg P%%?SgégegguIﬁép?@?%#gpgﬁgfé?ygft e

si mul at i ve:agoiRidaatsiconadi $6KSS¢6chebAaRSs CaY | i, aut,. 4ThesaBol how g

conditions were set for the sinulative conputation: 10 Condition 1 : The
col or 'redhats requesssiete yy darmsgpbdtto the K, €, LC, M, LM, Y, and
DY inks. 1Ink 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

according 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
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M dots and Y dots at a dot recording ratio of 100g Condition 2 : The col or

" black' is expressed by formng K dots at a dot recording ratio of 100a;
Condition 3: K dots are equivalently replaceable with 15 a conbination of C
Dots , Mdots , and Y dots at the sane density as that of the K dots;
Condi-tion 4: LC dots are equivalently replaceable wth C dots at a 1/4 dot
recording ratio; Condition 5: LMdots are equivalently replaceable with 20
M dots at a 1/4 dot recording ratio; and Condition 6: DY dots are

equi val entany exk¢pleadab ha ghi-isibe dc ophiveatiion of éGadbtscalldhdoyg indmd Y
dots at the same density as that of the DY dots. The actual printing

oper at i on"ﬁeS?h@é?ijﬂJrr@dleufmer ABrehps Qi@ﬂﬂiilmféd whendat Poaset Fop Ll exgeml e,

the rate qf re each i is_, rate of_ ea color i nk
t hat does Mot %P:lrfgegt h%e%‘ﬁ?%’ﬂlt ‘88138 nge?epPﬁceﬁ‘éﬁf‘)&r\/aﬁ”& ‘#]

conpl i cat ?mﬁ oL ctqug a arely
gives a fflE va uce&glsoosﬁe\?\}% %%ﬁe %E%\L?}ec%%\dé‘%r{l%ges&. bggi?ﬁengégéul ts
of thessi muledtdednsc it 5€ 38R nRPOWsA B dsd Foettne pepreserninka achaal
printing results. The qualitative effects of the DY ink on the inprovenent
i n pictureequald thp defolre sneusafeveatbnplittate dnkacendmowebér as ssiidwmi ent |y
5 applicable to the actual printing results. C ~ 1. Gradation Pattern from

Red to Bl 48k Figs. 4B5A, THsB Valimeset shbf rdedulaandtiti fil 45 vee@ewpiit ati on
of the do%crc%% 1q1|gngco 6](:Lheo ev}vcll;[ahnsrleoqlarodf ttq'leeapclbazcooelectrlc element PE.
A certain quantity of ink corresponding to the reduction is
10 ejected as an ink particle Ip from the nozzle Nz at a high speed.
The ink particle Ip scaks into the printing paper P set on the
platen 36 and creates a dot 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,
cvan (C), magenta (M), vyellow (Y), light cyan (LC), light
magenta (LM), and dark yellow (DY) inks, are kept in the ink
cartridge 43. Accommodation of a plurality of different inks
20 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 with the LC and LM inks in the same ink
cartridge. In still other examples, the DY ink may be kept
25 with the C, 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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ink in the case of printing a gradation pattern gradually 10 becom ng dark
fromred to black with the color printer 20 of the enbodi nent. According to
t he above conditions, the gradation pattern fromred to black is a pattern
having the linearly increasing dot recording ratio of C dots fromO0%to
100%-whi | e keeping a dot recording ratio of 100 %wth regard 15 to both
the Mdots and the Y dots. On the absci ssa of each graph, the value of 0%
represents the pure color 'red" and the value of 100% represents the pure

col or bla’ﬂ.cglpres-ré"l?nt%%lzqre pi€&h kEXPrRESE-OP i BR PN H51 89 NQaPﬁ"%lﬁaed

gradual | y darKened w an increase in value on"the abscissa. 20 Fig. 25A

shows t he iresulchsnekzilBeasirayl @ay ase Wrdnridwd det a16hneatDYinBkebd bHe case
of using a sheet of printing paper having a restriction of ink duty equal
to 220% As ghigemad.n Fheg. z26Aagadrrdmegenént siown %ol idheSabsowswet | he
pure color 'red" ) , only the Mdots and the Y dots are formed 25 at the
dot recor diafy a2 fBaBEage0thdR Hie NNEZE AFTAApER! helasighatede Bavehe

col or Bs Iov§ra<édl( c’gzhz ei Sy cIqalr(kened) with an increase in dot recording
ratio of thet ot's PR eeprhg the dot recording ratios of both the M

dots and the Y qQisedtinddQrigWeR, t ffe dQlk S tdidif nedlds04af thRSu e dots
reaches 20% 88 (approxi mately 5~ on the abscissa) , the total recording

rati o of tdte of the anespéctnts betomss aegualhitfae2POn s Tiekdr | Tt i tihe of i nk
duty set for the printing paper does not allow creation of dots at the

greater demsting goraatiion off t kheDalorsades 30t husStoeeended aezzhesval ue
of about 5~ on the abscissa, while the dot  recording ratio of the Y dots is

gradual | y Wecrideddn sReDDVIEGICTIGRAcA] Bhe HUPRICH o 4182AG e
Cone S0 5 RS DO TBL TR, sFCRRhORbR 4 B eRS
of the carriage 40. The control circuit 60 of the color printer
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 gquantities of inks or the quantities
of consumption of inks are read fromor written into the storage
25 element 52 incorporated in the ink cartridge 43 wvia 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 oscillator 70 that
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10 of the Y dots , the LMdots , and the LC dots at the sanme quantity as
that of the DY dots. The Y dots or the LMdots forned in an image where
both’the Y dots and M dots have been forned at the dot recording ratio of
100 o are inconspicuous agai nst the background. The conspi cuousness of the
DY dots fornmed in the 15 hue of red is as |low as that of the LC dots, and
the DY dots are thus significantly inconspicuous. It can be assuned that
the DY ink includes the LCink and the LMink in addition to the Y ink (
condi tion .yen : ion_of o] Eﬁéfﬁ i ngl ecf eases
t he dot 28%%&%%&%9\;{3?%0?{%%%%% ﬁg Lgéé%%%egnﬁ %o%%.&?ﬁe d
decrease dns#elpiAA 66 Hhatedi 96robut 88 the setsuesdtidie tivedisi Kiaesr a
certain margin for the restriction of ink duty, and thus allows a further
i ncrease 7A dottheetnk dijeg triain beafist4ethCodghsh0 Aftt epechéisdmigiindre. dot
recording ratios of the M_25 Y, and LC dots reaches the restriction of ink
duty, the repl aéBfefendrotheivcydits 6ff CoNEHE USE afbtasS effdiesin Helg i ¢ht ness
of the. color 'red  expr.essed t printi aper_.to be lowered (that is(
the va uerSHeEPf@saﬁz‘c?l s %% d%enc"’ﬁ Eﬁl‘eé’élg: u@lﬁ% PG EPR I R ao‘?gt he
conspi cCUoWgmEodalS 1deSichalalsy tRECY SR Sh fd¥er 83 gn ANyl el ¥aMr 951 beiig

wor sened. After the perfect replacenent of afl the Y dots with the DY dots,
no furthecpuneneaseputtsf aheaibandatat e e didtbve sowtFenes7 dhemadate on
the abscissa is accordingly increased 5 by gradually replacing the LC dots
with the Cligdngshsvinednoneuslgherl tderidia pref@timnorrbfthhsieelbtieed
commenced at the val ue of about 40~ on the abscissa as shown in the graph

of Fig. 2@9\.’5_"%@506@& 5‘%\%"%%%%@?%% 3%w i ghtness and are rather
conspjpuous i n hfig £gl pr. OfDELGNL Led T WBLSan {he 10 granyl griLy,, AS in

t he case of Fig: s are not SO conspicdous in

col or of dackongd twhiceB heteXRyE8Eedifyaibeoybue BfoROHhe 48Py O tie

absci ssa, thereby not worsening the granularity. Wen the sum of the dot
recor di ngthat idesvef dEfes; 6. 15 iand DYilbhstreachesohheotastr iodt icre of i nk
duty, no further increase in formation of dots is allowed. The dot

r ecor di ngRPEELEs agiravhel ¥ edpciikeeechjornndep¥sddéts HOURHUS YecrBised,

while formatiqn of the K dots is commenced, As, described, previ ousl the K
ot & haveRaH=df PERENy HoRarhghE nEas T 0 1 et Taadk th i 49 dar k)

and af$ rgghgﬁgiaa%ai ﬁuoafs?mcﬁ&gniﬂagg&g%%cwk}gé SEY $ 06, 9 AN B If e dinl ess

they are formed in the sufficiently round. As shown in Fig. 25A,

however, her neid ogolircleheatd dehe i sicomBRess ab the waldiesohkaboutheg/0~ on
t he abscissa. The color 'red' expressed on the 25 printing paper thus

al ready hageaosilgmitiiicartlgménmins | PEhtoessspreoadihagt thetKedobs zdes Mkt
conspi cuouys to |l ower the picture quality. At the final stage, only the K

dots are fBFA¥deSt 1PhERAGIOTE QAR RatPPE ST ET oS rea@G o ot t er n
printed op hAg R 9 REPEEHBYS 1 BT Wit ANt g adval by ¢hanggsidde 90
20 buffer 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 67.
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color fromred, where only the Mdots and the Y dots are fornmed at the
recording ratio of 100k to black, where only the K dots are forned at the
recording ratio of 100. Formation of the C dots is comrenced at the val ue
of about 40~ on the abscissa, 5 and formation of the K dots is comenced at
t he val ue of about 70~ on the abscissa. These dots are accordingly not
conspi cuous to lower the picture quality. Fig. 25B shows the results of the
simul ative conputation of the dot recording ratio with regard to each col or
ink in 10 the cae afolmy priimgex gPabaviog phaétleardéaven cadf Igubhttén

wi thout the DY dots on the sheet of printing paper having the restriction
of ink dutdissjirged b dHer g rtdie S1agir aged motore 3Paltaemeye Cbheninke

the Lo oot sahre s Ttidh 20 B UI° Fre Hamy. v GPYAERF DRELRE C
dot houl t ' j - d
rgaithogot%. bﬁ%necﬁ%g%%%&ei%g tg#@ﬁﬂ%ﬂg%érgﬁﬂl_rgg ?%quu‘?(?%%&ét O%ﬁ% val ue

of aboyt %picred hakikets Feath @i drth@5C8b0EnOEtSthel pPihghhgr gdpes P
expressed on the printing paper. Wiile the LC 20 dots fornmed in the color

of bright ired swle-socansbngahisprcuions. , UnieCtietesoniwhd tlothahe eomtybeér
density than that of the LC dots , fornmed in the color_of bright red as in
the case SLOSHt &b dhe it Rerfd pttubt SN s e HE i antm bRy
After theﬁ@lerfeecé éexﬁl acement Of n?él the LC dOtfj g/hth 25 t.he C dots ., no
further ineresse th FoFHafCoR o bt TE S & ovd & 6 HEFestt i Fon of
Nk duty. JdBON Gid N foL0bsiheeACeR! dopaluscaTRRRGad et | Sibe dot

recording ratios of the M e Y dots are gradually decreased. This

statells amddee otal tiee obr AbOUig 25apen Phe abscissa in the graph of 91

t he absci ssa si %ni ficantl wWor sens t he %ranul arity. 5 As descrjbed above,

when the gradatiforf PRER PS Fenddd WAHIWARi g t he
DY i nk | Nt ] i . trictipr fi . t
n 0”8%09{&‘ fggtﬂgpeéoi@/! ﬁ:g%{jl@grr 8% rd§ E??Ff)eg‘:p:yghl&%% equﬁ% 0

220k the S are conspi cuous i € color © fed and the K

dots are GRMRIGHWS i ides P! ofnofimel altvel ygdark wed O dbig) ghyes an
i mge of the poor granularity. In other words , the use of the DY ink

i mpr oV®s tdiex gridmelramit yollofr thesDYthWatsid herysel (€9 ,al@éghat dganc@dpj cuous,
the use of the DY ink is nmeaningless even though the DY ink prevents the
gr anul ar i Magerdrd Hdfng histhsenegeaie (&Mheyeldows (¥) .t aed Kiaplk sveThew 15

component %Dqlf) tJ}.111eksY ! Egp%n%hteq:%ilhl\.ﬂ i rkkcc:io%ougaetdicixp 2[) eaDgliurzl:kality of
different inks in one ink cartridge desirably reduces the
required 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 guantities of use of the respective color inks, so as to satisfy
the following relations. The quantity of the DY ink is set
greater than the quantity of the Y ink. The quantity of the

LC ink is set greater than the quantity of the C ink. The

quantity of the LM ink is set greater than the quantity of the
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are not conspi cuous agai nst the background 'red' color. This neans that
only the conponent of the LCink included in the DY ink has a possibility
of conspi cuousness. The conspi cuousness of the DY dots formed in the red
background 20 is thus substantially equivalent to that of the LC dots . The
use of the DY ink accordingly gives an i nmage of extrenely favorable
granularity wi thout any significant conspi cuousness of dots . Fig. 25C
shows the results of the sinulative conputation 25 of the dot recording
ratio wt ar [ LRt it J L on
pattern f?loénﬁgédd%%gb ac %&%%Btoﬁ( E@ngoglgéaﬁa{}ntg{%%é rsb%egf&%?jg%é# nting

paper haviigoaer eskrtattendgk hbkodutivgetyathé 2608 cednguidit £t coL05s ' 1ed’
(the value of 0~ on the abscissa) is gradually darkened with 92 an

i ncrease wsedott rdeondispeatatve iofkd hendil aotasll hue ¢oldéheinlesttochbe on of
ink duty, replacement of the LC dots with the C dots should be comrenced to
further dasieen vRe a8l oPubstarbiahdl tHee dotanecdridirg raiawedY tHelsC dots

reaches 60~ (the 5 value of 15~ on the abscissa). Wen the dot recording
ratio Of FHEIEIFHID YT LB ‘ﬁ%t‘?/a?gel%}f:ﬁ& on the abscissa) , no

further formati f e deks, | t s thus
comrenced, whi l gq'tg%é ggt aggcg%d?ir:]gég %%%%&fﬁ%@éﬁ{%ﬂ%%@%ﬁé%%

gradual | y ogtecriras@tsunt i e whdihatQratagfages| Ysuidie a§ dehasaapekaimed at
the dot recording ratio of 100 (pure 'black’ color). According to the

conpar i soporemaddrs t hergr gplinteld Fvgsh 2hA amll @5Cprimttert h20t iofi nghef
commencing the formation of the C dots and the timng of commencing the
f or mat i oneBPOCH@eR ot Ihgr eCBEMREr ARANEHEIBESRL 1ThQfTIFRECHECE tFRHPF n t he

case Fi, 25A. Nanely the dots_are re conspi.cuous to worsen the

gr anufgari llgklsnafﬁev%’%%xoffo Eoge 5% ,en&;ggriﬂa?‘ JEWEH O esgggéngﬁ %?gtn‘QZSA.
Based on i akLon it J evi I ! B I N

pi cture q&gﬁio?yﬁ%l%ﬂtﬁg?négt edtSIY I nrg:‘:ds/gg;cggfer@#ﬁaé/nxg%éﬁ@%%@n%}r/ovenesnt in
pi cture qodl ukg bY €hangésgetbevprtdlbngdiPapetahaHdigetde, rnastrdiedgiop of
ink duty equal to 220 to the printing paper having the restriction of ink
duty equakreciZg@® biheuabove seasygd svatuedie si nul ati ons suggest the usage
of the DY ink. |In the case of printing agradation pattern 25 fromred to

bl ack, the forndtifon P E5C¥Sw thet HEPBY FARSERaTt LYt 4S5 t RE fidtSmat i on

f d i C | DY i nk | ) f, Y i nk
ool f e rERPEstive dordbe el Wl br8qlHE SOMEAbate  Hahetluddiies’ | o
t he dgg s ehctiRi¥id Narava et gded-d Nt fdvanca o SEPesof e dwe of

red.
9A and 9B, the consumed quantity 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 (ISO/JIS-SCID). The high
definition color 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 printing.
The curves of dotted 1ine 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,

c, LC, M, LM, Y, and K. Since the natural images generally

62



The formation of dots with the DY ink is thus not conmenced earlier than
the formation of dots with the Mink and the Y ink. There is another
suggestion with regard to the usage of 5 the DY ink. In the case of
printing a gradation pattern fromred to black, formation of the dots with
the DY ink starts after the formation of dots with the LC ink. The DY ink
has a hue closest to that of the Y ink anong the three basic color inks, C
M and Y. It can thus be thought that the dots of the DY 10 ink are created
together with the dots_of the LCink, In the prior art color printer using

the six cH@Ne PnkdTgecETREtYon O Mediyy topeshEhguaRertPESI St EbHE8%pt i on

of the Y, nd, .ok e t. n, t.he ugn“’t' f S i on of
the C and |tr111 sg}b%bgezgg%be%l;%?el\?slr’ohts%y}}:t’ hIéIgl : %\/lq%%L%ggaﬁggéM i nks
are often deepiriigt @R inde & MR A3 ThACHeT dhRUnhe LMBEESCt Enhe Pginted,
the Y, LC, 'and Minks are used up to require a replacenent of the ink
cartridge sihitlhat tsd id Imiraisutdieof etive s, diC f hend EMdidk s nks. dddercoear
printer 20 of the enbodi nent uses the DY ink in place of the 20 Y ink in
sone oecadiadrer anFheheivbyatcdiagaet sanhiehgs et Prynbeddonsueptiiag @etshe Y
ink. Since the DY ink contains the dyes of cyan an epta, the use of the
DY ink al &F & EdsddKind §iFaRd tolfe§¥“8‘lat&5‘ﬁs\éﬁﬂhsi 8 gﬁgt RelE i FReakd t he

LM i k. Theyiiseof dfte sk tis enablesoalloiig PiRer s RObOLnI fkssto be

2~ consuned i'n a relatively equal manner and desirably reduces t

frequency of ahapdBeRipdsdit the bpkegrbbrdldet it ilde Y inRkemyulet kept
together with the LCink and the LMink in the sanme ink cartridge. This

enabl es r epleacartentDbfirgnlas tweell rks clare rotdyer | ik sidang thed L pMnand DY
i nks having the greater 94 quantities of consunption. The above

descr itPti G LBggrds The pebaciforepapeerantromthed Yt &0 bs adie Fredeffidat i on
tt f dtqg, b K i, | | f dat i tt tarti

Prom the o ol 46 et "gle 3y AT ol e Fret e S lor L bS fpre,

the Y dot Scé-%"@o%%sj\ﬂtg%é&f hawepgl i?ﬁdé(n@eﬁﬂe fuosre{Beéjng!t'i@el By ghigcis are

thus naturally exerted Iin the case of printing a gradation pattern from

green to Wiatusddd 1aacemprt rolighheeidats vt hobevérdoisaansttébe LM
dots with the LC dots. The effects of 10 varying the quantities of the cyan

dye and t Hecomdere anefsuneftent t peshbtDYshaknwihl Fhagsde$éy iepdd 9Bat er. C 2.
Grada{léon Pattern from Magenta to Black Figs. 26A, 26B, and 26C show
resul £ of sinuifat iGi& HBAS TR A9 thePi oth e vt et i sesitthSrebard to

cach, <o) ok 5 Ll 08, Fia LML B SHEOR 9 L5yl R groe 2

to black w thé colof prin e con I'ons” set

for the siggdat ivee HiQh e thdedtd gak wehRst B saNghéap8s tisgd for
the simulation of the gradation pattern fromred to black. Fig. 26A shows

t he resul tthadf atheliR) Biimk afsee dorpuite DoMiddilidel DYe dbh sSFigst heAcase
of the and 9B). Asmentioned 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. 9A 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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printing paper having the restriction of ink duty equal to 220 . Fig. 26B
shows the results of the sinulative conputation wthout 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 sinulative conmputation without the DY
dots.in the case of the printing paper having the restriction of ink duty
equal to 260% As shown in Fig. 26A, in the gradation pattern from nmagenta
to black, the dot recording ratios of the LC dots and 95 the Y dots are

gradual I y,.Ln i Rkt t ( \, ~ t

absci ssa)bzl3 ng%/\ﬁ?gﬁgtﬁfégm %ﬁ%g ﬁgv{éﬁé %oﬁgéccﬁ%ﬁr‘nagﬁrﬁi%g otfone_lgj(}. d&(;%csor di ng
to the cogfabied fedBOtioNaSsE AR nQYet okhendals wft < Baalehs NiM AR s
equivalent 5 to 1/4 dots of the Cink. The rate of increase in dot

recor di ngandt thepébtyyhenkGrdet a certhis hargin fes tthe reiserdfctimer edse in

dot recording ratio of the Y dots . \Wen_ the dot recording ratios of the LC
dots and ipkE duEvHi s ThreCedodsapadt kresimMets afe decastigrdivhgepdEicesl of t he

M dot the Y dots, d the 10 LC dot th tricti f ink duty,
Fepl ademeRethr oo for SRaneP (TROBY Hh: SOTS BofmeRted A « HBYser f oot
repl acemepy ool 811yt Beacak st DuhDE:OYe dphs. c TERL ASHIPN, Oy i LC dots

with the ots is commence cording to the re e sinmulation

shown in Fh@iledffs stilyeiffaiomidignvatyiagt fite €odetisnahbetSoRthehec wltee of
about 350 on the abscissa. As described previously, the DY ink contains the

conponent andfthen@&M dbitak abfm ttheecb€ei wkihfidrerBli dotef thee cO¥ sdiotps: iion
equi valent to formation of the same nunber of the LM dots and the LC dots (
see the c®hdiRpohCelREniforBHSaEERatRT. thRa ither 6286 WE Hiend&f téeo/di ng

rati f the DY do accordi ngl.y decrease he dot recording,ratiq.of the M
ot s Wy +8Racanar hier ZRE SR 20 T igh ik ohe OPEERESE dBAZ Hifen ( ne
sum of the,detmpe¢8hdbRathat MoSn@f, the C M and DY dots reaches the
restriction of Tnk duty, formation of 25 the K dots is conmenced. According

to the results p§ dHvSiAE RS ] @) SheOWhK BaFt8idgdeA)3 biietH ® emdbidamesft t he K
dots starts at the value of about 80~ on the abscissa. The increase in dot
recordi nghaatiogoeatér &apatitreef ebesDY hinkictharcdrali myf ridta s iofk.t he C,

M and DY dots, At the final stage, only the 96 K dots are fornmed at the
dot recor @i FHERREFoC®P2EHEY (phirBhe bfatkk tRarrthat ofhdheluiititng 89G nt ed

| 0800 LNe- iAW 0 AR kS 2, Safiati an. PALLETN AW 0% hhe hugsigent ] y

changi ng m magent ack: he results of the
simul atiopnhii t fusReiP¥edotsr F Gks26Bshowsy t had esiyfit s Qfrttigigd mulsati ve
conputation of 'the dot recording ratio with regard to each color ink in the
case of psunttagtaagfigdatoonepabhdr ntdr omheragerdeartad blackn v tiwut ofthe DY
dots on the printing paper having the 10 restriction of ink duty equal to
220 0 . CoPParBRtHPRNCE Hd\ e &SEPRHIGTH eheCDYTdbRss W it/ Eilgs-z%%,anidn t he

case w thout the. DY dots sho in Fi 26B, the formation of .the dots is
cormencedggt tﬂélil%’g%?%l‘é%r?i%?eY?ﬁFﬁggké%d”?%%e foogﬁﬁﬁsod{e@ft ﬁﬁe%Redot sis
comenced; gk gggtﬂgpgti cantly earlier timng. 15 Starting the formation of
the K dots at the value of about 60%

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 cartridge 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
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on the abscissa like the results of the sinulation showm in Fig. 26B
drastically worsens the granularity of the resulting printed inmage. Tn

ot her words, the use of the DY dots significantly inproves the granularity
of the resulting 20 printed i mage. The inprovenent in granularity is
attajned 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
gquantities of the C dots and the Mdots that correspond to the contents of
t he dyes. Repl acepent of .the Y dots with 25 the DY dots in_a shadow area
(for examBRamens PREYF Ereabing i Coa a5 taBOS 786 VEnt R LTS o)
decreases ghhg dqt gecording ratios of the Mdots and the C dots. This
ensures a certain nmargin for the restriction of ink duty and thereby del ays
the timng of starkhegcahe WerRt icn witHhe KK S1dhe 'is Wspescraped
above ) the use of the DY dots significantly delays the timng of starting
t he for matindn cefrtidigige ot shanoh siln ghitd .y adel eyentehel g inn npads sty tofg t he
formation of the C dots. This results in a significant inprovenment in 5

gr anul Br | EPPIPCIRGERR Gt Sarias SeaRRtl i DEriHt 18 cembievely waad y

timng are_congpicuous, the granul ari of the resultin rinted i eis
ot act oalPy | Abr SvantarneRedtoBr ERRE L acbrsPerhE v e Br O hint B,
factor. Aqpgescsihed PheVEONShiptibe ¥ 1K py¢hides Lheacorrongnts;,of 10
the LMink, the LCink, and the Y ink (see the condition 6 nentioned
above) . Wenstubhgtdeirs oaf thdey BXki,nktai e gfrasfmechbire thesmagemd admadkigrpund,
the conponent of the LMink included in the DY ink is inconspicuous agai nst
t he backgeéuttre Pie iddt gusfateie tdiarertliglcamapioitems the hatinlks. |, Thies LC
dots d the 15 Y dots, are not so conspicuous_in the nagenta background.

For ma onpEPVFI‘?é:SDY’h_aofEeg‘ée%Eb%%%ﬂ‘F%ﬂ‘??té?fuit\y’él eRk €3rFEIAELI ¥R Wiethe LC
dots and eriﬁqut%hEnf%%(%ﬁ &éﬁ%%gq%ga$Rgﬁ%oggfgngﬁ&%% b t?ﬁ%ggghc knk

and the Y ink are not s6 conspicu e i

i nk. Formheerigf tRe QY 2RndehS | vd heymgenid background euen.f &

relatively early timng thus does not significantly worsen the granularity.
I n the casenoethpomatingiakgtacatidye p&EcreeRahpbe), ragenkaci ot bl agk, fdihe use
of the DY dots desirably delays the timngs of starting the formation of
the C dot $lask tink K dikn@nd eRasigfgeiriindga Qr By npebyvébet BY ink

granularity of e resulting.ptipted image. Fig. 2 sh .the results of

t he sjriul &¥W&a%gﬁpﬁ$8PF091r %fl%hghﬁo]tm? E%EFailﬁger%f ﬁd"%ﬁﬁl?}éﬁ’ﬁgﬁtﬁﬁ each
col or inkg C AL ra [ rn f t bl ack
W thout |t REBY 0t o orite R BBEL Wrdh BiEERl O BF et ax PEERNRAP
ink duty aegealgni@ 28&holite s Wdrss iafe ddrei &l ¥ alHy/ e ofmw! atdram s in
Fig. 26C are conpared with those shown in Fig. 26A. The timngs of starting
t he formavifohhef DY h&o G dotablawl arhdmdggobs haghhpictsee ofudl gty 26€C tar e

al nrost the sane 5 as those in the case of Fig. 26A. When a gradation

pattern fPEAPTEGentE PR &k B¢ praanrars Shbdieirial?yeSinilar effects of
I OIFTEN L BRI B T B W sasE A caibptBR D
to 220 andyi,npthe agaseMofinRis, "tirRJkept in one ink cartridge, whereas
the other four color inks C, M, Y, and K may be kept together
in another ink cartridge or only the K ink alone may be 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. 9A

and 9B, together in one ink cartridge separately from the other

color inks preferably prevents the waste of the C, M, and Y
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10 without the DY dots on the printing paper having the restriction of ink"
duty equal to 260. As shown in the results of the simulations in Figs .

26A, 26B, and 26C, in the case of printing a gradation pattern from nagenta
to black, the use of the DY dots effectively prevents 15 the granularity
from bei ng worsened and thereby inproves the picture quality of the
resulting printed i mage. Another effect of using the DY ink is reducing the
guantities of consunption of the Y ink, the LCink, and the LMink. The

b I h i mul atj h 20 of the DY, ink. | h
chove [eoubi, 2l TS NS SVRRES 5 900° R0 P Ll B BTyl 1
f dot it i I th ] L t.hs C
o 9015 et Rkt RbBE of sl Sk Nenbl gt i <

cl osest tentha igfk E@né itk c@AGK kaddirieRydasipatory i fiksm 2% @, M and
Y. The dots of the Mink have been created in advance to express the hue of
magent a. Pherad ¥ anbs helss ugeStranl wntte veggat ¢ heo watsd euodgehef Ct hié, DY
ink. In the case of printin at%{leadation pattern from magenta to bl ack,

e

for mat® on 38A fhd N¥st RGN P et dmks gy used (iR RRET WY od of

dots with.the LC ink. T Y i.nk_has .a. hue, cl st_to. that .of the. Y ink

arong t ho X Ese BERSE (B gl a ke E b PR 08ET stfn, RS aBeolBindin "t ha
the dots of theaRYshBknaif eh&alefht Poetder W hsbhendelgnobrt henk Gy nk. 5
The above description regards the gradation pattern frommgenta to bl ack
as an exanplkemak Ye acdspt aodeaitHear Rt ankiowg d panraha tgobdi dtleart fxks dot s
of only one color ink have already been forned. Simlar effects are thus

nat ur al | y i@x@nced ik aart akae of Thdisnamrgrgemeadatdesii it bersp¥edntegan or

yel | oy, 10  t | ack with replacement of the Mdots.with the C dots or the Y
ot s T 3 todaty FHasiE SRAERIES (o Vit cLBb SECKIRPES: 27A 278, and 27

h Its of il at] i.on of . . and 2
egard To cach AorBEAAEY ME AT an b SR e L IR Aed B0 e,

from whi t gyt onkl A&y v bR thke EOkerady idHeLnd0iRk ddwer £TBSEE MY 1udiey
conditions set for the sinulative conputation are identical with the

condi ti onghespd ipk ddhehwruliat Fhgsof 84 ithgnagaBiFon Patrtexampremwiesh t o

bl ack. Fig. 27A shows the results of the 20 sinulative conputation with the

DY dots i FhEFe ease® BRUERA 1§H o X Grmant REVAITHES « F&er eRefieliRniniey nk

duty ual, t.o 220. . Fig.. 27B shows the results of the sinulative

comulon | SR i GRS DEA e T e teacors HE B TET RGP PAPPIRR ng
the restrigtd ¢ of i nk duty equal to 220. Fig. 27C shows the 25 results of
the sinul ative conputation without the DY dots in the case of the printing
paper havi ng thesr expuietitay ehowik iduFygeqsal tige 26€0r#éGe SdiDaventh 729 .
27A, in the case of printing a gradation pattern fromwhite to bl ack,

f or mat i on fofr sheriogldasa.t ferL#kanple,doith negarfdety dor TupTHHUEI ¢y
increases fromthe initial state in whjch no dots have been fqrned.. Wen

the dot r8@lofAPRYMPLt-CsCbf Lhher § P YOtV it ke 1PtSddtsmaBRFEch™ t A 0ok
repl@ﬁ?negﬁd%fﬂ&gél&%(¥ﬁésfﬂﬂjégg%ffﬂégnfbfe§ﬂpﬁgéé¥ﬁ6éﬁtﬂ}eviously
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 enlarged view illustrating the storage
element 52 mounted on the side face of the ink cartridge 43.
The storage element 52 has a plurality of connection 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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5 the C dots and the Mdots is commenced. The DY ink contains the
conponents of the LC ink and the LMink ( see the condition 6 given

previ ously). Replacenent of the Y dots with the DY dots before the dot
recording ratios of the LC dots and the LM dots reach 100 thus effectively
del ays the timngs of 10 starting the formation of the C dots and the M
dots . The delay of the timngs of starting the formation of the C dots and
the M dots desirably nakes the dots nore inconspicuous and thereby prevents
the granukarifyafrom Q%H&d@ﬁv&%@ﬁ@hb”iﬁi@%éﬂ%ﬁééé‘&@hb@t§$Id?éﬁit§5 Wth
an increase in dot recording ratios of the C, M and DY dots, the li'ghtness
of the cob@r exphessegson(hbe hawn Ng teager are geadnabkgdl owetrd e dar ker
gray. Wien the sum of the dot recording ratios of the CC M and DY inks
reaches t Renpestiiont iteanmdmalisk Sduf, ther gicrageoelemenk Bat s Whemr(the

comrenced ,and th d%t recordin rabi s of the C M anéj DY_dqts are
gradual | ylagcfléﬁgg&. IRt 4tné St Fgglac Fggé,o bRPYCEFRELRIG0EE %ﬁet%f%r‘?%]t?%t a
dot recordi r.at i, of 0. r lf£En L i eprintin
medi uﬁ?i sggggrt g%atél)oo'n Bétg t é)rly}ﬁaalvfﬁé {)ﬁe%gg’lng% ttg%r?t F@gﬁrﬂgﬁﬁ{%gsg r oa[ng(%/\h?t e

to bl ack. e2acthe d=a3y Esnabckle $ifhtdd pNukA1ERY SRR NN oirReo P KOt S
shown in Fig. 27A are conpared with the results of the sinmulation in the

case W t hcatrrtihgeD¥odbbsashowntha &#ata 278 smhes fon red tweenftidiedorot s
desirably delays the timng of starting the formation of the K dots.
Accor di ngPtantee 201 andk it tStorr&aeentenerd p?evi ously, the DY ink

contains the copgponen of  the LCink, the LMink, and the Y ink.
Repl acenent of fHE-Y Eﬂgtssw)?’ﬁ t hBepvddbes ?méc?léﬁ%ce%’%t H&'& oI Bh of

the Cl.(ﬁof[ §n@B?p_toQ%t dd‘i?.tns tg-gPE%oggé‘éZg?Sﬁgﬁttagﬂ. rraflgé r}n{rf?egraslé hl.en ttl}‘lee

restriction of "ink duty an ere ys the timng of starting

formati oniektKcdatsn IJE they cage @énPtéNthBJadageadaki an Rak erddbddqpm white
to black, the use of the DY dots desirably delays the timngs of starting

f ormat i onedkmehe T2 duesn dmdmt hiee Madlodis pamia tetra? 6 | rapdl @hkeor bt t @o lafmt he K
dots, thereby preventing the granularity from bei ng worsened and i nproving
the pictuPé §&gli Ly SPOMSe thés Fonited & ioft ddei Aadermatg-om reHisdnrathe
results 01;1 t@ﬁ simul ative conputation \%tho t _the D}_( dot§: in . the case of
the print g Pagers Havthg® B THes 2%t ri'dtS S8R9k 1ETEY e%%éﬂn"tdl . As

cleariy UBdEE'L%EQPQtBE:Qg@ HeGOBRAN LAAN, PEL UGS é@@régéuéi«éa o561 9.7/ C and
the results of Fig. 27A, the C dots and the K dots start formation at

subst anti abhyrt hprsafmert i 2 Ngsmablds t > tEASehel peaaihgy andr adattiony
pattern fromwhite to black, the 20 inprovenent in picture quality by the
use of therBvagdrssi oft Aatasbomaandalhyoi deatfiioadt witdradr dugy dbdhent in

picture quality b cg n in% the restriction of ink duty set for th
printing Bgﬁﬁre%'isr éfﬁa ;6%190 3d¥othenEeanind ?%%E?F%oﬁfo%{h%ats? AT Y |

suggest t g Y- 4 NK. e . brinti t%jgi i on
pattern f ?%%B\a‘ﬁi tgggt?gg%l %%%a%%ée fcl))rArrﬂaEt }Ogntggsl%rﬁésl%utlﬁ q‘ﬂ% |€1€Q§sft arts
prior2d 0o the fespattothedoUOt SinMd Brkhet&rbakimrd et Rerbki skordde d2%d nk has

a hue closest to that of the Y ink anong the three basic color inks, C M
and Y. ThééPor mthen ddtadhatt agd@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 f£rom 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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with the DY ink starts after the formation of dots with the Y ink. The dots
of the DY ink are nore conspicuous than the dots of the Y ink. Formation of
the 'dots of the DY ink in an overlapping nmanner on the dots of the Y ink
gives a printed 5 inmage of high picture quality with | ess conspi cuousness
of dots . The dots of the DY ink may, however, be fornmed in place of the
dots of the Y ink or sinultaneously with the dots of the Y ink. The dots of
the DY ink are not so conspicuous as the dots of the Cink or the Mink. It

is thus not pecessary to create 10 the DY dots in an overlappi ng. manner on

the Y dot §NaRAGSAPRIESRL LR 2ERAMEREEPEHEL VRFERRON & AhERpE*Randatl e made
conspi cuo and_| r.the picture quality of the resulting printed inage.
The use o#ﬁkh8g5$%&%€e3ésirably reduces the total quantity of ink

consunption. 15pEhe Qg S ndP9GNEr SUEEESit HBIMAE FERRIHh A Q ke tiSAGe; of the
DY ink. In the case of printing a gradation pattern fromwiite to bl ack

f or mat i ono@f thBecdomMs wi,t bCt, heMDYanak DSt anks afreerstaresi nmil taredisdat Wit h
the formation of dots with the LC ink and the LMink. The DY ink has a hue
cl osedt tstphage2ares §he. Y IhskrameAgingequantétpasi ef cotoraspestige M and
Y. It can thus be thought that the dots of t‘%&PY i pk_are created together
with the G8t8Tof %2 BES nk®8natEhECdots 61 LRAFRR. ST nul dth%ns

0 ScussedaBREAAL AL -RLEY IhLRIohACR 2o AL A | O A G BRI 1Y
and i nprovi hg the picture quality o fRe tesuttin printed 1 nage. en
there is aesargved,okorhexaaplikl, ChiyoRnohcehkedtal, poiR dMreaddadie imk
havi ng | ess conspi cuousness are thus selectively created. As long as there
i S no probhenconrgeantlvariting dawaver Theheemajphicempman i0Bies aff timkd C dot s
with the C dots, the LMdots with the Mdots, and the Y dots with the DY
dot s Yhy BECCUmREAR WA thiTeIar@ipaky theriHys kepani k Fidsel vk segddddden t he

imul ati ... Thi th i.nt f_st ' f ti, f the C dots,
The M dot S8 B¢ STV PGLS, Okl e Y UBRsL LI685 1o Ehe Waas WGd5e on i he
he M dot &y e DR el s 2 e Varde o e
Copl nce 1 e cananie  ore R ERe R o BLARPL T b ot SRS e o <

with the DX daksrirkhie steplaaeensala Weoh the DY dots at the earlier timng
thus favorably reduces the 10 total quantity of ink consunption. The use of

t he DY ink gi veShans¢oagé sfohede errep &0 atpirgsuhter dahe cornthe itdmeof a
fiXEQu?”an§£g g£dtgéthBn§f%gQ§ég iiénkhe 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 of 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

'
1
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or prints an inmage of equivalent picture quality with a |less quantity of
total ink consunption. The appropriate setting 15 can thus be selected for
the use of the DY ink based on the priority to the picture quality, the
priority to the less quantity of total ink consunption, or the
conpatibility of these two effects. As descri bed above, the use of the DY
i nk inproves the 20 granularity, which may be worsened by the

conspi cuousness of the cyan dots , the magenta dots , or the black dots in

a gradati t rs nta ink
may al so (ﬁgt&t?e? %}ﬁﬁﬁaﬁﬂﬁﬁnﬁ‘gnﬁﬁﬁeoﬁﬁﬁ yeIrupla)élvr}‘]%no!ﬁr ? ﬁggg% dar k

i nks haVQO?5otfhetﬁEf eshBo@imb AR Mg il ubpbirby hased galhlagn@argl n
for the restriction of ink duty and saving the total quantity of ink
consunpt iagerafhen s sendfe fiffes dardd  yareviek s ipkovesmt beigy areddnig ¥n whi ch
is worsened by the yellow dots and the nmagenta dots. Simlarly the use of
t he dark‘#ﬁbéﬁ?ﬁr$ﬁk°§ohhe PEHREIBE PRETGAPM -arity, which is worsened by
t he yg w dot t cyan, dots. The yellow dots having a high Iightness
are, i nspi cuous and are not the main factor of the

wor sened gr a”“'ﬁgt %2 Ehgw'ésgn%xénﬁ%@%@‘lﬁk%@%&%ftigiﬁ ! y‘?Lt‘fﬁ%hVehe

wor sened granularity nmainly due to e nmagent a t Simlar e use of

the dark degentpriddert 2or 6¥eshé hened Sederl. 9l abilby Bkny admexka the
cyan dots . The use of the dark yellow ink, on the other hand, inproves the

wor sened sgrlantud en igbhtadreed dybetiiinigeadggnatet guamdi t hes Iif ergdntaldat s |,
and is thus nost effective . The dark yellow ink having the yell ow dye as
the main dc%ﬁ&?eﬁltleltéml@&e PR¥SRIpfedotie tathi s Hee v @F&n"#ﬁﬁoéﬂtﬁ’he dar k

nmagenpa |n m_t he V|§ 0|nt foth d q{ anul_ar.i-t gf us? of the
dark yel | oé\fval n us?orlfl[')ss esirab Pg Sliggtngg rﬁ? Foh A 011@61 it h Four
Col or | nk, The jabo¥ppdesaehpt | 08 rﬁ%&ﬁeah%yef Bea&%gofsﬁbstaﬁglahyhe DY
ink in the color printer using the si’x color “inks C, K, LC, and LM
The use afgquivea Idht rdyahioieves oexdmest Bausi nnabarwleiélecm the dye odl or
printer using only the four
the cyan ink, and Acid Red 289, which is the dye of the magenta
ink, to Direct Yellow 86, which is the dye 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 quantities of Direct Blue 199 and Acid
Red 289 or may be prepared by adding a small quantity 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 guantities 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 yvellow 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 yellow ink.

As clearly understood from the above explanation, the

dark yellow ink may have the following definition based on the
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20 color inks C, M Y, and K and the color printer using only the three
color inks C, Mand Y. Figs . 28A, 28B, and 28C show results of sinulations
for-confirmng the effects of the use of the DY ink in the case of printing
a gradation pattern fromred to black with the color 25 printer using only
the four color inks C M Y, and K Fig. 28A shows the results of

sinmul ative conputation of the dot recording ratio with regard to each col or
ink in the case of printing with the DY dots on the printing paper having

t he rest ratcitlioty aff reprdduyiaguablbos220. the gol2B8Bpstimtert.he Th@bdark
results of sinulative conputation of the dot recordi n% ratio with regard to
each col el jimk Rascaseower pkigh trgs S tutthate obythet ¥edhowhanlsei nti ng
paper havj t restriction of ink duty equal to 220. Fig. 28C shows the
Pooul to- o i iR [dat orpian 1 of o HiSHGrea Rt ot P F LS BERY: egar o
to each [ in th a f Lt Lt ho Y; do th
printingq%g%g? gyﬁ%ﬁ tﬁggrzg??i§gpg%%g Qiﬁkﬁguﬁ%gighé%%% %%Bgﬂ%hgﬁ

fol | o8l Nngid Bed 51 & v expertted offr ekt Bpah et th Dok biFetRendhgéhve
conputation shown in Fig. 28A. In the color printer using only the four

col or inkisik si Ace this Ee@bioddnentnotthgs®dscosiity pégahcbdcpdost ank fer mati on
of the C dots at an early timng. As discussed previously, the C dots
formed i mGdHE ] oitcofbdr iggrorddagied  aB haPadnspitheusamed ggntrol
signific I rsen .t ranulLarkty.. Ln_t cas Lth u he DY
i as sidgeadies Feb gt B aBbui s FPaqtRe Brguthi fy thlriielialt

repl aci ng he 16 &0t sg W hatPei Y, dots. The conspi cuousness of the DY dots
formed in the red background is as low as that of the LC dots. The

repl a6ement of Hihgs.Y 24k dairsowgt i 4dheafdY giodshd it cloesuadly wehseinghe
granularity. After the perfect replacenent of all the Y dots with the DY
dots, it tihe vagdatd@nsoln medtle athieridyieuainFiiet e mams lenofh ofel D¥htot s has
al ready |l owered the |ightness of _the color 'red' to sone extent é to the
Val Ue of "Wt T985%6n the Rscrelay LU FBRRALIGh SPiPheSTORMtEB R hus does
not signidj I r L gr | agy h e qf. th [ del ays the
tining(ﬁﬁéﬁég%%% 9%$n£%%%ﬁ O$Q$h2£%£%%?g ZH%§Thg¥§%y%¥$§ro@§g t%@]¥

granul ar idnarddtd M St e AU dtd o ot atd amy tﬁbnﬁﬁvémgn?\fhi pkgeentaens 106
t he conponents of the Y ink, the LCink and the LMink (see tﬁe condition 6
gi vehdabdag) nmtthre 7D0rmmat itbe nofgdrhisa DM ) diotls clerredsed sttheaddty aksordsng
ratio of the Mdots. This gives a certain margin for the restriction of ink
duty and Hedteysins e W@‘h@ﬁ%‘l%h S¥eFPRgOf oP MRt IBAtDf 6@ PenK: dBRd thehus

ti t h larity f ' d.. As cl | d df
Phe. conpat Sof btrech Eneh 0T e bF FL R TS mASTVe® ComsUtat il WiEh e

DY ink showkidhdiW 1806808t hgor gautbssah ke simul ative conputation
wi t hout the DY ink shown 1n Fig. 10 28B, the use of the DY ink

significantly deleaygrdgies téfimggof St@rdndg foramidopwilipesKodotsef rom
t he val ue of about 25~ on the abscissa to the value of about 75~. This
means0t hatanivet inves 60 ndel BYtinkty agaiks Yheorevedes atheo frldmtarity from

bei ng worsened, 15 F_ifgf. 28C shows the results of the_simil ative corrHut ation
regard to different dark yellow (DY) inks. DYl ink shown i

Fig. 14D corresponds to the DY ink having the composition shown
in Fig. 12, and DY2 ink shown in Fig. 14FE 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 yellow ink and also

slightly absorbs +the rays of the wavelength regions
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wi thout the DY ink in the case of changing the restriction of ink duty set
for the printing paper from220 to 260. As clearly understood fromthe
conpari son between Fig. 28B and Fig. 28C, the increase in restriction of
ink duty delays the 20 timng of starting formation of the K dots. The
conpari son between Fig. 28A and Fig. 28C, however, shows that the effects
attained by increasing the restriction of ink duty are |ess than the
effects attained by the use of the DY ink. Even in the case of the printing
paper hay¥hAgablerigdlild olfl @AcObyhAKirk &bl ytiesurdgd ot 260Kk ! he/éi}ﬁﬂ(@ shoul d
start formation at the value of 0~ on the abscissa. The use of the dark

i nk, on the gtaetihaed, ofladidst itdre otfi hiingctfBhtarkidhanidoArat Badd8d he C
dots to the value of about 25~ on the abscissa. As described previously,
cyan i s ebappeferdig yabeoFRELIOThENE AGYS ffe thaisvayelengthgmagions

conspi cuous_in_ the red background, although, the degree of.conspicuousness
o ot S ChAFBA e LA P HEK S Loindtibl e AU i, TPt or AR

for i 0 f e; f 5z1,QN e ' t he
P i G R e B
bright anfa {nEdf&iition thethe ghld ghtatk gegdow Aok da3ts Dyediakeveiniy t he
process of printing a gradation pattern fromred to black, the change to

t he prinabagrpapéhehaaiyn@ft i ehivgiverl emadiy ireiion chandctanistigs oves t he
10 picture quality only in the shadow area (that is, the area having |arge
val ues oﬁh?h&%5§\éWss%§k. aih §d&%f LPRECRFSPnkaPBIRTPh&OBt he¥eRhande

i nproves [ r it r_th e ran aom the hjghlighted area
to the swégg\‘}vgggetgl. %Egé%ﬁygél Ségt P%n‘e'?\?&r)irhrp er qpva]{#llrflaw%ee g)‘%qlrﬂl?trﬁ(s 15

Fi 9s1(29Ac2nd gd9R 10w £ heobgsehhexoh iralfdd Vﬁq&Q&PEB%E'tQBn' N he,Lase of
printing a gradation pattern fromwhite to black with the color printer

usi ng onwgvehengthMregidnYof nk®0 amd too? 00Sinng tihe Krapks bAlFke. tiwd ' bl ack’
col or expressed by the Kink, the ' black' color expressed by a 20

conbi nat A beEtdragyemptaridhey didiferdoes Aot chavachesusticsedf |hidhow

=g e TRl AP TR L U ol il
the v dOﬁfsf_f?%%lrx%eh?}{ecﬁé)%éﬁgﬂQJc{Z‘Q rd '19%11‘%“ a&%Q{pE&Sn %@ﬁné@ﬂ"‘ﬁué he
0 conpu 0

results e Sinulative ation of the recording ratro with
regargl tpyeaghkCaher thek pyd tikks 1%t dlct: sbthe1sap efs tthe tdat] IneorLidg rati os
of the respective color inks naturally exceeds the restriction of ink duty,
and suchhseet.i ngs of the dot recording ratios are not practical. In other
words, only the dimblack color can be 108 expressed by the color printer
usi ng the thredh@oF8MPRARSOTaBetWREathehEeptactivalydof tedr ¥ ngik ati os

are set Ki i.nt.o a nt _t restricti of .ink.duty. Fig..29B shows
t he resu?%shg? 2e lsrfknu g i%\&jléa E%?r%ﬁ?g V%ﬁYSOgPtrfehg a8t ?ﬁéég?d}%gmrga'ti o wth

regard toseaghehpkyi Brigs €88€ Ble UG IR, I 3 $hienp@adi i of-tihd he C,
M and Y dots. In this sinmulative conputation,” since the DY ink contains

t he ZAbnppweniakofst hewk€etinkn the wddé Nkngemdrd dieory oMk isiael d heayeondi ti on
6 given previously) , replacement of the Y dots with 10 the DY dots
desi r abl fhdecmeasess thisd dotthy dder diYdg indt iagsl ghe DY2 ink have lower

lightness than that of the Y ink. The change in characteristics
of light absorption with a variation in quantities 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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the C dots and the Mdots . The use of the DY dots accordingly enables the
expression of the color of sufficiently clear black even when the practical
dot Ttecording ratios are set by taking into account the restriction of ink
duty. 15 As descri bed 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 ensures the expression of the col or of
sufficiently clear black and enables the image of high picture quality to

be_print g2 athidn L0E GalOLRLL N80y Ul ke UG COLO AT oM Y. and

Kand in e col or eér usrng the six col'dr in i'nclu CC and LM

inks in é‘f‘dié@)@%é;?ré@@n@@%’ﬁefsﬁ’é‘fe CO Qfhi YKot 48 #Yrna ait 29Ql or
printer using the Tour color inks or the six color inks, attachnment of the

i nk cartthd@d xfeQrs .t heh2% Y rierk ridi ng paei obfi 3182 rebreakntisdgee aatehe K i nk
with the required operations, for exanple, rewiting the printer driver to
a speci ainpitiimredodsi yee Fagmehdnpyalhikhepabeds -f oFhttdh retoridnByY dot s

d print i f high pict ity includi th fficientl
cl ead bl ek 8oPbr0® FRPTESCNLS dELE (7 HRLE AbVEI A M9 P Peddia Sogmethe”
simul atiyg aﬁ(f)ﬂ?%}fx%tl'sqr" thRCadE&-lq (i".'l?n%%altrlﬁ ¢ahances; £ be i@?%%%&‘i‘; .

freedomin ormation and thus 1 nproves the picture quality unde

vari ety Dat@fi nting 19erdidd plothe eeabanedthgegriee theofripradomiy.t h t he
use of the DY ink enables inages of |low |ightness but high saturation to be
print ed hdlegeatrebgntkn tEnybrbgetnesheoflesheedra@errebatoe be &kperessed
in such images because of the restriction of ink duty. The use of the DY
i nk rel i e¥eSITABNE ¥R OifoRNBf DT HKE HRE PaRRT -+ hdbebylenhbees oD 10Ré col or

expr,essed on the pripti aper to be closer to the desired colo In the
St mllat | VEPLGRUEAL FBR HFSEGECURRESIET he P PR SatiSHARTE 1 hd Sbove
condi ti g, SoiRTe LSl Rficlfifa b dbreablissy Dl el PRk E 1Rl bR hALOYL Nk
shown in Fig. 14D. The 15 use of another DY ink simlar to the DY2 ink al so
exerts theysimklmds eftfed sgiasn b s cais siexh el towheBased rew otrdd nigheary oof
subtractive m xture of colors, it is assuned that the K ink is equival ent
to the cefbiOfat i ohhef lidgétniessd Jaaneasees wiftht han Clingiceasiee Mi det and t he
Y ink. 20 According to the above conditions 4 through 6 , it is thought

that t hePBYOFRkNPs Ttk ned By ad@i ng'iap doaraitdicds of tMrec ARESand the M

| 0 LB oDk on S PG e Kl doSp el Rl SOL L Ll gcolty atd o of

i dent’i ca antities o i Nk, St k., an i K, ink is

thought £0-88aiRg M XMt Ars Yhe364 £@URBRGEY 1 AT1 {8 e d AR M 4nguanti ty
of the Kink. Thé ink thus obtained is simlar to the DY2 ink shown in Fig.

14E. Thereépeectsvdesocibbednaldave with the DY i nk under the above conditions
are thus also exerted by the DY2 ink. In the actual printing operation )
the condition Thatraspnda tisiof 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 ¥ 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 DY1l ink is also
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Kink is equivalent to the conmbination of identical quantities of the C
ink, the Mink, and the Y ink is not strictly fulfilled. The DY2 ink is,
however, expected to have the qualitatively simlar effects to those of the
DYl ink. The DY3 ink having 5 the significantly different spectroscopic
characteristics in the area of the |low sensitivity of vision to the color
may al so be used as the DY ink. The sinulative conputation di scussed above
is carried out under the condition 6 that the DY ink is equivalent to the
10 ink igcd ey heid derttieaal igoantad iseowaf ihhenkGiragnasw rie, LM, ink in
addition to the Y ink. The rates of the LC ink and the LMink added to the
Y i nk arleikddmsy eref Ireatt ineistty ioft i1t dnk hitheowdilieonividy shdle DI3Fig . 12
, the contents of the cyan dye and the nagenta dye included in the DY ink

are appriogif h@selrychsraféegdarticr arpa @biehtls TE Lerd Iesily d)Fé\aé’nérSt he

o “the A% el SRBHRFReERSE BYLAY %b%or%ﬁ?hmgigﬁ% Vegbaghegn S

conpgsi ti ity i 0 aquﬂ dye
and tghe %%%I?g&fi%gégﬂﬁgr?gﬁheq}ﬂﬁégg e cyan 5?%%9?%gx%genta

dye. Theiglecr ease td¥ 18 €Bv Dy the @Ity@SDmcimudeﬁlls@stmﬁ BYwhitk lengt@ases t he
| i ghtness of the DY ink. In this case, starting fornmation of the DY dots
even in té@icr ab€ dbngemeltdtdnverlyolnt ghSPi gt neds (I henown thahetdeate of a

smal | val ue on the abscissa 25 in the graphs of Figs . 25 thro%/%? 29 ) does
not rrakes%rh%lb‘("%IBYso’EdHérb?%Lﬁ;‘{% ta file §6tL ol SeAPRYPEHY dr¥RHES iiPy. The

i ncreasetrw vg%eelsen hlee%res éfml udeedr 'trfxoa;nheb%Y&J[ %Ig.o M thgé%%]lae hand

enabl es Teductl on T he eat er her s her gy t he

formpti omof pthe jR% dot s thIh'DSfaaCﬁ%Eth%y s%@hﬁ'ﬁ%saﬁ]-tli(y aikeeekhects of
i nproving the granularity based on the margin for the restriction of ink

duty andetaan Der$ hen txad £l e et £ § Vi roft Henlwa®enewsh er.gibhe ofr ¢sankr
invention is not restricted to the above 5 enbodi nent or its_ nodi fi cati ons,
but ther@ﬁmyﬁﬁé ahyadt seowRodit i Eagi ods,, ctmfgestrearmﬁ%@gmm@o% wi t hout

departi romithe_scope or spirit of the main charact tics of the
or boent THRANIRGHEL B CE% TS CTHRE Bt (i 8957 Odpfi e BHBroB¥ s t ha

act ual | Zﬂ#@%@éﬁﬁyetﬂy@%#@?% 1BY. b, siippl b 10. Lheaugh 8- gpaminigac i on

line to e nmal n nenor r system or an external storage
devilge. ddier seQREE amd &agwtt r@fléb@ﬂ?ﬁ@?eﬂﬂ Y Qakielre A n lddditsrd ognl y by

the terns of the appended cl ai ns.

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 freedom 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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WHAT IS CLAIMED IS: 1. An ink cartridge detachably attached to a printing
apparatus, which prints an inage with a plurality of basic color inks, the
plurality of basic color inks being conbined with one another to express
achromatic color, said ink cartridge 5 keeping therein at |east one ink to
be supplied to said printing apparatus, said ink cartridge conprising: a
dark ink reservoir that keeps therein a dark ink, the dark ink having a
mai n wavel ength regi on of |ight absorption substantially identical with

that of gpie.Pashc ALY Idie:98l £es ey OvheOl tile Mgl iy gfabasigecol or

I nks but ower |1 ghtness an 1o fhat of the Se asic color ink. 2.
An ink ceshdi€geni Of ag CHr&RNEE WdteLdaiim Jredmleigw deis idaf lofl aktlkas | ower

| i ght ness and saturation than those of one basic color ink selected out of
t he plurédétyredobdsng ratbe)i HksmedSvBth Arhe MK dark indgéel praccdngance
with claiml, wherein the dark ink has a main wavel ength region for nost
stronglyp%%%ﬁrbiﬁBeaQQﬁfﬁﬁﬁ%iRﬁEﬁ%ﬁ%ﬁF%nﬁBe " s %%bEPQnPP&FP¢
idenglcm

_ A Q e ba5| ol or |gk %e ectgd og qtil H{ glurallty of
basi € cofd ﬂff&% réﬁds%s ?‘Eataer} R §F A 16E S TGRS RBREF YTy 2
vavel enggi T ‘%.QéaOBf b 9itibe \)Hl%le@ e+hangsnd ha éba&xfg shB%téﬁ't’i‘éFlﬁ? basi ¢

color ink. 4. An i1nk cartridge In accordance with claim1l, wherein“the dark
I Nk has:cddBesponds to the red color, whereas the area of negative

values (-) along the a* axis substantially corresponds to the
green color. The area of positive values (+) along the b* axis

10 substantially corresponds to the yellow color, whereas the area
of negative values (-) along the b* axis substantially
corresponds to the blue color. The position 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 DY1 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. 1In

20 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 eye

25 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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(A) a characteristic wavel ength region for strongly absorbing a ray in a
visible range to nainly determ ne the hue of the dark ink, which is
substantially identical with a characteristic wavel ength regi on of one
basi c color ink selected out of the plurality of basic color inks; 5 (B) a
mean, val ue of light absorptivity that is greater than or substantially
identical with a nean value of |ight absorptivity of the selected basic
color ink in the characteristic wavel ength region of the dark ink; and (C

a nmean vakdeogf tHegldy abser patvhyy theathues W@ Big t haadasAean twaldie of

i ght absorptivity of the selected basic color ink in a wavel ength region
of visi bilecreakegiht dexcaptondinghataotsrdsis reawvey dmgrieovesganineiget he dar k
ink. 5. An ink cartridge in accordance with claim1, said ink cartridge

further B8WpPPEsthS: haeb‘aéwée@o#lb@ Jrcﬁk TR - ttTé’ce Iéé’é‘p?atvﬁé\geltﬁ"eone

b k | ect ed 5 | | | k 6. A
"hik cartPRBGAM i dEEeyGaRte MR iF ool bR ToRCE AR s tof cBerFuRL Her
conpry si agplgcabaekfbfktﬂeewmu tﬂ@‘th‘éeéﬂémf%ﬂérc@ﬁ Rnl BeK ik sndrch i's

achromati ¢ and 20 has a | ow |1 ghtness An ink cartridge in
accordanggs Wilgh alsi nmide séefletbkveayt ordge dnt tihericerpassangn ard ght ink
reservoir that keeps therein at |east one |ight ink, which has a hue
subst antWQVBSILehdéhti%@iowqfhl@haerdfhfat 6pb@arm banetbisrdéngothe dewgresel ect ed

out of the 5 urality of basic_color |nks but a | ower, densjty than that of
t he at |@£s’firf§%° eg4pPBrof fke Bnk AR | HRSC"&\?Y?}%@EPI‘F darté¥® wit h

claim1, 1ﬁgha?g,n§1%g&pﬁt£%1§ugghgggggg@' 5 $o190, 10 34asie1ealqt ik

reservoir keeps erein‘oné col or Sel'eéCt adout o

pl ur@l it y£0f 1 BAasI gncqhqrs 'w%Kz%le@l@‘iha ddg@n i nk reservoir that keeps therein
at least one [ight ink, which has a hue substantially identical with that

of at |east oneifasie snbws thk seraectedeoutr ah thk pluppaliety 5&f fasi c
color inks but a lower density than that of the at |east one basic 15 color
ink. 9. AfeflaRgcartunnige ofetakhbdlap ankaehBlridga - prine idig apparldeds, which

DIt 2o RS L0 8Ll eat o0 Lok SRl e 231t L dge kegiyjg herel

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
is stuck to an ink supply inlet (not 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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20 said ink cartridge conprising: a dark yellow ink reservoir that keeps
therein dark yellow ink, the dark yellow ink having: ils (A a
characteristic wavel ength region that is nostly 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 determ ne the hue of the dark yellow ink;
and (B) a nean val ue of absorptivity of the ray in the visible range except
the 5 characteristic wavel ength region, which ranges from 10%to 60% 10.
An i nk cirts iodgthdeatespait ivatodoreinks, &l coinpong eapparstars,d vhirely prints
an image with at |east one ink, said ink cartridge keeping therein at |east
one i nk AWt RFedpeTRiNed HBSE MUIRGTRHL D pEA dsIars 44 drpgie dakari dge

conprising. a dark | ] ow i_nk rfservoLr.th t keeps therein dark | I ow i nk,
the dar IONfeI EERETREHMhg? (3918 hSF 1 taed iHEa Tpbeit] @ HangBof 10R
L0 on B AT Lol Y SIS g il on OhpBrBhug e
pri nbi Ngpredpas a4 1§ ,i vBkeBupReldnb g thie prRfteMdi vr beast tecbmbutsai d i nk
cartridge keeping therein at |east one ink to be supplied to said printing
appar at B9 . 2d"igni d8i ik acBlowecdget cdmprirg ay:image processing routine
executed by the printer driver 92.
When the program enters the image processing routine of
Fig. 18, the CPU 81 in the computer 80 first receives image
10 data to be processed at step S100. As described previously
with Fig. 2, the image data are generated by the application
program 91 and transmitted to the printer driver 92. In 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.
- i lution
20 When receiving the image data output from the application
program 81, the CPU 81 carries out a process of converting
resolution at step S102. As mentioned above, the input image
is expressed as a set of pixels. The lengthon 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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an yellow ink reservoir that keeps yellow ink therein; and 116 a dark
yellow i nk reservoir that keeps therein dark yellow ink, which has a | ower
| i ght ness than that of the yellowink. 12. An ink reservoir in accordance
with claim1l, wherein the dark 5 yellow ink reservoir has a greater
capacity than that of the yellow ink reservoir. 13. An ink cartridge
detachably attached to a printing apparatus, which prints an imge with at
| east one ink, said ink cartridge keeping therein at least one ink to be

suppl i ed&ﬂé’e@%rg%% ﬁé%e BR! alys, th]eo dw‘h’éE eCihel E@%lﬁ%ﬁ%&' 3lNg: 2

black in eps therein b I's ac |c and

has a | oyné i giaRRSSisanbwedarhare! taw lﬁlﬁﬁ,&er\ﬂélsrolﬁiﬂtorkeeminbagrel n
dark yellow ink, which has a | ower |ightness than that of yellow ink. 15

14. An|1ﬂ¢¢x@¢laUQendESaphaﬁbymaﬂtachedneuaaepalnewnglappaoatmmagnhlch
prints an Il mage with at |east one ink, said ink cartridge_keeping therein

at | eastddkR DEess BEOAMGRFRRL th-es‘%%SdOBrQ’?ﬁﬁWg“%ﬁﬁilaat usn Y gapRk
Car L, SRS AR LK ML 0 SRR, RabEbsCBRR B L
resolution, on the contrary, the resolution is lowered by
skipping some pieces of image data at a preset rate. The
process of step S102 makes the resolution of the image
coincident with the printer resolution in this manner.
10 B-2. Color Conversion Process
After completion of the resolution conversion 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), magenta (M), and yellow (Y).
In order to print a color image, it is accordingly required
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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a light cyan ink reservoir that keeps therein |ight cyan ink, which has a

| ower. density than that of cyan ink; and a |ight nmagenta ink reservoir that
keeps therein light nmagenta ink, which has a | ower density than that of
magenta ink. 5 15. An ink cartridge detachably attached to a printing
appar-atus, which prints an image with at |east one ink, said ink cartridge
keeping therein at |east one ink to be supplied to said printing apparatus,
said ink cartridge conprising: 1o an yellow ink reservoir that keeps yell ow
I nk therg%n; S d%rk yel l.ow i nk reservoir that keeps therein dark yell ow

i nk, whi ER®ha20atPORe’ 3 i%frness than that of the yellow ink; a cyan ink

reservoir that qﬁﬁ§ i ﬂﬁ{ | N ' | rMQlds 1 hat
keeps therein Fﬁg ‘E‘:‘%ﬁgﬁﬁ}%%é |clﬁé hgggaé%[g\?\grfé{gé%éeﬁé %%%t Géeﬁc‘s{;héar? of the
cyan i nktaplaRgenkaokiik ihegegVoilk ,t Bat akeeps congerita dhk H hey eidhd and a

i ght nmagenta ink reservoir that keeps therein |Iight magenta ink, which has
a | ower tenegityluesnttmtthef Ct e, magelkittonakald@sl.6. Adnshaknchm thiiglge i n
accordance with claim 15, wherein the dark yellow ink reservoir has a
greatder tApakheycomgprshar bl y @ thRePnkifessivdial mpthematical

table (color solid) having the tone values of R, G, and B as
axes. In this embodiment, each axis takes the values in the
range of 0 to 255. A space defined by the mutually
perpendicular R, G, and B axis is referred to as the color space.
10 The conversion table divides the color solid into a number of
small cubes. Each cube has vertexes, at each of which a
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 assumed 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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17. An ink cartridge in accordance with any one of claim1l and clains 9

t hrough 16, said ink cartridge further conprising: a storage device that
stores information regarding a quantity of ink in each of the ink
reservoirs in a readable, veritable, and volatile manner. 5 18. An ink
cartridge in accordance with claim 17, wherein said storage device has an
ink quantity information storage area, which is accessed to be witten
first by said printing apparatus and in which the information regarding the

quant (% 0l 1 eaied OLaLbesbikar 83eRVOLT sahg B1ERE vIGuls. Ayl ni

suppller ! eds a sup 0 ah I'nk car sai d’i'nk cartrldge

bei ng d%t@&dl@é&xyc@t&ﬁ@ﬁeanbenerp@o@tglmea%@d@tﬁd}d keepbRgefingEei n at
| east one ink used by said printing apparatus, said ink supplier

conpri sisets afs€alMd amk ¥ ¢seevoatuebatskieeps &n MnkY | mnal Eewhlngsnanner;

and an ink supply unit that feeds a sugfly of the sealed ink to said ink
cartri dgF, SIB-Suef & n Mhelink: sefal ednd b at e R b F RAY eB@r §BPFeRas: (A)

h Al t | that i | ud I th
angh o BB TEERO0 Ay e chPRAET SR 6 R @ dgt e Fgion et Fongl y

absor bi ng, g, L A% @, %1 Vy Sixdl £ 3P ha d’@k?b)ﬁ el %@'e%eh*l%t@“@#ﬁe&he | nk;

and 20 (B) a nean val‘ue’ of’ absorptrvity o he ray 1n the visible range
except tdwrd@ract €né stbsvvayebangabB1eegi on, which ranges fron110@6to 60%

119 Figs. 20A and 20B conceptually show a method of
calculating tone values of seven colors C, M, Y, K, LC, LM,

10 and DY from the tone values of six colors C, M, Y, K, LC, and
LM in a shadow area (area having low 1lightness). Fig. 20A shows
an example in the shadow area of dark red. The tone wvalues
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 wvalue of DY. As explained
previously with Fig. 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 Y 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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20. An ink supplier that feeds a supply of ink to an ink cartridge, said
ink cartridge being detachably attached to a printing apparatus and keepi ng
therein at |least one ink used by said printing apparatus, said ink supplier
conprising: a sealed ink reservoir that keeps an ink in a sealing manner;
and 5 an ink supply unit that feeds a supply of the sealed ink to said ink
cartridge, wherein the ink sealed in said sealed ink reservoir has: (A a
hue included in a specific range of 10R to | OGY on a Munsell hue circle;
and (B) R &&f4ratd ofbfhed Mo RIry 13- /28 OnuReMiRsele GRM aMBert@ih5 120
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20 scanners or the printing apparatuses.
B- rti
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
250 represents an image of 256 tones with regard to the seven colors
c, M, ¥, 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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() - ! 3Sy#84 &oherEAPRK' TaE) f&)lié{vEﬁg'd‘estﬂrpﬁ-ﬂJn does not specify
the color, for the clarity of explanation. When the program
enters the binarization process, the CPU 81 reads image data

10 Cd at step S200. The image data Cd have 256 tones with regard
to each color after the color conversion. The CPU 81 generates
correction data Cdx from the input image data C4d 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 S202 adds a sum of
error portions distributed from the surrounding processed
pixels to a pixel of interest, which 1is 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 gdenerated 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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is set to the resulting wvalue Cdr at step S5208. The
predetermined threshold value th is a reference value used to
determine whether or not a dot is to be created in each pixel.

The CPU 81 then calculates an error of binarization in
the pixel of interest and diffuses the calculated error to the
peripheral pixels in the vicinity of the pixel of interest at
step S5210. The error is equal to a difference by subtracting
the result of the tone number conversion from the tone value
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' is expressed in the
pixel. In this case, there is an error of 64 - 256 = -191.
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 weights shown in Fig. 23. For example,
when the target of pixel PP has the calculated error
corresponding to the tone value '64', an error portion
corresponding to a tone value '16', which is 1/4 of the error,
is diffused to an adjoining pixel P1. The total of such
diffused errors is reflected on the image data Cd, so as to

generate the correction data Cdx at step S202 described above.
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with regard to each color and thus enables the quick processing.
The independent and simplified processing with regard to each
10 color enables parallel data conversion using an exclusive image
processing apparatus. This arrangement ensures the gquick
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, Y, 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.
_ . . {on . i the
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 values 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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hatched in Fig. 24 represent pixels in which the dot is to be
10 created.

As described above, the binarization by the systematic
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 pixels with regard to the seven colors
C, M, Y, K, LC, LM, and DY based on the results of the comparison.

Like in 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, Y, 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 Y. 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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completion of the process of converting the number of tones,
the CPU 81 starts an interlace process at step S108. The
interlace process reorders the image data, which have been
converted to the dot on-off conditions by the process of
10 converting the number of tones, in a sequent to be transferred
to the color printer 20. As discussed above, the color printer
20 drives the print head 41 to form rows of dots (raster lines)
on the printing paper P while repeating the main scan and the
sub-scan of the carriage 40. As described previously with Fig.
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 themain scan. In order to shorten the printing time,
the control procedure may cause dots to be formed by both

forward passes and backward passes of the main scan.
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In order to confirm the effects of the DY ink on the
improvement in picture quality, the simulative computation
discussed below was carried out. The following conditions
were set for the simulative computation:

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 eguivalently replaceable with

20 M dots at a 1/4 dot recording ratio; and

Condition 6: DY dots are equivalently replaceable with
a combination of LC 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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effects of the DY ink on the improvement in picture quality

by the simulative computation are, however, sufficiently
5 applicable to the actual printing results.

C-1. Gradation Pattern from Red to Black

Figs. 25A, 25B, and 25C show results of simulative
computation of the dot recordingratiowith regard to each color
ink in the case of printing a gradation pattern gradually

10 becoming dark from red to black with the color printer 20 of
the embodiment. According to the above conditions, the
gradation pattern from red to black is a pattern having the
linearly increasing dot recording ratio of C dots from 0% to
100% while keeping a dot recording ratio 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 darkened 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 Mdots 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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the dot recording ratio of the Y dots is gradually decreased.
The DY dots formed in the hue of red are not so conspicuous,
because of the following reason. According to the above
condition 6, formation of the DY dots is equivalent to formation
of the Y dots, the LM dots, and the LC dots at the same quantity
as that of the DY dots. The Y dots or the LM dots formed in
an image 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
hue of red is as low as that of the LC dots, and the DY dots
are thus significantly inconspicuous.

It can be assumed that the DY ink includes the LC ink
and the LM ink in addition to the Y ink (condition 6 given above).
Formation of the DY dots accordingly decreases the dot
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 ratio of the
LC dots. After the sum of the dot recording ratios of the M,
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 conspicuous C dots desirably prevents the
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& ()- ﬁ ghgkr EEE Xslgg %aéaon 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 low lightness and are
rather conspicuous in the color of bright red to worsen the

10 granularity. As in the case of Fig. 25A, however, the C dots
are not so conspicuous in the color of dark red, which is
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. 25A,
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
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are formed at the recording ratio of 100%. Formation of the
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 about
70% on the abscissa. These dots are accordingly not

conspicuous to lower the picture quality.

Fig. 25B shows the results of the simulative computation
of the dot recording ratio with regard to each color ink in
10 the case of printing a gradation pattern from red to black
without the DY dots on the sheet of printing paper having the
restriction of ink duty 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%. 1In 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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to black is printed without using the DY ink on the printing
paper having the restriction of ink duty equal to 220%, the
C dots are conspicuous in the color of still bright red and
the K dots are conspicuous in the color of relatively dark red.

10 This gives an image of the poor granularity. In other words,
the use of the DY ink improves the granularity. If the DY dots
themselves are rather conspicuous, the use of the DY ink is
meaningless 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 ¥ ink and the LM ink included in the DY ink
are not conspicuous against the background 'red' ceclor. This
means that only the component of the LC ink included in the
DY dink has a possibility of conspicuousness. The
conspicuousness of the DY dots formed in the red background

20 is thus substantially equivalent 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 equal to 260%. The pure color 'red'

(the value of 0% on the abscissa) is gradually darkened with
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restriction of ink duty, replacement of the LC dots with the

C dots should be commenced to further darken the color of red

when the dot recording ratio of the LC dots reaches 60% (the

5 value of 15% on the abscissa). When the dot recording ratio

of the C dots reaches 60% (the value of 65% on the abscissa),

no further formation of the C dots is allowed. Formation of

the K dots is thus commenced, while the dot recording ratios

of the C, M, and Y dots are gradually decreased. At the final

10 stage, only the K dots are formed at the dot recording ratio

of 100% (pure 'black' color). According to the comparison

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 conspicuous 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

o
ot

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 Y. 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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closest to that 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

10 ink are created together with the dots of the LC ink.
In the prior art color printer using the six color inks,
C, M, ¥, K, LC, and LM, the quantities of consumption of the
Y, LC, and LM inks are greater than the gquantities 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 Y ink. Since the DY ink contains the dyes
of cyan and magenta, the use of the DY ink also decreases the
gquantities 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 frequency 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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5 that dots of only two color inks (in this example, the Y dots
and the M dots) have already been formed. Similar effects are
thus naturally exerted in the case of printing a gradation
pattern from green to black with replacement of the M dots with
the C dots and the LM dots with the LC dots. The effects of
10 varying the quantities of the cyan dye and the magenta dye added

to the DY ink will be described later.

- Lon to B
¥igs. 26A, 26B, and 26C show results of simulative
computation of the dot recordingratiowith 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 to 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 equal 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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ratio of the LC dots is thus four times the rate of increase

in dot recording ratio of the Y dots. When the dot recording

ratios of the LC dots and the Y dots increase and the sum of

the dot recording ratios of the M dots, the Y dots, and the

10 LC dots reach the restriction of ink duty, replacement of the

Y dots with the DY dots is commenced. After the perfect

replacement of all the Y dots with the 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 LC 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

simulation 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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computation of 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
10 restriction of ink duty equal to 220%. Compared with the case
with the DY dots shown in Fig. 26A, in the case without 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 Y dots with

[\]
ot

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.
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slightly delays the timing of starting the formation of the

C dots. This results in a significant improvement in
granularity. If the DY dots that start formation at a
relatively early timing are conspicuous, the granularity of
the resulting printed image is not actually improved. The
conspicuousness of the DY dots is thus a key factor. As
described previously, the DY ink includes the components of
the LM ink, the LC ink, and the Y ink (see the condition 6
mentioned above). When the dots of the DY ink are formed in
the magenta 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
Y dots, are not so conspicuous in the magenta background.
Formation of the DY dots 1is 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
dots in the magenta background even at a relatively 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 thus significantly
improves the granularity of the resulting printed image.
Fig. 26C shows the results of the simulative computation
of 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 almost the same
5 as those in the case of Fig. 26A. When a gradation pattern
frommagenta to black is printed, substantially similar effects
of improvement in picture guallty 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 without the DY dots on the printing paper having the restriction

of ink duty equal to 260%.

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 prevents

15 the granularity from being worsened and thereby improves the
plcture quality of the resulting printed image. Another
effect of using the DY ink is reducing the quantities 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 Y 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

magenta 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
magenta to black as an example of gradation patterns starting
from the condition that dots of only one color ink have already
been formed. Similar effects are thus naturally exerted in
the case of printing a gradation pattern from cyan or yellow
10 to black with replacement of the M dots with the C dots or the
Y dots.
C-3. Gradation Pattern from White to Black
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 f£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 equal 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. 27A, in the case of printing a gradation

pattern from white to black, formation of the LC dots, the LM
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in which no dots have been formed When the dot recording
ratios of the LC dots and the LM dots approach to 100%,
replacement of the LC dots and the LM dots respectively with

5 the C dots and the M dots is commenced. The DY ink contains
the components of the LC ink and the LM ink (see the condition
6 given previously). Replacement of the Y dots with the DY
dots before the dot recording ratios of the LC dots and the
LM dots reach 100% thus effectively delays the timings of

10 starting the formation of the C dots and the M dots. The delay
of the timings of starting the formation of the C dots and the
M dots desirably makes the dots more inconspicuous and thereby
prevents the granularity from being worsened in the resulting
printed image.

15 With an increase in dot recording ratios 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 in 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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20°?r ?s? PGB @BLLing formatlon of the C dots and the M dots and starting
10 formation of the K dots, thereby preventing the granularity
from 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%. As 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 quality 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. 1In the case of printing a gradation pattern
from white 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, C, M, and Y. The formation of dots

102



10 110%& ()-1 !10%& ()-!10%& ()- 10z 10z

10zF<10%& ()- 4! 10%& () - ~@® AAATBBz[ <bC |

10t 1 109& ()-t!109%& ()- @! 109&' ()-!~s#10%& ()-![Ft! 10%& ()-!

10%&' () - BBBLCCC5DAELC

10+ F109&' () - *#10%& ()-&s! 109 ()-$ ! 109&' () - 9#109%&' ()-s9! 10%& () - 5D"DD| EE
EF} A?bC

109" 1 109%&' ()-8 ! 10%& ()-L6t!10%&' ()-!~s2#10%& ()-!n-!110%& ()-G ! 10%& () - GFF
FFFFGXCarif® 1604 109&) () - s E4208Raftel! tRE1O8EMAY16h18%Ra6Ys wQtAOLAR

<10%& ()- GVHHI | | Yda?~_@

10! i St 1YL0RMRK ( ) “ThSHAGEE (Dhey PYH10KRarE- MbieYRoaspEepsis0¥Rian) the! 10%& ()
- Z9%9kJIK MMWWMVE[ PE: 10 10 10 103Y= o

1098 () -doksaohe X inks)ofpryation p€1bbe 49t of ooge OY NAVIROENP| Z; PE:

10 &1@%%$3£i£53f%89§%£%é§ b%\¥ﬁéog§£g)6% the Y ink gives a printed
5 image of high picture quality with less conspicuousness of dots.

The dots of the DY ink may. however, be formed in place of the

dots of the Y ink or simultaneously with the dots of the Y ink.

The dots of the DY ink are not so conspicuous as the dots of

the C ink or the M ink. It is thus not necessary to create

10 the DY dots in an overlapping manner on the Y dots. Any of
these arrangements does not cause the DY dots to be made
conspicuous and lower the picture quality of the resulting
printed image. The use of the DY ink desirably reduces the
total quantity 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

as there is no problem in granularity, however, the replacement
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timings than those discussed in the simulations. This makes
the points of starting formation of the C dots, the M dots,
the DY dots, and the K dots closer to the value of 0% on the
abscissa. According to the condition 6 given above, it is
possible to replace the same quantities of the Y dots, the LC
dots, and the LM dots with the DY dots. The replacement with
the DY dots at the earlier timing thus favorably reduces the
total quantity of ink consumption.

The use of the DY ink gives an image of better granularity
under the condition of a fixed quantity of total ink consumption
or prints an image of equivalent picture guality with a less
qguantity of total ink consumption. The appropriate setting
can thus be selected for the use of the DY ink based on the
priority to the picture quality, the priority to the less
quantity of total ink consumption, or the compatibility of
these two effects.

As described above, the use of the DY ink improves the
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 yellow ink, these dark inks have
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 cyan ink improves the
granularity, which is worsened by the yellow dots and the

magenta dots. Similarly the use of the dark magenta ink
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and the cyan dots. The yellow dots having a high lightness
are, however,‘originally inconspicuous and are not the main
factor of the worsened granularity. The use of the dark cyan
5 ink thus improves the worsened granularity mainly due to the

magenta dots. Similarly the use of the dark magenta ink
improves the worsened granularity mainly due to the cyan dots.
The use of the dark yellow ink, on the other hand, improves
the worsened granularity due to both the cyan dots and the

10 magenta dots, and is thus most effective. The dark yellow ink
having the vyellow dye as the main component 1is less
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. Applicati to Print {th F o3 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 effects 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. 28A, 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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with regard to each color ink in the case of printing without
the DY dots on the printing paper having the restriction of
ink duty equal to 220%. Fig. 28C shows the results of
5 simulative computation of the dot recording ratio with regard
to each color ink in the case of printing without the DY dots
on the printing paper having the restriction of ink duty equal
to 260%.
The following effects are expected from the results of
10 the simulative computation shown in Fig. 28A. In the color
printer using only the four color inks, since the LC ink is
not used, it is required 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 conspicuous and
15 significantly worsen the granularity. In the case with the
use of the DY ink as shown in Fig. 284, the color of red is
gradually darkened by replacing the Y dots with the DY dots.
The conspicuousness 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
DY dots, it is required to create the C dots. The formation
of the DY dots has already lowered the lightness of the color
'red’ to some extent (to the value of about 25% on the abscissa).
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.

In this simulative computation, since the DY ink contains
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decreases the_dot recording ratio of the M dots. This gives
a certain margin for the restriction of ink duty and delays
5 the timing of starting formation of the K dots, thus preventing
the granularity from being worsened. As clearly understood
from the comparison between the results of the simulative
computation with the DY ink shown in Fig. 28A and the results
of the simulative computation without the DY ink shown in Fig.

10 28B, the use of the DY ink significantly delays the timing of
starting formation of the K dots from the value of about 25%
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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As described above, in the process of printing a
gradation pattern from red to black, the change to the printing
paper having the higher restriction of ink duty improves the
10 picture quality only in the shadow area (that is, the area
having large values on the abscissa). The use of the DY ink,
on the other hand, improves the picture quality over the whole

range from the highlighted area to the shadow area.

_ . . o . . I

15 Figs.29A 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
ratibs 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 restriction 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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of using the DY dots in addition to the C, M, and Y dots. 1In

this simulative computation, since the DY ink contains the
components of the LC ink, the LM ink, and the Y ink (see the
condition 6 given previously), replacement of the Y dots with
the DY dots desirably decreases the dot recording ratios of
the C dots and the M dots. The use of the DY dots accordingly
enables the expression of the color of sufficiently clear black
even when the practical dot recording ratios are set by taking
into account the restriction of ink duty.

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
ensures the expression of the color of sufficiently clear black
and enables the image of high picture quality to be printed
with the color printer using the four color inks C, M, Y, and
K and in the color 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
DY ink in place of the ink cartridge for the K ink with the
required operations, for example, rewriting the printer driver
to a special printer driver for the DY ink, enables formation
of the DY dots and prints an image of high picture gquality

including the sufficiently clear black color.
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As described above wilth the results of the simulative

computation, the use of the DY ink enhances the degree of
freedom in dot formation and thus improves the picture quality
under a variety of printing conditions. The enhanced degree

5 of freedom wilith the use of the DY ink enables images of low
lightness but high saturation to be printed adequately. In
many cases, the desired color can not be expressed in such
images because of the restriction of ink duty. The use of the
DY ink relieves the restriction of ink duty and thereby enables

10 the color expressed on the printing paper to be closer to the
desired color.

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 gquantities 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 DY2 ink.

In the actual printing operation, the condition that the
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K ink is equivalent to the combination of identical quantities

of the C ink, the M ink, and the Y ink is not strictly fulfilled.

The DY2 ink is, however, expected to have the qualitatively

similar effects to those of the DYl ink. The DY3 ink having

5 the significantly different spectroscopic characteristics in

the area of the low sensitivity of vision to the color may also

be used as the DY ink.

The simulative computation discussed above is carried

out under the condition 6 that the DY ink is equivalent to the
10 ink including the identical quantities of the LC ink and the
LM ink in addition to the Y ink. The rates 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 cyan 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 wvary 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. In 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 effects of improving the granularity based on the margin

for the restriction of ink duty and saving the total quantity
of ink consumption.
The present invention is not restricted to the above
5 embodiment or its moaifications, but there may be many other
modifications, changes, and alterations without departing
from the scope or spirit of the main characteristics of the
present invention. For example, the software or application
programs that actualize the above functions may be supplied
10 through a communication line to the main memory of the computer
system or an external storage device.
The scope and spirit of the present invention are limited

only by the terms of the appended claims.
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WHAT IS CLAIMED IS:

L. An ink cartridge detachably attached to a printing apparatus, which
prints an image with a plurality of basic color inks, the plurality of basic color inks
being combined with one another to express achromatic color, said ink cartridge

5  keeping therein at least one ink to be supplied to said printing apparatus,

said ink cartridge comprising:

a dark ink reservoir that keeps therein a dark ink, 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

10 that of the selected basic color ink.

2. An ink cartridge in accordance with claim 1, wherein the dark ink has
lower lightness and saturation than those of one basic color ink selected out of the
plurality of basic color inks.

15

3. An ink cartridge in accordance with claim 1, wherein the dark ink has
a main wavelength region for most strongly absorbing 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 a wavelength region

20  of the visible range than that of the selected basic color ink.

4. An ink cartridge in accordance with claim 1, wherein the dark ink has:
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(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;

5 (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
characteristic wavelength region of the dark ink; and

(C)  amean 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

10  light except the characteristic wavelength region of the dark ink.

5. An ink cartridge in accordance with claim 1, said ink cartridge further
comprising:
a basic color ink reservoir that keeps therein one basic color ink selected out

15  of the plurality of basic color inks.

6. An ink cartridge in accordance with claim 1, said ink cartridge further
comprising:
a black ink reservoir that keeps therein black ink, which is achromatic and

20  has a low lightness.
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a light ink reservoir that keeps therein at least one light ink, which has a hue
substantially identical with that of at least one basic color ink selected out of the
5  plurality of basic color inks but a lower density than that of the at least one basic

color ink.

8. An ink cartridge in accordance with claim 1, said ink cartridge further
comprising:
10 a basic color ink reservoir that keeps therein one basic color ink selected out
of the plurality of basic color inks; and
a light ink reservoir that keeps therein 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 of the at least one basic

15 color ink.

9. An ink cartridge detachably attached to a printing apparatus, which
prints an image with at least one ink, said ink cartridge keeping therein at least one
ink to be supplied to said printing apparatus,

20 said ink cartridge comprising:
a dark yellow ink reservoir that keeps therein dark yellow ink, the dark

yellow ink having:
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5  characteristic wavelength region, which ranges from 10% to 60%.

10.  An ink cartridge detachably attached to a printing apparatus, which
prints an image with at least one ink, said ink cartridge keeping therein at least one
ink to be supplied to said printing apparatus,

10 said ink cartridge comprising:

a dark yellow ink reservoir that keeps therein dark yellow ink, the dark
yellow ink having:

(A) ahue included in a specific range of 10R to 10GY on a Munsell hue
circle; and

15 (B)  asaturation of smaller than 3.5C on a Munsell chroma.

11.  An ink cartridge detachably attached to a printing apparatus, which
prints an image with at least one ink, said ink cartridge keeping therein at least one
ink to be supplied to said printing apparatus,

20 said ink cartridge comprising:

an yellow ink reservoir that keeps yellow ink therein; and
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a dark yellow ink reservoir that keeps therein dark yellow ink, which has a

lower lightness than that of the yellow ink.

12. An ink reservoir in accordance with claim 11, wherein the dark

yellow ink reservoir has a greater capacity than that of the yellow ink reservoir.

13.  An ink cartridge detachably attached to a printing apparatus, which
prints an image with at least one ink, said ink cartridge keeping therein at least one
ink to be supplied to said printing apparatus,

said ink cartridge comprising:

a black ink reservoir that keeps therein black ink, which is achromatic and
has a low lightness; and

a dark yellow ink reservoir that keeps therein dark yellow ink, which has a

lower lightness than that of yellow ink.

14.  An ink cartridge detachably attached to a printing apparatus, which
prints an image with at least one ink, said ink cartridge keeping therein at least one
ink to be supplied to said printing apparatus,

said ink cartridge comprising:

a dark yellow ink reservoir that keeps therein dark yellow ink, which has a

lower lightness than that of yellow ink;
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a light cyan ink reservoir that keeps therein light cyan ink, which has a lower
density than that of cyan ink; and
a light magenta ink reservoir that keeps therein light magenta ink, which has

a lower density than that of magenta ink.

15.  An ink cartridge detachably attached to a printing apparatus, which
prints an image with at least one ink, said ink cartridge keeping therein at least one
ink to be supplied to said printing apparatus,

said ink cartridge comprising:

an yellow ink reservoir that keeps yellow ink therein;

a dark yellow ink reservoir that keeps therein dark yellow ink, which has a
lower lightness than that of the yellow ink;

a cyan ink reservoir that keeps cyan ink therein;

a light cyan ink reservoir that keeps therein light cyan ink, which has a lower
density than that of the cyan ink;

a magenta ink reservoir that keeps magenta ink therein; and

a light magenta ink reservoir that keeps therein light magenta ink, which has

a lower density than that of the magenta ink.

16. An ink cartridge in accordance with claim 15, wherein the dark

yellow ink reservoir has a greater capacity than that of the yellow ink reservoir.
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17.  An ink cartridge in accordance with any one of claim 1 and claims 9
through 16, said ink cartridge further comprising:
a storage device that stores information regarding a quantity of ink in each of

the ink reservoirs in a readable, writable, and volatile manner.

18.  An ink cartridge in accordance with claim 17, wherein said storage
device has an ink quantity information storage area, which is accessed to be written
first by said printing apparatus and in which the information regarding the quantity
of ink in each of the ink reservoirs is stored.

19.  An ink supplier that feeds a supply of ink to an ink cartridge, said ink
cartridge being detachably attached to a printing apparatus and keeping therein at
least one ink used by said printing apparatus, said ink supplier comprising:

a sealed ink reservoir that keeps an ink in a sealing manner; and

an ink supply unit that feeds a supply of the sealed ink to said ink cartridge,

wherein the ink sealed in said sealed ink reservoir has:

(A) a characteristic wavelength region that is mostly included in a
wavelength range of 400 nm to 500 nm, the characteristic wavelength region
strongly absorbing a ray in a visible range to mainly determine the hue of the ink;
and

(B) amean value of absorptivity of the ray in the visible range except the

characteristic wavelength region, which ranges from 10% to 60%.
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20.  An ink supplier that feeds a supply of ink to an ink cartridge, said ink
cartridge being detachably attached to a printing apparatus and keeping therein at
least one ink used by said printing apparatus, said ink supplier comprising:

a sealed ink reservoir that keeps an ink in a sealing manner; and

5 an ink supply unit that feeds a supply of the sealed ink to said ink cartridge,
wherein the ink sealed in said sealed ink reservoir has:

(A)  ahue included in a specific range of 10R to 10GY on a Munsell hue
circle; and

(B)  asaturation of smaller than 3.5C on a Munsell chroma.
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