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OF THE INVENTION Field of the Invention The present invention relates to a
t echni que of formng an adequate di stribution of ink dots of respective

colors on ﬁfréﬁt*ﬁg f.ﬁ?‘gf o as to print an inmage expressed in a

wi de range o nat ur scrlptlon of the Related Art In a

printing apparat ussihainei e@s&mnkpﬂmrplﬁrsmmmiﬁ BRINOURG G EHRATIS, from
a print head and thereby expresses an inage of natural, colors on a

printing nedfEFHOF O COBTROLLIKGS PRINTAING OBERBYAON ( @)ETngethm(bMINQ/,el | ow
(Y), and black (K), are basically used t:o create ink dots and print an

i mage. The 1V MARKRHEFar aiNFs TEFRH ERes AV REGORRAYG MREIPMght ness, whi ch
20 are |§dexes representing the color, so as to print an image expressed

in a wi dé range of natural, colors. The hue, that 1is, the 'color' or

“tint' sucﬂhcq&;mﬁﬂm)rozblgqg, iNvENEdat ed by changing the ratio of dots
of the C M and Y inks ejected fromthe print head.. The lightness is, on

t he ot her handl1R# efd arattdiioehangi ng the density of dots. Regul ati ng
the ratio and the density of dots created wth the respective color inks

on the printing rﬁé’&euﬁféﬁébli e@l‘é@fﬁrlicm &g lokagete @ ﬁavenleuw%fpéfﬁgegof
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10  a printing medium, so as to print an image expressed in a wide

range of natural colors.

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

a wide range of natural colors.

Some recently developed printing apparatus use light



cyan (LC) ink and light: magenta (LM ink, (additionally |ight ow (LY)
i%k i§1 sone cases) in addition to the above four basic co%gad?%‘%g%)&so as
to significantly inprove the picture quality in an area of high |ightness.
In the case where an 5 image in the area of high lightness (that is, the

hi ghlighted area) is printed with only four color inks, C, M Y, and K a
sparse distribution the C and M dots undesirably nakes these dots

conspi cuous aRdnt hecebynd ewer $iLhe L (aval ity of a4t Lint ed, i mage.
The phenonenon of making the dots con%oi cuéuga}lo tbq&rdslgﬁ%tnﬁg'l??g?%g

quality is expiéswedLby ihle trersumepeasesyr anub@dityon td the dbbibcabhrto
reproduce the inmage information with regard to a fine part with the
sparsely di SEFLBUERHCBOIYEKS THISs asstal $bon hel ¢aision iobove pberppéttue e
quality of t pesulting printed_inage with only the four.. color 1.5 inks,
C MY, anda%1 -‘?ﬁ% %%t%no?r%‘%eoié‘ it o (adBi thenaRF§ THEFRKERI n
SOME OCCaSi ONBAgalEh @R Lbea0tPelighan htn@gﬁ 0, £ONSPT GHOUS #5&? dots of
the C and Mdots and thereby do r?ot Igwer t eépl cture qual |Jf€§]() ?leeé)
hi ghli ght ed area) ThepriiGandriiM ioks, enakl eotibe daks,to,be, for mdiat, a
hi gher density 20 than the C and Minks. This accordingly enables
repr oduct i or? SPRTSRedis FagRUT heB it Comdwt fotegardt sicatly hakes pardseand
further inproves the picture qq%la,l [ %y Because of these reasons , the
printing appatat S TEHATCERRT FPEPEY +PKeTs ithe Ribe hyre vealatanet (bR nks
(or the severGAldf ilaks [ Urldeh addb Ok MG kil BK) IJRLONeS Jf1e
picture quality of theb hi ghl i E{u ed ar ea, #Hrga%lﬁ%%hgr O%)Sr ic%liS. g“‘é’r%lfr at us
i ncl udi a9 t heseousiengtheheibighe quiksithHawewebre§8BaNey S feGhENbloh
inprove the picture quality in an area of low lightness (that is, the
shadow 2 2Pre@gieeritydos It dis 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 quality. Because of these
reasons, the printing apparatus using the six color inks
including the LC and LY inks (or the seven color inks further
25 including the LY ink) improves the picture quality of the
highlighted area.
The prior art printing apparatus including those using
the 1light inks, however, can not sufficiently improve the

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



area) , because of the reasons discussed bel ow. Especially_the J)ri nting
apparatus using the light inks have an insufficient i rrpro%ﬁﬁtﬁ? Irizﬂc’epi cture
quality in the shadow area, while significantly inproving the picture
quality in the highlighted 5 area. This problemis explained with an
exanpl e of a gradation pattern fromred to black with a gradual decrease
in lightness. The color 'red is reproduced, by m xture of magenta dots

and yel | ow dots.) , Thechi abigresse ir%a's@W%r&gsaYs%EEﬂ8Q.OfE§%{‘giczgfﬁ O{tgéo or

bl ack dots. Formation of black dots on red dots makes the
extrenely copsphtiogsappaaataseesuppesediydthayes mah0MR0eReQEs i e9LAk.
This results in the poor granularity. The dots of cyan, which is
conpl ement ar Y"PEOVEHCNAr € Tal Bi- T Hichequa ks pisudhs erhadwer raceaot shile
al t hough the geﬁggecof‘ 15 conspi cuousness i.s | ower than that of the black
dots. For mafiOR of CeYEhY dOP O e U BLS tHRGIUR Lig ¥ e iheshi ghihehtedt her
poor gramul agfLy. As in the case of the highlighted area, the use of the
light cyan ink effectively inproves the granularity. Fromthe viewpoint of
the inprovement irrls granilear i$ Yxpiha nddghi teyanekblpi s JPstgpseierabl e
over, the cyan ink and the black ink to formdots over the red dots.
Addi ti on of RHeteyadrdst sedrto hbadk adithdogsadnathdeceshaotia 1haivimegs a.
suffi ci entIyTIow |i ghtness, _however(,:1 does not nmake the cyan dots or the
bl ack dot's SRR UGEE bt KEBFRUERRd 125 TyrtmHea P Yasien 6at 4g vs [RRAI
There is a rgestrdchibLeR . ofpf Otal  quantity: 'nﬁ gjected. per.unit area on
the printi nfrredi um and it i i rrppssijb ég Slre ebl%ﬁﬁéﬁg%ﬁgo efi$ft Ootfs dot
formati @0 |ior bllessd Yotshi sForfmstidiCibiroB1hsk! &5 €s IR0 rb@ astthea&stiiLtion
of ink duty. 3 27 Cctober 2006 :
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 cyan 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 quantity 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.



Ej ection of ink over the allowed density of dots causes bl ar i nkl es
on the printing medium 1In order, to avoid such problensfggz%%x%?%%ting
medi um has a preset maxi numdensity of dots (restriction of ink duty)'.
The total density of dots 5 created with the respective inks shoul d not
exceed this restriction of ink duty. Wien the gradation pattern fromred
to black is printed, it is required to add the light cyan dots or the cyan

dots. The Cgh Brioh€dr 48 Ohkg pably Bxpressed iRy ar! @d@e Juher b16ts10
yel l ow dots a magenta dots as nentioned previousSly. Formation of even a
smal | . nunbeprofrkhghtscyantdet sromt Dy@mediains. t s ocdesesot hgotidt alich
quantity of ink to reach the restriction of ink duty. In the course of the
gradation, thepbleins.aegondbnitying mrdiibitdsor sreseaitt FeKiagd €eBA1EY t he

| ight 15 cyan _dots or the cyan dots, In the. practica perat.i.on, -whe

there is son@fﬁ%QEﬁrﬁ?%ﬁtﬁﬂéélFESPFi%T$6Hﬂﬁ5‘inggau Q%afi Slt?&ﬁﬁmgggg are
added to 4 edlohsofO MLl edDerELOBLRESS. JASN cAdiP1d Ohdk, AN t¥nob 1Nk
reaches the resiriction of 1nk duty, even If the cyan dots may have
adverse effegtstoncthen28rogigwud@tyty of the resulting printed inage, the
cyan dots instead. of the |light cyan dots should be formed to further
decrease the |ightiess. thghgnadabionmat tequafitemyrest tpriklagais PFEaEP@s t he

restriction of ink duty under the condition of tEe per f ect rgglqgegent of
the light cyhh #otEe@iiFee e Gfith 6t 41984 Y8R FPTPhBTbF ARk HoT s Are:
conspi cuous, .t he cki S si.Nst.e £t S e to
further decr%%%ém?kgl ﬁggﬁtﬁgsé%gggn?ggy§%§%%%$§?gghfthggggagg?ﬁ?%m/.
lightnesg) bavisg tdeOr adat i @agénem raskd o bl aekntibregyapratotsusng. t he

bl ack dots are often used irrespective of their conspicuousness, 4 27
Oct ober 2006Formation of even a small number of light cyan dots or cyan
dots thus causes the total quantity of ink to reach the
restriction of ink duty. In the course of the gradation, there

is accordingly a prohibition of further addition of the light

15 cyan dots or the cyan dots. In the practical operation, when

‘theré is some margin for the restriction of ink duty, light

cyan dots are added to red dots to lower the lightness. When

the total gquantity 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,

95 even if the black dots are conspicuous, the black dots instead

of the cyan dots should be formed to further decrease the

lightness. In the shadow area (the area of low .lightness)

having the gradation from red to black, the cyan dots and the

black dots are often used irrespective of their conspicuousness,



because of the restriction of ink duty. This naturally res%lés ig t he poor
granul arity. The above 'description regards the exanple of“p FoRE (6)6 t he
gradation pattern fromred to black. The formation pattern 5 of ink dots
shoul d, be specified under the various limtations including the

i nprovenent in granularity and the restriction of ink duty. The design of
the opti mum dot formation pattern accordingly requires a lot of tinme and

| abor with the trial and error. 1.0 SUMVARY OF THE | NVENTI ON The obj ect of
t he present hanserdd ofi e thasricot tomafcmk ttheydedrieiss phthredtpmesmlts
specification of dot on-off conditions wth regard, to a plurality of

di fferent inks yfd RAET SBRATIGVE -15 the picture quality in a specific

area including a \é\/r Ig:bght n sscrgijs_gogs@gg%\;vd rﬁgg .%}é%méll%a%tf g)grigltgf he

above and the ot he t'&d 881 ec I's actuali zed printirng system

whi ch incl udeg ?r@cﬁéﬂi@ﬁ palthabrnCF L3t 8adQd 51Mbkh amd BEahdt YoRbattickhar ent
inks, so as 20 To print an inage on a printing medium and a print

control | 8r offhahksdpipd isgsowlahbeospechf bedratnider thetherjprisntiémitadiasst o
control the creation of dots with the plurality of different inks. The
print contrdnicduding tHesimarefoenemt dif JEGRYLEFSRY 3Ppeditg E&FIEEACHAPR t hat
specifies dot. on-off condjtiagns.with_.25 regard to.a ur al.j.t , L.C

col or inks g_rfid'l‘ K ‘_f“kyi n%'ht?aggalQBnC’? ﬁ%‘uet O%%ﬁﬁgmd%?ié,%cfrﬁnea tplloxlg’r g%lt? ;%%gf

basi ¢ col or a'c%%d_@ﬁlﬁﬂ% r6aRi-agda Wi bh Oper ANOLHRT 1t AXRALSS tRehEenBli C
color, the dark 1n aving a main wavel ength region of |ight absorption
subst anti al kydi dembircal with that of one basic color ink 5 27 Cctober 2006

10
SUMMARY 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



selected out of the plurality of basic color inks but a '9%@% Ih%?)ness
than that of the selected basic color ink; and a control,™i & "on
output unit that outputs the specification of the dot on-off conditions
with regard to the plurality of. 5 basic color inks and the dark ink to the
printer as the control information. The printer includes: a control
information input unit that receives the specification of the dot on-off
conditions with regard to the plurality of basic color inks and, the dark

I nk, which i $.9ULRYG Bﬁ@ﬂk@hﬁuﬁgﬂh&@hik9f@fnﬁkhgncbao@uiphé1unim,1awethe
control information; and a dot formation wunit that creates dots with the

plurality of 1hasit@ecsel ahannkaatand tthe daflkcltak, bbasedcoehorhénknpaddcsdnt rol
information. The present invention is also directed to a nethad og.
printing, whicohteedresomtst i PREPPE NI thERa Y SUdRNESsEs SBGC1 T 1625B8Ve.
The present invention _accordingly..pr.ovid eating1dets,with a
plurality ofoéiFFgrgﬂF ??ﬁ%ﬁgégxégﬂfgnsp§§ﬁ? ggggﬁgggggﬁﬁaibrintingsﬁedium

The net hog i%%%ng?oi&fjjﬁéﬁgﬁdQﬁﬁaEﬁgﬁhﬂﬁiﬁg giod painafelr gondid tonsredt h
regard to a plurality of basic color inks and a dark ink based on input 20
i mage data, theophutabhty ahebasiimteal cmciutdes bei ngonbndl nédfonnghiione
another to express achromatic color, the dark ink having. a gaLn mavg%ength
regi on of |ighpusbspiptilont maaAsivaf ithel §opadhiteionith e f061 OBnEthasi ¢
color ink selected out of the plurality of. hasi. I i.nks a; r.
25 |i ght ness°PREATLREF BFtPhEegg?gda%du%%§$%n§%J%Pp?ﬁ£?a§%§ cggégt%ﬁggﬁots
with the plutghifye ofs BAshE, SRl LBKS. @A e ¢ kodrtsobanedraatibe

e

speci ficati on of ot on-o conditions with regard to the plurality of
basi ¢ col®r baksutangitheadate icoktred asfoomption: and madet SopwatEewber
2008 unit that creates dots with the plurality of basic color inks
and the dark ink, based on the input control information.
The present inventioh is also directed to a method of
printing, which corresponds to the printing system discussed
15 above. The present invention accordingly provides a method
of creating dots with a plurality of different inks, so as to
print an image on a printing medium. The method includes the
steps of: specifying dot on-off conditions with regard to a
plurality of basic color inks and a dark ink based on input
20 image data, the plurality of basic color inks being combined
with one another to express achromatic color, the dark ink
having a main wavelength region of 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 cblor ink; and
creating dots with the plurality of basic color inks and the
dark ink, based on the specification of the dot on-off

conditions with regard to the plurality of basic color inks

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



In the printing system and the correspondi ng nethod of the sen
i nvention, the dot, on-off conditions with regard to the %fé?%??%@“%f
basic color inks and the dark ink are specified, based on the input inmage
data. Here the plurality 5 of basic color inks are conbined with one
another to create ink, dots and thereby express achromatic color. The dark
ink ,includes one basic color ink selected out of the plurality of basic
color inks as a primry conponent and another ink having a specific hue

di fferent from thelthidcobrihgisel e¢sedn baxi ¢he0ceoresppnkinThes dark dihk has
a lower lightness than that of the selected hasic color ink. The dark ink
may al t er nat FY2IRFESfiVe 1&VEPF L8P entRF MR e SR Ot FBRAE F bATE Hak tThragqgd

sel ected basic ..ol Lok but equi e pectyos i¢c.characteristics to
Those of the ool ot BhpaLtEY af oy B e ah Ths ER e Ful BRI RS Pk
is yellow i ndpedirixamplsed bhecrdankplunkif@ye kRit-0bt gbpgd-hy paddiang tv
adequate quantities of cyan and nagenta dyes to the yellow ink or by
addi ng ah adefietss auariton yingks blrackomdimeed ovitie omed lawtihek: tPhereedkni que
of the present inventign creates dots with the plurality of basic color

i nks and t he"™0 9945k 2PAKEBATERE HFETRTIHGCREAmaHiChasedTon Tife deF&cilPicat i on
f d - of.f it i . ti A4 nks, _
0 ot on-o 1nc(i. Ist 'oggsbé%lg' Joelg)qtr ggf{%éi&%{é@?%%%éb%%ﬁ@ S_L ra %ht%ts ﬁ'tgodar K

print an i mage. I's “arrangenent enabl es created wi

i nk having tda@ichabast-erisd heSa ProausTeomSboMe: 3% Mebtnas MK Rathg _
plurality of basic color .inks . This 25 enhances the degree of freegon1|n

speci fi cati enspecddticohueofliffenadti tfioms tdred Hure g rhienpedeesetihbapict ur e
quality of a resulting printed i mage. Specifying the dot on-off conditions
with rebrdcedoroingnl yTededdidsi e diagy 2 LoReThdi ghfeedsr khpRkthaksafts in

| mproving t r’égepisgigcr:ge&%aalsiité/bo?ggafnske. Otrhtehgarlz 12n7k. %i%fogf%e%qg@ively
have a different ink composition £from that of the selected basic
color ink but equivalent spectroscopic characteristics to
those of the selected basic color ink. When the selected basic

15 color ink is yellow ink, for example, the dark ink may be
obtained by adding adequate quantities of cyan and magenta dyes

to the yellow ink or by adding an adequate quantity of black

dye to the yellow ink, The technique of the present invention
creates dots with the plurality of basic color inks and the

20 dark ink on the printing medium, based on the specification
of dot on-off conditions with regard to the respective inks,

so as to print an image. This arrangement enables dots to be
created with the dark ink having the characteristics discussed
above, as well as with the plurality of basic color inks. This

25 enhances the degr,ee 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



functions discussed bel ow. As nentioned above, the dark ink 'ncluggs one
basic color ink selected out of the plurality of basic ccﬁ%éd?%ﬁ S a
pri mary conponent and another ink having a specific hue 5 different from
t he hue of the selected basic color ink, and has a |ower |ightness than
that of the selected basic color ink. A certain color conventionally
expressed by a conbination of the plurality of basic color inks may be

expressi bl e by, oMy d he dardsd ke 1@y by a conbination of the 10 dark ink
with small quantities of one or plural basic color inks. In such cases,

expressi on of the gentatnored aboiy,ttiee daekhintat hohudkstde daskcicok o t h
one or plural basic color, inks requires a less total quantity of inks,

conpar ed, widH t9releabgst exsli a1f ofhe el wartidivh odfolbars iisy aodercdmbisnasi én of
the 15 plurali%%%of basi ¢ co] or Enks. g%gﬁuse_o% t he dark ink,'thui

i mproves t h@pitur e“GUBPTEYY RRCc Y sehed "By e & r 8BETHELT oRYSF i nk
duty. FOE exail&.edihe s 1ol hi8 darknknke:desdd aples KREN% 1 Neid 2laha
granularity 1n a. shadow area, where the granularity is readily worsened
by the rest it izonoefer nkghZ28edet YyhaA phadtofotie ddiarctefd the ipr esdotr
.invention is applicable to such a printing system The present invention
is accordidglky: diractedrtein preer cormniliEiondidly sgFpirieésedcokr oR,

information to_a printer, whjch creates dots with a 25 plurality of
T ferent | RS IIR thRiordt o EonBISEE LeRE dHiaabRore  6P1a8: 47 MEhebe

o L A BRIE bOkon JENR e SRS LeLhth et St of
basi ¢ cob or giaRks iakewiCRMBnARY Mt DAt @t hefe 0 @XpR@ISbasheosalbe
color, and the 8 27 Cctober 2006
inks. In such cases, expression of the certain color by the
combination of the dark ink with one or plural basic color inks
requires a less total gquantity of inks, compared with the
expression of the certain color by the combination of the
15 plurality of basic color inks. The use of the dark ink thus
improves the picture quality, which is worsened by the
restriction of ink duty. For example, the use of the dark ink
desirably keeps the fair granularity in a shadow area, where
the granularity is readily worsened by the restriction of ink
20  duty.

A print controller of the present invention is applicable
to such a printing system. The present invention 1s
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



dark ink has a main wavel ength region of |ight absorption t apt i-al
identical with that of one basic color ink selectedpout cﬁﬁ¢§§x%?%%ali¥y
of basic color inks but a lower lightness than that: of the sel ected basic
color ink. The print 5 controller 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 dark ink, based_oqn. inp

_ | ) ' t _inmage data;
and a cont r dlaTknfiermdtd One ot Pt VEne SR RbE Bﬁgbﬁ?sOftﬁéggﬁeéﬁprggﬁgﬁ of

the dot on-of %’5&%& h%‘l?gfstl\égetnhurcquwgltgg %lgawr: hgfplo'ﬂ]rea!ﬂ éli,cofcgﬁéfciﬁﬁl or

i nks and thé"Y € prin e control information. The

present inveRbiQR aSchilrdfehe ghieal edyt O admtdhedioef icpatyat la ngwar
printing operation, which corresponds to the print controller discussed

above. The phresentsisnviemi ithatlod thecor b aigdd/ bpsdviaddorainkt hdtheoprint
‘supplying control, information to a printer, which creates dots w.th a
pluralit§ ofogitipdlentingideonadlqir PRt PAG GeBditiPrD TP derCa s CoRbr61 the
creation of dots with the plurality of different i hergebyy
controlIingtga&ﬁﬁﬁ?%ﬁf%ﬁﬁwg??oﬁnop%me?ﬁéﬁéaégg1%£§§e?%g8r§0q{nclu8es t he

steps of: (ghuieﬁglt&yé@%a%% 081851 pondidi RS daMKt Ankegsasbd @naipputal ity
of basic colfor inks“and a dark ink based on input inage data, the
plurality ofimbhasi €&at®! @nd aksntheilngneonbahich witthvudnen &b dihiadr owgPBXPr ess
achromatic color, the dark ink having a main wavel ength region of %ight
absor pti on 2Bessibecifitsatign ofefibpc@®t WP EEhaERST L HRRS HESTE TEFRSF FRk

oo ok ok B 5 B bt o5 ST e B B beess
basi ¢ color i RS AeA TR TATK TR 27 Cutober 2000 | Pty ol

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 amethod of supplying control information

to a printer, which creates dots with a plurality of different

inks on a printing medium, in order to control the crgation

of dots with the plurality of different inks and thereby

controlling a printing operation of the printer. The method

920 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 light absorption

95 substantially identical with that of one basic color ink

selected out of the plurality of basic color inks but a lower

lightness than that of the selected basic color ink; and (D)

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 contro t he inting
operation of the printer. In the pri.nt controller and the c%“fi?b&f)@ 8di ng
nmet 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
speci fied, based on the input inmage data. The specification of the dot
on-off conditions is supplied to the printer as the control, information
to control. creation of dots wth the plurality of basic color inks and

the dark inkiolQnihertigehni gyernt ther s esaMorimmentd oRPHevVirdesohhgol
plurality of basic color. inks and the dark ink in the printer, which

creates dots tiet branpingabptyasfiodi bfeteatpriksenn a printing medium and
supplies the control information to the printer.. This arrangenent enables
creation of ink dofB W¢ ermitr Pﬁétﬁ%i%cﬂ"ﬂﬁ ShedreFee ernd G MendrddPhg t he

d k k h I ‘
dorke Ink. LR, B8 0L, &0 LINAGOL, LN B e, Ul e L, aceordance

cor resporgli ng; ARt ROGa B4 &prtthreoghhﬂgllweoﬂowa@tllcngogeﬁrﬁm@ranaatﬁel a8k
conversion table is provided 20 to store mappings of tints used to express

a col or i magenko ax@onbpeaifma«s obatskd pdur ahet yimfuthashegeoldarta.i nkBhand
the dark i.nk. to represent 'the tints. In this application, the dot on-
off conditi éﬁ?scmﬁ%ﬁaFég&rQﬁ tthet Aot pnraf f Foﬂﬁléﬂoaésjr% scwdiiednks thad t he

dark ink are_s i ed referrin _ , , convel S|ont bl e. The
ot od of "t PEFRFHE 30t Bhe Gt 1L JOSRUBRERBH AaBoP B0 GHERAEE HE GOt
on-of . f condj{{Qns,of Hﬂzea:[f@}ﬁe&f'ﬁfa?sidﬂisolt&c 1%%38@%@ frined aguikCkhy and
accurately. In accordance W th another preferable application of the 10 27
Cct ober 12006 The technique of the present invention provides the
plurality of basic color inks and the dark ink in the printer,
which creates dots with a plurality of different inks on a
printing medium, and supplies the control information to the
printer. This arrangement enables creation of ink dots with
15 the plurality of different inks including the dark ink, thus
printing an image of high picture quality.

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

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

25 conversion table.

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

In accordance with another preferable application of the

10



print controller, the dot on-off conditions with regard tao_t rality
of basic color inks and the dark ink are specified, base&ﬂéﬂgﬁFP%#@set
proportion regarding dots of the p.lur.ality, of basic color inks and dots
of the dark ink. 5 Wen the dot on-off conditions are specified with regard
to the dark ink as well. as the plurality of basic color inks, the
proportion of the dots with the respective inks may take a variety of

val ues. The arrangenment of specifying the dot on-off conditions bagsed on
the proport}pp, s&loRaualLert,0tR8 dik appo 6 rd catdd iigingew AL TEN PP nfdle of

high picture quality to be printed. In accordance with_sti t her
pref erabl e pppraTtatyant befsicheopet itnkoAfof1erdd e}ﬁé’n afk® é|é1(T<(’(’J‘]hrﬁfahs | ‘ower

| ightness and saturation than those of o ' Q! gk tRK Salectied, out
of. 1.5 theb@$©@awﬁﬁyPﬁﬁ?ﬁ&s?5°88ngo?ﬁ??%%#%gi%g¥ﬁ%ink is obtained, for

exanpl e, by adding_the, dye; i et d nde tind arseliesd.ed  basic col or ink.
The use of ?ﬂebﬂﬁg% ?%kgﬁn %%%gggthe degree of freedom in specification of
t he dot F1on-off copgit i19RSaand oi-errebyn d 201 dmprovespe ¢t PREWHTE TREATTy of
the resulting printed i mage. The use of the dark ink, which igrqgg i ned by
adding at | eastne anecidyekofsansth@s ithe PoUTaheFY (He DGt iR38™ and 1 he
saturation, nmay enable a specific color canvent] I;l) eXREESSEAde a
conbi nat i ontbé Phepettkap ity e Saéﬁcwﬁg?dﬁm?%ggh%%ﬁﬁé expressé% 25 by only
the dark ink or by, a conbi i on Rf, the dackehtkow thecsfpihgquiamtdet es of
one or pIur%IVaBééFX 8gl%?f€%ié.q$ﬁk e?p?ession of the specific color by
the conbi nag{lggf?f bhaidapks bakew bh tthe hasiporddoor setked@duces The
total quantity of 1nks and thus inproves the picture ualitxalngqg)is

Wor senefh 1aéprgﬁr§§tgbainﬂg@aables an image of high picture guall

be printed.

In accordance'with.still‘another'preferable application

of the print controller, the dark ink has lower lightness and

saturation than those of one basic color ink selected out of

15 the plurality of basic color inks. The dark ink is obtained,

for example, by adding the dye of another ink to the selected

basic color ink.

The use of the dark ink enhances the degree of freedom

in specification of the dot on-off conditions and thereby

20 improves the picture guality of the resulting printed image.

The use of the dark ink, which is obtained by adding at least

onedye(ﬁfanotherinktolowerthe1ightnessandthesaturation,

may enable a specific color conventionally expressed by a

combination of the plurality of basic color inks to be expressed

25 by only the dark ink or by a combination of the dark ink with

‘ i ‘ i The
small quantities of one or plural basic color inks. T

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



by the restriction of ink duty. The dark ink may alternati ha mai n
wavel ength region for nost strongly absorbing a ray in a %fé%/tﬁtfeé\éﬁ%?ng
which is substantially identical with that of one basic color 5 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 freedone tasspeetiscats omiofaddie dot on-of f conditions and
thereby 1.0 inproves the picture quality of the resulting printed imge.
The mai n wavel engtthe etpon frdr maystlserongliyedbsbabe ng nain asavealeagiitsi bl e
range i s approxi mately equal, to a range of 600 nmto 700 rimto absorb a
red ray in tﬁ%g%:‘é% - Of %Stﬁ?nglgq@ﬂ%or?bﬁ%q’é’ﬁgeleaS‘ObS%ei FBEE nmto

absorb & or &5 L% J Budesotheasase, Hln RARNLA ik BG BGUANec 10 A ifange O

400 nmto 50 hé casé o

the abser ptiﬁ/}ttsvelcgcdécghiutg@@t‘cueV@m@hw@ﬁmbhmwgmr(im ishd & the
wavel ength region having the absorptivity that is half the maxi num

absor pti vi t ygrewmyebe nddgpinddot nlidhe: ehserphevityhier @ w2@elengtidirfelbiion ty in

identifying the vvavel ngth region. The dark ink may have the nmin
wavel engt h r¥gits, VW& Lag9fpsRaTy thAd| %é@el ﬁe%eﬁﬁf%lbéﬁdf‘ﬁ’?)e‘b‘f dR¥of 400

nm to 500 rim  a au%%aH Clyd i A SOLRHENLLY L. (A8, S0 Lk c8hof00 N

than a nean |ight aebsorp na wave eng nmto 25 700

rim It is @W%éé@fléi‘@l&?@fttﬂét&o@f ohbgryi ébﬁ&l@ioﬂbm&ﬂd eyerkeyt he
color gradually Towers in a wavel ength range of about 650 nmand is

si gni fi ¢ant liyjndrawweisn thieepytctune tquadfi 00 LT ke résukisperipniated amhgege
variation in spectroscopic 12 27 Cctober 2006

The main wavelength region for most strongly absorbing
a ray in a visible range is approximately equal to a range of
600 nm to 700 nm to absorb a red ray in the case of cyan ink,
equal to a range of 500 nm to 600 nm to absorb a green ray in

15 the case of magenta ink, and equal to a range of 400 nm to 500
nm to absorb a blue ray in the case of yellow ink. Since the
absorptivity of light gently varies, the half-width (that is,
the wavelength region having the absorptivity that is half the
maximum absorptivity) may be adopted in the case where there

20 is a difficulty in identifying the wavelength region.

The dark ink may have the main wavelength region, which
is mostly 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 wvicinity of 700 nm.

Irrespective of a large variation in spectroscopic

12



characteristics of the ink in the vicinity of the wavel ength_ of 0% nm
there is no significantly difference in hue recognized b %qﬁghﬁ'?0|1 of
the human eye. Nanely the spectroscopic characteristics of the ink have. a
| arge degree 5 of freedomin the vicinity of the wavel ength of 700 nm The
i nk, having a favorable hue is thus prepared by utilizing this Ilarge
degree of freedom The dark ink having the favorable hue has the smaller

| i ght absor phiaviatcy e stthiesvp€i tiae . ink gt 706 vhaitheyn dhehweaaveilghgth
absorptivity in the wavel ength region 1.0 of 600 nmto 700 nm The main
wavel engt h Pégi B0t RE. FRersiPy N9 nelaudtisanthe WivéreRgrR rdyi BHSof 400
nmto 500 nmis substantially aopposite.tq.,th e inth i cini of 700
nm havi ng Fﬁgoﬁg%ég%dgﬁ?egkgf‘?fgé)oﬁ?gcﬁggsqpae vi%%%Fe ﬁg%%%hﬂ #ﬁﬁs

facilitate the-deskgnpet theribKerisbidhedank, shkn Py Dawegehacgokn
wavel ength region, which Is nostly included in a wavel ength regi on of 400

nmto 500 nof fasddamgieaties wiaghtit@bedr phevivdyelengtie off ci0t toyn.of THE0 nm
than a mean light absorptivity in a wavel ength region of 600 nmto 700
nm The greaRErhayyhd absyepeivet Jue it AEUFI BT apeyed o 0d 136 24R0t haASt he

nmean | i ght ?bsorpégég%% %gvéggeigggqug%%a&ﬁgﬁﬁﬂ hggiggotﬂg1£§¥3? iy

enabl es t he~dark re preferabl & "hue, cause o € reason

di scussed alQy e, Thedank1hBk, 1 vhesauldlrpnwally eandid kans kg spesbdi ed
by the print controller of the present Invention may have: 25 (A) a

char act er i shictivayv elrengican egghn desosptionpty iabsbebivagedengyhime@iam si bl e
range to mainly determ ne the hue of the dark ink, which is substantially
i denticdl w0 nehiae dO0erM st iThanagéh syt asljilore i 0B PadFARDFBF i nk

sel ected Ou&nc?{uégg Ellurt%lel %V%H(&%%%f r%%li%rn io ; 34.001 Bn% 7'toQ;%%Bernm2oiosG
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 amore 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;

13



(B) a nean value of light absorptivity that, is greater thanyQr. .. o006
substantially identical with a nmean value of light absorptivity o? t he

sel ected basic color ink in the characteristic wavel ength region of the
dark ink; and 5 (C) a nmean value of |ight absorptivity that is greater

than a nmean value of |ight absorptivity of the selected basic color ink In
a wavel ength region of visible Iight: except the <characteristic wavel ength

region of the dark jnk. The dark ink_satisfying the above condition (A) has
a 10 hue close to ﬁy( h & 0F V?Egec?ﬂfr%s%%ﬁbﬁ@rﬁééﬁ’été’o%ﬁtiM,gl'sﬁfit@clhat a

speci fic col .ghdn &ONYERLELNALd Y £XPIg&sSed Py, A,cominatio ueOf%;t ;iei ht
plurality of basic color inks is,” in nany cases, expressible By a9t
conbi nati on cfbgdmptdarkty nlofM ttheOngeakcpkdr abashasi §o £ - ofnit NKSy  the
Expression of the specific color by the 15 conbination of the dark ink
satisfying t IBHIS T q iveve Len)thame giop wift hhendaok phlir ahndasi ¢ col or
ty.of inks than expression of the

ink's regquires the ess_'total. quanti.t har ]
51color by(€heac%ﬁ%Ph%ﬁ}é#1%ﬁ B RRFQFPEYVEEY v e igoIBraltRKS .

specific

The use of theGabknbfk watishy PggaL! ; angi L .ons 0;1( through
(CO) thus reduces the total . quanti?@kcﬁb%éﬁ?fﬁﬁﬁgghﬁ%tfgélﬁe %é%% @égég.

Thi s arrangeneabreﬁhkcihmmhymnﬂMﬁMﬂﬂi&e@h@npegrvgggﬁggzyjdﬁﬁlgggebquﬁges
the picture quality, which is worsened by the restriction of :ink duty as
di scussed pfFBRraGsPyisEscTHavadeRIthkraayohave tie ddvdr aotleri stic

wavel engt h regionThmﬂéch%if nDstLéH§g§%¥Qed inoa mavelgngth re?ion of 400
nmto 500 nm and a2 &nBFF&1HT gift iWiq Phov e kendiiEiant ¢A) okago® nm
Ezag7a®n$§geirlﬁgg%lé@@§0&pttih\éi h¥el & Q:hvga}égh:§gg£gncri§gbog]asfg B %:rng]n{{? s7000 nm
that a specific color conventionally expressed by a combination
of the plurality of basic color inks is, in many cases,
expressible by a combination of the dark ink with one or plural
basic color inks, Expression of the specific color by the
15 combination of the dark ink satisfying the above conditions
(B) and (C) with one or plural basic color inké{)requires the
less total quantity of inks than expression of the specific
color by the combination of the plurality of basic color inks.
The use of the dark ink satisfying all the above conditions
20 (A) through (C) thus reduces the total quantity of ink
consumption in many cdses. 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.

14



As descri bed above, even when the |ight absorptivity in th I,CI ni of 700
nmvaries, the hue of the ink recogni zable by the vision g%gftﬂ%erk@%an eye
does not have any significant wvariation. 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 |light absorptivity in
t he wavel engt h r egh®d&FCHIEhAPPES 708V Hinwhemabhesl tHe: @ReRTPEE VLS Have a
nor e favorab%g hue.. Setti gg 6) t he charactt: eristic vel,.e%gth regi o ]gf t he
dark ink to b&® StibEtant i 176} SPbSELTESt o thEUPaRGe 1 h et TR ESP B . 700
nm having the {g& %Qﬁﬁ{‘?‘ﬁ‘ ehef REBRIAMACTARS e VaSLbLEyI&WCi Ficant
facilitates the design of the ink. The dark 1nk nmay have ?he characteristic
wavel ength <briegion, Wi ¢bh dccombidglyt Bgbudeddithat waved eagttog@gpion of
400 nmto 500 nm and a greater light absorptivity in the vicinity of 700
nmthan & me@raragherbpsbeptdfvithy inkahame et digtae Cegires o6f LxO®iemn i 700
nm As descrjbed previously, there is a ]ar egr ee 20 freedom.i.n

St ting tho PRENFEEERb R Ry TR e e ra TP s nEhgadBt Ll Hag 00
nm The gr eawgofwfk}i@fsm Pl I $¥eddh o e Vdd M YerRfn AQQ BBddan diie mean
| i ght absorptivity :inthe wavel ength region of 600 nmto 700 nm nmay

enabl e the dasdorpikivitoy havetise waveldmyt abégidneor 2600hemdank 700k nmvhose

dot on-off conditions are specified by the print cont.r.oll.er of the
present invendlokes Mde Krk dnkhife have sprerei Eaviarsabhageus nt Sgidded

nave a Mwerthd GBS TR N SO WBadie 1081 6 (e GBERofPEnEoprlr al i ty
15 27 CthHkgﬁﬁg%gitially 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
156 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 _Ln 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 706#nm‘than the mean light absorptivity in the
wavelength region of 600 nm to 700 nm may enable the dark ink
to have a more favorable hue.
25 The dark ink, whose dot on-off conditions are specified
by the print controller of the present invention, may have a
hue in a specific hue range interposed between a red hue zone
and a green hue zone on a Munsell hue circle, and have a lower

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

15



of basic color inks, which has a hue in the specific hue r T
specific hue range interposed between the red hue zone aﬁ%”@ﬁ@*@?@éh hue
zone on the Munsell. hue circle roughly corresponds to the hue of yellow.
The color of yellow has a 5 relatively highlightness . Dots of the dark
yellow i nk having the |Iower |ightness than that of the yellow ink are
still not conspicuous. Creating dots with such a dark ink thus
significantly inproves the picture quality of the resulting printed imge.

10 The dark bnkamBY: Baveradwe vnitheraPachid G nhtke raR@a filchatie inigedes a
yel | ow hue zone and extends to a boundary between the yell ow hue zone and
t he green hue zon&mmn stheeiMinsélle rhugecintbepoFhe bhakwéen ttiies mpkdidd ¢ hue

range has the hue of greenish yellow Creating dots wth such a dark ink
1.5 signifi czite pridhpreveseehd s cPareCquats tiierltthBUP et -%&0“&3% ed

| mage _havi ng, the, | iotrH]s:tt%r ‘%%{%Lgl]eh&?%% Eoiar koK o HBY Qﬁgeelﬁl 4 t%oais’;at he

specific hue(Péﬁﬁg) I NC es a ow hué zZone and e

boundary g betyean 4dwe, M@.Fhommezém_e 8Bd st hie thedidvie yaanewomt mevivesel | .
20 hue circle, and a snmaller saturation than that of flesh color. The ink

in the specitfiiec lowerr ahgbthhat thwl udes dfietlyeltedichuénkzane snid lextodnds to
the boundary between the yellow hue zone and the red hue zone on the
Minsel |, huEESEIAIqEs t hETrad 188 (Rl i Hel FBW & edeFhg Rt s TA'th such

dark ink 25 significantly i e h [ qual i Qf Ssulti
pr i nt 60 | mage RIS 1PeP ePe i e ALEre Thir i % idle S8R G 0d”i o

the specifi ¢ RygJ@angaand has a relatively large saturation is close to
the ' flesh'color." . en the ink having the hue of reddish yellowis
used asldhe dark irhk, dakki $nklfa@ 7h&e4 cberu 6 the specific hue range

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

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

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

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

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

saturation is close to the 'flesh color'. When the ink having

the hue of reddish vellow is used as the dark ink, it is
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preferable that the ink has a snmaller saturation than that _ of flesh color.
The dark ink of smaller saturation significantly inproves ?ﬂ@o?ﬁr@wﬁe
quality of the resulting printed inage. It is accordingly preferable that
the dark ink has a hue in 5 the specific hue range that includes the yellow
hue zone and extends to the boundary between the yell ow hue zone and the
red hue zone on_the Munsell hue circle, and_a smaller saturation than that

of flesh col BFeEghePHarieaf ﬁ'@enﬁg}kmﬁ%aasﬁﬁél?ﬁc?alfdé‘if‘?j@%ﬂé‘ﬁé‘cw?& %fange
1.0 of 10R t | ht t-h
t hat Oof a ba%%%éog;&r?nwgé{%aoﬁy#ﬁk H%IP%}]_%] asil:(:mslc lcarf(tlya\r/]\hl ch

has a, hue iy fv@véﬁemé‘ Ipqc&@@aequlmty%f it el bgsﬁmeghgl &rf@{l&@ fmghl y has
t he hue of yel Creati'ng dots with such a dark ink significantly

i nproves thelt 1Es mcumxrdemgj@f ifne fefraplie rteswul thagdprknteld hamge.hukheirdar k
ink may have a saturation of smaller than 3.5C on a Munsell, chroma when
the hue 8f tHe dRaeiflie Pys RagIpaket Jgclndeemibe YeBYRV ORI HOMu e | |

hue circle. k al the hue the ran YRto75Y Oon
t he Munsel || Q}huﬂe&m rc?lte%gn uf‘ﬁarga%}urg an%‘% Ie]a(f Y Han© ?Dgct(%)ln t he

Minsel i chr o has A bhRthe&h@88e1 0 nlBesfhesd, ﬁﬁhQ{ smaué!&h%r&t%&altr_{%ae
havi ng the greenish hue is printed, the use of the dark ink having a

snmal | er sat whatn dihathaf thAatshofcolofdl.esh color' has better effects on
i nprovenent of the picture quali t})l/ 25 It is accordingly preferable that
the dark ink has §h§a‘t‘1@|¥]ét1| magf haye|q BeetHyhl Bl ignatgre NiH<e FRRERr ona

V\/nenth hueoﬁ %h %}( S lgeraneofz YR to RB‘

Minsel | P Ig ﬁ’lﬁle ol%ﬂ ?ﬁ% % |crlrgcr]r§y o |Ehla?wre§ngég %pefﬁ)YR to

(10GY 17 27n@ht ehgk 4908 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 .il’\lk 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
coloxr' 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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on the Nunsel.l. hue circle. The ink in this range has the hue of reeni sh
yellow. Creating dots with such a dark, ink S|gn|f|cantly |9%ﬁ he
picture quality of the resulting printed i mge having the I|ttIe gr eeni sh
hue. 5 The dark ink nmay have the hue in a range of 10Y to 10R on the
Munsel | hue circle and a saturation of smaller than 3.5C on a Minsell.
chroma. The ink having the hue in the range of 10Y to 10R on the Minsel
hue circle @ﬁdﬂﬁh@U§§@dﬁaﬁpénce¥cl@reéﬁe?1nﬁhéh LT IGR Iehe2RuRReI F e hr o,

has the tint_close to,1.0 the flesh col or en a h vign th reddlsh
hue is prlﬁtegreFﬁéSBséwﬁﬂfvﬁe dEF?aYHEJhg g a gnﬁf%%} gatuggtlgh t han

that of 'ltgfgxb ol oty 1 hasbetdar off eeths 08 LUREO¥SMBAt the Ofe il gt ure

quality. accordlngly preferable”that thé dark ink has the hue in a.

range of 10)ri0rdORmyd heasMmpelHe 115 thue griertliehandea saturati on of
smal I er than 3.5C on the Miunsell chroma . In accordance with one
preferabdl e appl i das Gard itﬂﬂfemaﬁrhmfe cldm rolg dn ghaengpeef 115 the Wot

Cochni aue. 201 Epaarrrest RERlohe el B ErOE Wt RIagarar P HEC
plurality of, bdagfﬁl%s%qllo nirBKS . anf’hé heydard 1'n@kfth@5hﬁ@| in@gndMidhge Iiggard to

at |l east one |1 i nk |ch has a hue substantially |dent|cal with that
of at | easti@nedbagic «olate imknssalieched ciautl eofarichehpl weathirtayr ioh lefsi c
color inks but a lower density 25 than that of the at |east one basic color
i nk. The reamdater ¢hanhd.Epewi ftih@atdu@ﬁe&lecwrmthat%thﬁe‘tb@t tl&sada he
contr ol information to control the creation of ﬁ% ﬁg g hBlurallty

of diffBr erdfth§ MESErHOMT nt JRET Bt T SPHW TR t hRS pFHPGET of “Basi c

color, inks, ithedark.l jke P05 L6RShaPREg! 4 WharlesB s%.zu%.ttggﬁr 2006

than that of "flesh celor' has better effects on improvement
of the picture quality. It is accordingly preferable that the
dark ink has the hue in a range of 10Y to 10R on the Munsell

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

In accordance with one preferable application of the
print/con‘t‘roller that specifies the dot on-off conditions of
the respective inks based on the image data, the technique

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

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

of basic color inks, the dark ink, and the at least one light
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ink on a printing nedium according to the control information. As
descri bed previously, the printing apparatus using the Ii%thCt?t}?RZOOG
remar kably i nproves the picture quality in the highlighted area but has
| ess effects on inprovenent of the 5 picture quality in the shadow area,
because of the restriction of ink duty. Additionally using the dark ink
i nproves the picture quality in the shadow area and thus attains the

i mprovement ;i Ph Gt en BURY k¥R, the-avholey tage contascrandannetwphh one
preferable application of the 1.0 print: controller that specifies the dot
on-of f conditi onsaef detheibedpecevieusiks e arrioviinite appage ty4at HS 1R He
technique outputs the control. information to control the creatio n f dots
to a printerthehadgbteabBst Attty AP TPAable- B S B ot Haith g™ gl f‘gferent

sizes with the respective inks, Ih ni. N e @otpan-o: ff
condi ti ons %’&'%‘Illgj,?ﬁﬁg Fﬁgas?%sh%g i’%%% édo% sc%o%rga??rgﬁeﬁﬁgg}tﬂt ﬁg Eri nt er
with regard o the pharalityn 0k Hddwr 8obal iscand seppld essthectesul ts of
t he specificCation othe printer. The printer creates the adequate size
dots with the iplkuraldyt.y afiddicfbereéhy iaksg bhsedach ihk éBRYPHES the
information. Varying the size of the ink dot b th«ce1 rinter ghargs e‘gﬁgl es
creation of PactiEastauale War iRbltEesi et s2hedi AGAdiTHEr hitt 2% es

si gni ficant Lﬁ@%g}),r ﬁfé?lﬁsﬁﬁgpﬁ-hﬁﬁﬁéfﬁgggk%%yir?fEﬂge‘ﬂhfgf Wiy printed image.

In this app G k’enhances the degree of freedom

in specification of Lhe.deknc@nyoth 6ABdptbeBsaBNd LPpPIOYESidéMeopi there
quality, which is worsened by the restriction of ink duty. In accordance

wi th ongp pr gf-enablenapplientimon efpedigiepr khe ¢ontaroldfdy conddtdpaEi $fes the
dot on-off conditions of 19 27 Cctober 2006 .
the respective inks based on the image data, the technique
outputs the control information to control the creation of dots
‘anprinterthatcreatesatleasttwovariable—sizedotshaving
different sizes with the respective inks. The technigue
15 specifies the dot on-off conditions as well as the sizes of
the dots to be formed by the printer with regard to the plurality
of different inks and supplies the results of the specification
to the printer. The printer creates the adequate size dots
with the plurality of different inks, based on the control
20 information.

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

95 ink enhances the degree of freedom in specification of the dot
on-off conditions and improves the picture gquality, which 1is
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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the respective inks based on the image data and the correspondi ng net hod
of controlling the printing operation, the technique spec?fP@eef Ad6dot
on-of f conditions with regard, to the plurality of basic color inks, which
cinclude at least 5 yellowink, as well, as with the dark yellow ink, which
has a main wavel ength region of |ight absorption substantially identical,
with that: of the yellow ink but a lower lightness than that, of the

yel |l ow i nk. tHee respktsiok thekspegidddatdnonthar einagputddin a gwd nttee t hat .
enabl es creation of dots with the 10 plurality of basic color inks and the
dark yel | owdoakespPRaAiFE RLEROdr e€ef Vs e-hblingddid ingdittdmporenatden . on- of f
conditions _and creates dots with the plurality of basic color inks

i ncl udi ng at eeﬁifh?h%uﬁeﬁﬂ%%yg‘]rﬁ? étfhfa ‘gﬂ 7 ﬁd&f’ﬂgﬂ@' PBW R Te8678s to
print an i mage+nd5,Thes: ‘ [ :, ; ti Vi, hi j n +Even
t he dark ygﬁﬁoap%n %H§%¥§%§?%E&§$%%&Q?%§% %ﬁtéyéy‘éﬁ?pﬁﬁjlg¥?9%.géﬁié a
hi gh |i ght ngeslowoihhatadotsl Dfad hea tdarkey@btow é Dkowarink & ehdlchvaby a

i nconspi cuous. Creation of dots with the dark vyellowink thus -
si gni fi cant PpipppEiadendid prediee gfalliighiof aboorphion esubstagtprihyed

g 1o, “SRRLERRSE, WALR, OO B S S PG o8 PP
speci fied wihhnragar dst phatydi@ast 1hike oman blka st §ie +IRIEPLA: EDKat t he
yellow ink as the plurality of basic 25 color jnks. I'n tﬁls case, the dark
i nk may havera,odtmit hat a gsircl<as ek tt ondihes Hue coft ibheoy eldtawtink emweong t he
cyan ink, the magenta ink, and the yellow i.nk. Specification of the dot
on- of f KbndPineabliy t ¢f reaatd eolathelnde lendhithies deakr ivedlout inke Habl e
dots with the, dark L0490, LL88Le0; Lo0RENel ML B, 20 2L Td 008 F06
and creates dots with the plurality of basic color inks
including at least the yellow ink and with the dark yvellow ink,
so as to print an image.
15 The yellow ink has a relatively high lightness. Even
the dark yellow ink, which is darker than the yellow ink, still
has a high lightness, so that dots of the dark yellow ink are
relatively inconspicuous. Creation of dots with the dark
yvellow 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 inventioh, the dot on-off
conditions are speciiied with regard to at least the cyan ink,
the magenta ink, and the yvellow 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

20



dots of at |east one of the basic color inks when an inmage to be printed
has hues varying fromred to green on a Minsell. hue circ?eOctdiee200Page
havi ng hues varying fromred to green on the 5 Munsell hue circle is
printed by adequately creating dots of the nmagenta ink or dots of the cyan
ink together with the dots of the yellow ink. The technique of this
application enables the inmage having such hues to be alternatively printed

by adequat elgpter eathnai&kois e bRetdarkad Nk doaget heksWikdn the idels 1@ of
the basic color ink. This arrangenent effectively enhances the degree of
freedom i n specpficteddrasnhuehevdoyinn-fofdn rednh gress wntd Muegald hoeeach
color ink, thereby inproving the picture quality of the resulting printed
i mage. In ac€4F@afice with one preferable application of the 1.5 print

controll er of the present |ra§¥¥ié) ue%hgagognonfgff rééﬂg% tE%g% are., .
specified with regar% %o_%ﬁ east the cyanyinﬁ, “he nagenﬁé I'nk, an% t he
yel low i rik apuhbe1plmhaldidenf iRasienteql 9% dddduatdl RiraGase abhg gark
ink may have a hue that is closest to the hue of the yellow i.nk anong the
cyan ink, 20thbenagsgerH dnknkyr dmics bifeteldyom inkktogSpeer fwiddt ktbe dbts he
dot on-off' conditions with regard. to the dark ink is carried out: to
enabl e dots @ftHe Feld&rkinrhk trvéechaaceg ‘bfité)rlst gredaégatdar ralb®s with
either one of. the cyan._ink and the. nmagenta.ink . when an i.nage t f%f ri nted
nas hues. var Jhg PRom JEPTBA (8 o5 B, Moottt Br e Hgorta I OF t he
cyan ink are,fahhefe1-$ReRiHeUSot N oM YEhhow 111898 e YAL eSS fhen¥eld aw
imge has a sufficiently low'lightness. Wien an inmhge to be printed has
hues varlyi ngof rtava yeslowotlorblwick, Ttrieastomimedot sfiethitbey eihahedrt ober
2006
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 r.\egard to at least the cyan ink,
the magenta ink, and the yellow ink as the plurality of basic
color inks. 1In 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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dark ink prior to creation of dots wth the magenta ink or the cyan ink

|l owers the |lightness of the i mage and makes the dots of tHeOsiehger?d® i nk or
the cyan ink sufficiently inconspicuous. The hue of the dark ink is

cl osest to the hue of the yellow 5 ink. Creation of dots with the dark ink
in the yellowimge prior to creation of dots with the magenta ink or the
cyan ink. accordingly does not nake the dots of the dark ink conspicuous
to | ower the dpirdt dnk mpuobdr thy. cthiangohhef diartls wihkh hiave m@gtelm&a abovwer the

characteristics thus preferably ng\r oves the picture '10 quality of the
resul ting pricd@&ditke We%é%ﬂé f-NERE ‘Pfgtﬁte igzge ~RR, m%ﬁ%ﬁ%goﬁﬁe

| ower densM%ft an that .of . tQ %?e dot of t he ght magent a

i nk, which has e”la(%/venta (ltlen3| ¥%Fh%arf ﬁg he- T t’lgcoﬁll%pl r8Rot so

conspi cuous ThB afel BRIEnBAYLAL Enﬁeiétél/@éé’sth'@tlﬂeg%%e%% tBat §e@hiolhe 15
dark ink may thus be created in an overlapping manner on the dots of the

i ght cyam inkkor Oredheomloi® dft< wethi ght dagkentimk imkhd gefllewcamegef a
vari abl e-dot printer, small-size dots are not so conspi cuous even when

they are cr eé%féélrlhoéﬁ”%ﬁg@ Oha¥? hy “&%Fh?lwﬁgp?ﬁ giei P@h&hﬁa%anﬂk}é in
t he case of the 2

ots of .th i, nk S be created in
an- over| appPiGCRARERY it e TOhEr? D Bohare oPe ey prR=6 S%0%E  ne
smal | -si ze dets) Ofet NeydBaRRLAd Ra1kh CC@é?ﬁ@%éM&a*}}@&%kpﬁ%%éb{@e
application of the print controller of the present invention, the d
on-off. 25 sbodétcbasaaterspetcsi enusi phef@gamﬂytmlafoxb@asthé hpl,@rylaml nk,

the magenta ink, and the yellow ink as the ;Ermral ity of basic color inks.
In this l@asequ%hbtfda?rﬁ(thﬁkrﬁylfkmpélﬁﬁédt gei s Tdleodess afothRel ¥kt of

Lhe yel Low | HeATRID. W15 Y30 e b THERR,) Bn DA VBL QT
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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that of the yellow ink. Specification of the dot on-off conditions with
regard to the dark ink is carried out to enable dots with2tGeolkaPR06 nk to

be created prior to creation of dots wth either one of the cyan ink and
the magenta ink when an 5 inmage to be printed has hues varying from col or
of the either one of the cyan ink and the magenta ink to black. Dots of

the cyan ink.,in. a genta image or dots of the magenta ink in a cyan inmage
are rather coispi c(i%u’%r}e uBPesevVt RBK i mage Hds catdonf iafi emte ydpbwohi-glitness.

Wien an i mageq ek i , aryi.ng frommagenpta to -black or
hues varlyi ng% %?o%ggg}gn‘p%%p%Igggg,as%ér%asel o%r%:‘ln {3 %ﬁrﬁ%t‘i:@uﬁa{t&e?ﬁ?lﬁri or

to creation abtdotstMite bhekMBgENMAbENKrOh+d D6 GYAN b K- HESI Ak Wer's
the |ightness of the inmage and makes therdot S %of t he rrageent' aﬂ{g’{% %(r)lt'%)he

cyan i nk suf Fiitheatiter neoaspf cutrscydn Snkherndartke mkgbasat hexhwgeg! gsest
to the hue of the yellow ink. Like the dots of the yellow ink, dots of the
dark ink ‘relPhdg T A%Prieredi Peddipicveaying 6oeh ¢homumdehhe ¢helger and
the cyan i ) i f. dot i t he dark .ink prior to creation of
dots with tgggﬁa%gl?géi%%r”ﬁﬁeg%%maﬁp? nnkagaeclgtoardi 15 &’8@? 0 not nake the
dots of the dark imk<£orspheueysnt Onkowera e RiLlilgadal fbYs SBife the
dark ink having the above characteristics thus preferably 1 nproves the
pi cture qualhageni imfreinesayaingnggyé rtredrathge.coly ideicnisQf uhbestitghd cyan
.ink and the dots of the |light nagenta i nk are not so conspicuous 25 in an
i mage havi ng"® 92385 FeFYLRTghent §ht hedslighinesf- t Weendankimadge nmy Hehus be
on.the dots of the |light cyan ink or on

t ed ] : ' ner.
he. dot 4o THe T GRECrRge AL PG OR Mok 4o bo gt a7 b o Saatp8 i or

smal | -si ze doldn o¥a@ BOLLELCKONSALLUAUS Y et WhED 1 heYe A LEHeR §d1bR an
i mage 23 27 Cctober 2006 :
to creation of dots with the magenta ink or the c¢yan ink
desirably lowers the lightness of the image and makes the dots
of the magenta ink or the cyan ink sufficiently inconspicuous.
15 The dark ink has the hue closest to the hue of the yellow ink.
Like the dots of the yellow ink, dots of the dark ink are thus
relativelyinconspicuous;hlboﬂnthemagentaimageEnmfthecyan
image. Creation of dots with the dark ink prior to creation
of dots with the magenta ink or the cyan ink accordingly does
20 not make the dots of the dark ink conspicuous to lower the
picture quality. Using the dark ink having the above
characteristics thus preferably improves the picture quality
of the resulting printed image. The dots of the light cyan
ink and the dots of the light magenta ink are not so conspicuous
25  in an image having a relatively high lightness. Dots of the
dark ink may thus be created in an overlapping manner on the
dots of the light cyan ink or on the dots of the light magenta

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

are not so conspicuous even when they are created in an image
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having a relatively high lightness. Like in the case of the |I|ight ink,
dots of the dark ink may thus be created in an overl appi gy @eiehee20d6n t he
smal | -si ze dots of the cyan ink or on the small.-size dots of the nagenta
ink. 5 In accordance with one preferable application of the print
controller, of the present invention, the dot on-off conditions are
specified with regard to at |east the cyan ink, the magenta ink, and the
yellow ink as the plurality of basic color inks. In this case, the dark

i nk may havehavhne 4 haildl(veslychag@stitbthbes hua.iafe tihetyel tove i dk arong
the cyan ink, the magenta ink, and the yellow ink, and a, |ower |ightness
than that otight ekl odetakofSphei fpcht iok afyt hBugobeosrerted dandinti ons

with regard to the dark ink is carried Of% to enable dots with the dark
"Nk to be creSPELPREUet TP O 6PCdoPeL AT ¥T KA e OFel PovP TR WHor Tan

i mage to be pfintedshas hues. validd ng f%%Pﬁ%%%BQ% of,ei ther one of the cyan

ink and the magenta 1nk to black. Dots of the cyan ink in a nagenta inage
or dots &f the nmEgeEdrdande aiaanndage farablat Aghlaeaspbauds thenl ess
the 20 image has a sufficiently low lightness. Creating yellow dots in
such i mages Bl sceherdllign neEstlee pheseptigénventbor. exhentiot Pheoddt s of
the cyan ink or_the nmagenta ink may, however, bhe still rather conspicuous
0 these | meusL TS CEEHTR UL 4 HAT Bor TS iy AL LIRE Sal RS | TS dBEequent
to creation §f, dats 25 Wiih 40e el Low boks o Thiss ur APIGE bhe

| i ght ness of the tgi%rl%age and ﬁgﬁéé tkg'éo?gngggfigﬁga%gﬁé%#r é%’ t éccyan
ink sufficiemdyy iinkeQnsph CtiRUS . cdde, dak davk hak Wag hu€echonast thke the
hue of the yellow ink. Like the dots of the yellow ink, dots of the dark
i nk ar el@hus sr ellasiedd! foi Abenkpe cobushé vebldv ik 2moast sber cy606ink,

the magenta ink, and the yellow ink, and a lower lightness than
that of 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 after creation of dots
15 with the yellow ink when an image to be printed has hues varying
from color of either one of the cyan ink and the magenta ink

to black.
Dots of the cyan ink in a magenta image or dots of the
magenta ink in a cyan image are rather conspicuous, unless the
20 image has a sufficiently low lightness. Creating yellow dots
in such images lowers the lightness of the image to some extent.
The dots of the cyan ink or the magenta ink may, however, be
still rather conspicuous in these images. This technique
creates dots with the dark ink subsequent to creation of dots
256  with the yellow ink. This further lowers the lightness of the
image and makes the dots of the magenta ink or the cyan ink
sufficiently inconspicuous. The dark ink has the hue closest
to the hue of the yellow ink. Like the dots of the yellow ink,

dots of the dark ink are thus relatively inconspicuous in both
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the magenta i mage and the cyan image. Using the dark ink having the above
characteristics thus preferably inproves the picture qual2?§ctefer 20
resulting printed image. I n accordance with another preferable application
of the 5 print controller of the present invention, the dot: on-of.f
conditions are specified with regard to the plurality of basic color inks

including at dipaskgehbe iGaR sk thbhe, JRgRALA. | %ingﬁﬂﬂet&&%wﬂﬂ; AWlingk, as
well, as with regard to the light ink, which has a hue substantially

i denti cal wi ttha Aeohaehafracheris@icparhud pkeforab he impgenta tmk photuael ower
density than that of the cyan ink or the magenta ink. In this case, the
dark Ink nma@¥avéYahudhehaesid téngsesintedt Headie of the yel | ow i nk

anong the cyan ink, _the enta ink, and, the yellow ink.. Specification of
the dot on- of f congllntalbcocnorsp(g\narﬁe Wéggradm&gletrh%r e Fﬁ?lilgagé??io d?%ﬁt to

enabl e doss wirlihtt Reda 1Bk d10 tihe sreatad aldalt Jreation 5+ dghsoweth
the light ink, when an inmage to be printed has hues varying fromyellowto

bl ack.. Dot scohdtilié omagernd &pienk faedt wet it yegarikt @rteerat iieslicpospbasbdas i n

an yel |l ow i mage, unless the %ﬁll ow image has 20 a sufficiently |ow

| i ght ness. WEEACANIPRAGE $ B b PrathtedShashauesey daf ngher BRI§BERoIWE o

bl ack, formatjiqgn, ots with the light ink.desira lowers.the lightness
of the i nage.gth%ﬁ%a Thiowtind, &% mepd ke Atk rier%?l%n)égdg}qgi fﬂﬁgg W the

light ink fughben howes snidesddohimess 6f ildRacirageyapd therehy 2b fmkes
the dots of the magenta ink and the cyan ink nore inconspicuous. The hue

of the ddrk ¢cphnisnklasddte mageheahiek bt tdhaopeld aensnky Thendaist off t he
dark ink are thus inconspicuous in the yellow imge and do not | ower the
pi cture qualieycyakiiig e thar RapARtRalihg e thhEveashar et edas ilgk 25

27 Cctober %93? 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

16 dark ink is carried out to enable dots with the dark ink to

be created after creation of dots with the light ink when an

image to be printed has hues varying from yvellow to black.

Dots of the magenta ink or the cyan ink are rather

conspicuous in an yellownimage, unless the yellow image has

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

hues varying from yellow to black, formation of dots with the

light ink desirably lowers the lightness of the image.

Formation of dots with the dark ink in addition to with the

light ink further lowers the lightness of the image and thereby

25 makes the dots of the magenta ink and the cyan ink more

inconspicuous. The hue of the dark ink is closest to the hue

of the yellow ink. The dots of the dark 4ink are thus

inconspicuods in the yellow image and do not lower the picture

gquality. Using the dark ink having the above characteristics
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thus preferably inproves the picture quality of the resulting printed

i mage. The light ink, whose dot on-off conditions are spec?fPdeber B06t he
print controller, nay be light, cyan ink having a hue 5 substantially
identical with that of the cyan ink but a | ower density than that of the
cyan i.nk or light magenta ink having a hue substantially identical with
that of the nmgenta ink but a |ower density than that of the magenta ink.
Dots of the 4BFR PisieTallbdrereyeedtat tdrctireatianl bY dotthew ¢siithbse
light inks. 10 Mre sgecifically dots of the dark ink may be created after
creation of HotS Wi th DOTh the i ght cyan ink and the |ight nmagenta ink.

Creating dots withridasenki oht, hlkSel QUELS-bRe L NRSSs akD Sbyetdw
imge. Creating dots with the dark ink further 15 |owers the lightness in

t he yel | ow i brgehe T sn trakest tdile edqt magf beheigpancyak amd hdeimmgents i nk
more incanspi cuous and _inproves the picture quality of the resulting
printed iPmageubs fanikeblydsiea tliced wheh piefterabiee apint daki BHtot Jdwepri nt

controller that specifies.the daot on-off_ conditions of 28 t he respective
ks based o tFE T G GAPA Shd ThE oot Pedhordhg ABIRBHE oF b SHTEM i ng
the printing, eperakhofantifit: aRqLE 1SPECH et IPtiNRAbEneaNdid beRs W th
regard to a plurality of basic color inks, which include™at |east cyan
i nk, magent & iLnkerafehyety awannkhaaswehé maagiwiat bndar kol bewe12s dark,
whi ch has a main wavel ength region of |ight absorption substantially
i dentical wiiH PRAtPOFrefbeyalfiten ¢rgabian af Idatsr with dheseskighaAnkRat : of
the yel lLgw ipk. The r.esul of. the ,s,eci%i atjqn are output tq a_printer
t hat en%glegEEFéfﬁ%ﬁ¥%§8F5§3tgo‘ t A%t HeS o %ﬁér?l "@ﬁ'ﬁﬁépge€59§rafﬁﬁé and
the dark 2627 +Qhober 8986y ith both the 1ight cyan ink and the light
magenta ink.
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 yvellow 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
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yellow i nk. The printer, receives the specification of the dot on-off
conditions and creates dots with the plurality of basic cdl@gtolenR@06
including at | east the cyan ink, the magenta ink, and the yellow ink and
with the dark yellowink, so as to print 5 an inmage. The yellow ink has a
relatively high |ightness. Even the dark yel l ow i nk, which is darker than

the yellow i %11 .I’]El:lkDOf‘%l%PI}II%tegéaL}’ %hkh%{%él@sc%t%f the syan

and t he magent ow PRK are accor di I ngly no?'tso 10

conspi cuous as -@atrscehat hecsyamd ake@te§ f&t@g@ﬂh&néﬂblu%wgy dihgadark
yellowink in addition to the cyan ink, magenta ink, and the yellowink to
create dots awdopr inksahnthagéeng s Legisgnithecapehylninprideesiagke tpi tnkire
quality of the resulting printed imge. 15 The printing apparatus of the
present i nverfi%ohleagptieaprE 3 f”H@hpF]il‘ﬁtqa}ﬁ?f é’?itl@?’h]d}}‘s'cﬁé’s%% LBy N Fray

have anogher ar ;n%ggement The present: invention is accordingly directed
to a, prlntlng appdaratus that has a print head to create, dots with a

plurality of differgatybhkswoinR R4S NG 1A Sy HAQH qq%m\e@és%ontwén
information to control. the creation of dots vvlth the plurality of

di fferent inkde dGank getldalWl ynkr ehtiedr otisrkeirt thamehel yeblow yingf, siif¥lerent
i nks, based on the input control. information, so as to print an inage.

The printingP&ppabasher 119t agss: thphiBpee &f bhe icﬁﬁns]dﬁ'pPVdJﬁletmaQ?fatta
supplies a 2? [ ur Bl Lcl;sy (%f tt}%S' ﬁ?'ﬁ?el i nks }(oat he a%rcordl ﬁ@&i
g i n Wadi { {o expr ess

plurality asi € ol or elng gondi na one -ano
achromatiec Cc@bREpiBudaskad BK8UPPIhUBYENtNAL %U%é'n%%élt%aiﬁk Irﬁ%ltxfgthe

print head, the dark ink having a mai n"wavel ength region of |ight

absor pti on stibst@mntk gledly owdénki tmladfitti onhad t2d FarOdhRhena@dfba ink,
and the yvellow 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
wilth 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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of one basic color ink selected out of the plurality of basic color inks
but a lower lightness than that of the sel ected basic col 8f Otaker 2806cont r o
information input unit that receives the control, information with regard
to dots of the plurality of 5 basic color inks and the dark ink; and a dot
formation unit that drives the print head based on the input control.
information, so as to create dots with the plurality of basic color inks
and the dar koifnkne Thas ¢ exdr: inkventeored oufl 96 tihe ectwch tig va ofebhddc of

10 printing, mhlch corresponds to the printin aratus of the . above
cont i gur at | oRLTRE P eR8hE Rﬂ%ﬁ&l@ﬁtﬁw Uy HEE of ERetoP T BestSi ng

control info %B%dﬁdlgo C%BB'&%l £ o&flflgﬂttsuf{‘i“%r?a&p&%%hb % ﬁﬁ

di fferent in S an Iving a print h creates dots wt
plurality of céhtterenhrbhkstiod witta xmgaltd ng Wedisusr basefdlaenalieycentr ol

information, so as to print an inmage. The nethod includes the steps of:

(a) supdiyithéCp¢qlgriiWk©ﬁﬂbh§ﬂé=@@Hﬁ'ﬁnﬁksaaﬂdaadﬁérﬁormktiQn wihet pri nt
head, the ﬁ'gﬂ%l't15§%3$a§ % col.or Hgség%%§%¥£oggln q% &%%gloquhlﬁéger to
express achr e RN i g en ion
of Tight absoppllon:;SHPSIARL 'é’ré%fﬁ‘é“do‘i%' w}{“cﬁﬁhtlw %59%19@2 P@S’dacsf@l or

ink selected. out of the plurality basi c ower

| i ght ness thasiéhatinied ame Eﬁﬂ(ﬂﬁﬁﬂjﬂﬁkilc color ink; (b) receiving the
control. .information with regard to dots of the 25 plurality of basic
col or inks and t helvarkraaeat arwe(n@)mdr wl ngsovﬂner@@t@cﬂ heat nrdded of t he

i nput cantro information to cr urality of
color | RS SR T e Mk COTERGPEBIS T Tl T RUGEPOFFE RS B 1M ng
appar at us Ofaﬁ&?e pécﬁﬁ@ﬂ}ufaﬂ:\[%rﬂ[.' O@h@ngreggngagéﬁ)@]%n ZLQQ.Q; provides a
method of receiving control information to control creation
of dots with a plurality of different inks and driving a print
head, which creates dots with the plurality of different inks
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 1light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink; (b)
receiving the control information with regard to dots of the
25 plurality of basic color inks and the dark ink; and (c) driving
the print head based on the input 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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the correspondi ng nethod of printing, the print head is driven according
to the input control, information for controlling creati o ©toldn@06ni t h
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 medium to print an inmage. The use of the dark ink in addition
to the plurality of basic color inks enhances the degree of freedomin
speci fi cat i oR®fc TG erGHnICBAERed (rfsPanBtihgs &aprFent theadl s gHEgR e
specification of the dot: on-off conditions, The supplies of the plurality
of basic col BFCTRKEAntP ¢ HE® dhPRYT nkO™ T 'f%Rgg?QFq%é§1#95ncQﬁﬁﬁﬁi%ﬁﬂgthe
print head is-dhen,drd ¥ en ¢ A6eendi0gate wecf{eeﬁ%%m% the speq! fdmagd on of
the dot on-off conditions. This arrangenent enabl es tKe dots to be 1.5
adequat el y farkednd thetdwerk espect byes iwiks @Re g Prridltitig ofeshstia cc3@ras to
print an_inmage of high picture qualitg. I n accordance with one preferable
appl i cat Pon 18tk Fa@d preséatk iertieofher ergrtiad ongthp peirth Uk & Medied dot s
with at |east c‘aq:ink“ magenta i nk, and yellow ink as the dots with 20
the plurality’ &t Basi® cdl%F i nks. The creation of dots with at |east the

cyan ink, the magentadshnks @l dehg YRK! OW 4 +8RRbLESLBX W RASH 10 Oh£a
practically sufficient nunber of hues. The use of the dark 1.nk I'n

addi tion todds€se arlicaus iGksor enhesiceshantes degrdegr e€ 25rekdbmeedam in
specification of dot on-off conditions and thereby inproves the picture
qual ity of tRecidd@atiieg pEi APEdOnT hfecondi bkt dark &hwist knaRdeRefhe

preferappe application of, the present, ovention, Lhe printing,anpagatus
supplies of the plurality of basic color inks and the dark ink
are fed to the print head, and the print head is then driven
according to the results of the specification of the dot on-off
conditions. This arrangement enables the dots to be
15 adequately formed with the respective inks on a printing medium,
so as to print an image of high picture quality.

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 on-off conditions and
thereby improves the picture qualitf‘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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at least black ink in addition to the cyan ink, the magenta ink, and the
yellow i nk. The printing apparatus al so creates dots w t h27dastbeyadlbow i nk,
whi ch has a main wavel ength region of light: absorption substantially
identical with that of the 5 yellow ink but a | ower |ightness than that of
t he yeIIow ink. Creation of dots with the black ink in addition to the

cyan ink, sm&g{ aow&{ujﬁmi ltfbeaae%'u W 't%ktkgrh gh- 1 LAPr oY, S’“%%Jr}ﬁtay ol | ow

picture qualltyo the resulting prlnte i mge use of t

ink in additigm, tand heseye nksw enhanceset e 101 fle gig ref usr eedemidntes
specification of the dot: on-off conditions and thereby inproves the
pi cture qual <ii¢>’ys ofittthdar&syéilong inge.i mhdghi hages mednagevedangeh viadiamot her

pref erabl e i cation of the resent i hventjon, e pr at us
ereates. dot sg%ltwht@sgﬁpﬁéagt e%ﬁaﬁka DY et il vhi bhrp oo o

the pluralit t

| east og)e |?’gﬁ°.§%}§mﬁ % as alﬁgg gsstg%?%{mtf%gp eg??éy %V?E%k?hat of
at | east one basi ¢xeelt@ln Bk &etecketh otie of1ddre inRl UhakddytDdn hasithecol or
inks but a | ower density than that 20 of the at |east one basic col or

i nk.. Creatierriofindot shevnalyeniia yaki end shecpt bkovw kg fartluelf AgPToNes| i ght

i nk |nproves the picture quality of the resulting. printed image. The use
of the dark ik BT tAdEi flilgﬁlﬁi %/fle?ée RFa gcggéfl%leﬂkém%%%an%g? tfie

degree of fr 9‘8@ !iQr]%\EI‘y l'n%aﬁhoé‘d&’h# ﬁ:h@%eoiﬂw%}ﬁiatﬂc%%s +fad

t her eby furt i nprove e picture quali resulting printed

i mge. 10N affazﬁre@a@mweuﬂmsjlﬂ bpé@@tﬁ@étmbﬁfﬁf ahé ecapph + 68t cendatibhe
present invention, the printing apparatus creates at |east two
vari abl e- si zedddtie ey nignmidvest efte spiekung t guabhly dof 30he7restdébérdg2006

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 guality 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 gquality of the resulting pr‘intzed 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

30



to at | east cyan ink, magenta ink, and yellow ink as the [ of
basic color. inks. Creation of the at |east two variable-sj?llz(?agt S#EQQ%t
regard to the respective inks inproves the picture quality of 5 the
resulting printed i mage. The use of the dark ink in addition to these inks
enhances the degree of freedomin specification of the dot on-off
conditions and thereby. further i t pi |t fat hene

resul ting p%QH%ﬁii%%%%.CY%Qa%%%fggégéﬁaﬁtE%gﬁogﬁgigﬁggggié%Pg %%pl?cation
of the 1.0£ﬁﬁg%quyi@feggg@@,cbm@rpghnging apparatus has an ink reservoir
unit, in which the plurality of basic co.l.or. inks and the dark ink are
kept independent| greknibheopr ithei ay appatatws maviahlehsirakdPESeV¥bir unit
for independently keeping the plurality of basic _color jnks .%5tand t he
dark ink, sopgErsstefthndereefedvpvenkhKEITWS HBe ke ese St tnPt to
the print head cause dots of. t p It Yo, OF Si l.org4d i ndindot s
of the d rk%?‘ﬁ'k 15 e e dted %eﬁd Jfrﬁ%%'ri n??%gu%d?gm%%hi%dr?%?urﬁ?sl?n
printing an_gmaeecaf fy Ohhedd ciake gBhhty¥s The @eargerentfofedmeping the
respective 20 1 nks independently nmeans that the respective inks should be
accommodat edpier i inanionset bhe drnner of Theweld hienmapdidaaspy febeeRer in
one ink reservoir unit or nmay be kept separatel in differ\n%\ink
reservoir UuAMPTONESt BRe B¥G T GUagpdialhisthe e I ek BFv B Peuh t9%my 25
keep a greater quantity. the dark ink, t LY Qf + FOfge basi c
col or ink correspgﬂd¥ﬁ%”¥%u¥ﬁﬁwﬁ§?énfﬁ N en‘%ﬁ%&%ng?%%g%E%gfﬁkh as

| andscapgs andsRALt{RldSoi o %h@rﬂﬂﬂrﬁ;@;ngﬁa?ﬁgﬂé&ﬁs GaaN&n tinkofe s devatar k i nk
is generally consunmed than the quantity of the basic color ink having the
31. 27 Octobehrt2006 which the plurality of basic color inks and the dark

h

ink are kept independently.
In the printing apparatus having the ink reservolir 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 mear;s 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 gquantity of the dark ink than a guantity of the
one basic color ink corresponding to the dark ink.
When natural images, such as landscapes and portraits,
are printed, a greater quantity of the dark ink is generally

consumed than the quantity of the basic color ink having the
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cl osest hue to that of the dark ink. The ink reservoir uniifOthﬁggg g the
greater quantity of the dark ink than the quantity of the co??espo di 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 ink consunption. In accordance with one preferable application of the
printing apparatus of the present invention and the correspondi ng nethod

of printing, Ctheeptitite Headhad afi VBR dattordingThe +hé Taputy Tontd ot

information to create dots with 10 .t.he respective j [ :

control . §ni GTHRL oS0t Fl 8 Brearn S o Patf Mt EE R basi o
color inks, whiGhH cBBﬁéé‘?@n@iné gasti C¥alot Ak PRESHA Irilol yodsuyes ltow i nk,
as well as with dark yellow ink, which has a main wavel ength regi on of

| i ght absor pfuamnt stubsd ant itald yeisthenttiival inkshképat infthdelnld neelerowiimk but
a lower |ightness than that of the yellow ink. In the printing apparatus

of this & raiyEhei®t Pandlehe txdhredpbidl i afdtiHd@soPt ptihtaWE @t S ar e
created with the dark yel %Vc\éei rx],vklt%s 0 el lrptraé% \gatbllet g%ﬁg.)i%gtllgk’ O%hgggagent a

. Inn acgor
ink, and the yelléhlln . I'S” arrangene enhances egree o

freedomin spegififatigppfadpt oF offheLondiddons angdehhebaby andnprakes the
picture quality of the resulting printed image. |In accordance wth one

pref erabl e appldezatdmiiingf ndivopy esentrintient, i ahe plrénpr heaidngsapparvanus has
an ink reservoir unit that keeps at |east the cyan ink, the nmagenta_ ink,
the 25 yel I3@9aindahe e 1a8Ek S HoW LRkCrRaEbeRdenfFgatso T Kith
reservoip uni.t keeps a.gareater antity..of the rk vel v in ‘ a
quanti;;bofq?ﬁ%rﬁégﬁggf?%kgﬂV%E%Hﬁg ﬁ?al¥3Fﬁﬁ§5§?:ghéﬁjggﬂ$ghégeg%§gsand
portraits, H&RALMbEHow: $iedt ehe uARLIEY v the idask1yelilnaw i wKkiks 32
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include at least cyan ink, magenta ink, and yellow ink, as well
as with dark yellow ink, which has a main wavelength region
of light absorption substantially identical with that of the
15 vyellow ink but a lower lightness than that of the yellow ink.
In the printing apparatus of this arrangement and the
corresponding method of printing, dots are created with the
dark yellow ink as well as with the cyan ink, the magenta ink,
and the yellow ink. This arrangement enhances the degree of
20 freedom in specification of dot on-off conditions and thereby
improves the picture quality of the resulting/ printed image.
In accordance with one preferable application of the
present invention, the printing apparatus has an ink reservoir
unit that keeps at least the cyan ink, the magenta ink, the
25 yellow ink, and the dark yellow ink independently. The ink
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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general ly consuned than the quantity of the yellow ink. Th i,nk ervoir
unit keeping the greater quantity of the dark vyellow ink %h%ﬁ&{eﬁé%uanti ty
of the yellow ink thus favorably causes the quantities of the respective
inks kept in the ink 5 reservoir unit: to be close to the actual.
quantities of ink consunption. The technique of the present invention

maybe i npl enent ed._. C k., L ehot eads, INAE! g t

actual i zes Q%Iieel??lljir%tytﬁaoonns%% ?’%8“\8?%1%#‘%9 Sy eor?]p%'(tﬁﬁey%%?%\? %:%Elt rtgﬁeer, 10
or the printjhg apparaius ofi i ke priagenhel greattongehseussest @ahoverine
application of the present invention is a recording nedium in which a
speci fi c progslamd dmk ahtai nhagiudns iftynofi tms yedflowhénjsr ines dgveoyrattdin of
the present invention is recorded. The present invention s thus directed
to a recor diGRPIAERIWRA LBt 1GE eh B gESHSE iFeodfEm KEPT elbr i a
conput er .readabl e _mnner.. .The specifi ¢ pr.oar t-ual. i .

creati ng5 dot¥ W i a up lut'r a)ﬁci '?Dye ocflddglef %gfet(r%t% %R@%ls?dgé%?gQSgF%?Ogr?@{ mage
on a printingd®diddRonthe specific program causes a conmputer to attain the
functions of: specifying dot on-off conditions 20 with regard to a
plurality of basi @heotechniqks ofintheapdas&nt nkvebaded my bapguplemegé edat a,

the plurality of basic color inks _being conbined with aone another. to
express achridhat FempBler, Wied g5pRsi dICheSltHG B'E%Fﬂmvé%q EfgtA-ré§Con of

SR, LS AT bGP I el yaeechastesspiy L
than thap of,t hgesglestedqbasiorLaiOor fke pRéserOntvlting afeausendof
dots with the plurality o? basic color inks and the dark ink, based on the
speci fi cat i abosfe .t henedatpldadgfifoncofdheimressanitt invegtien tis a hecpkdiabity of
basic 33 27 Cctober 2006 ..
medium, in which a specific program for attaining the functions
of the printing system of the present invention is recorded.
The present invention is thus directed to a recording medium,
15 in which a specific program is recorded in a computer readable
manner. The specific program actualizes a method of creating
dots with a plurality of different inks, so as to print an image
on a printing medium. The specific program causes a computer
to attain the functions of: specifying dot on-off conditions
20 with regard to a plurality of basic color inks and a dark ink
based on input image data, the plurality of basic color inks
being combined with one another to express achromatic colorxr,
the dark ink having a main wavelength region of l1ight 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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color inks and the dark ink. Another application of the prgsgif,ei syggntion
is a recording nedium in which a specific programfor attaining the
functions of the print contr.o.l.ler of the present invention 5 1Is
recorded. The present invention is thus directed to another recording
medium in which a specific programls recorded In a conputer readable

manner. The specifi ro m ac [ a net hod of supplying contro
i nformation (fg(;f%r p}li%ﬁ%)ea},% %%h&a% e‘l;r%?i's dots with a plurality of different

inks on a printingghdediypl ikatosdlenst ocronprekehbe iereaitiion ofs det s
with the plurality of different inks and thereby controlling a printing
oper ati on ofréberdrigterdiufhe ispetiithc apspgraficausesran tonmarter g dat t ai n
the functions of: specifying dot on-off conditions with regard t a,
plurality ofthraduactdrrss ¢hR$caREIRb Cé’n&é‘r%}]ieﬁko%&i’&dplaﬁs?% dPVieF%%&é’ dat a,
the plurality of basi | or _inks. hej ' i 408,

express %achg%ﬁﬁFPE%(?gl'o?ﬁlef ﬁgeagrﬁﬁl{?}rﬁa&\%ﬁigggg%énlr}V\/aveleﬂgEaﬁ%ﬁtggigon of

l'ight absor ptd Q- tratihal, | Yni de0éh calspediteh ct pabgphmone rdumsidedcdnl . or

ink selected out of the plurality of basic color 20 inks but a | ower

| i ght ness t harcdnatterofrebiebiel et baghe epkoifi¢ oAl GotHatizRg t he

specification of the dot on-off conditions wth reg%rd to. the plwﬁﬁ%hi ty of
I ‘

basi ¢ col or & Aedhoghaf  HPRIGFRY FROESOLHER TR TR ot d O AP TR G ol |

Information, sq as_.to control t ri ot j ion. ok the priateng 25
Still, anot K&ieHEP iCCAET Bht B tp%g%&&élstgnét)?%llhver%wghEfls a regor di ngg

medi um 1pn Waighi SpechEdsr PEOJEaM FO1 ahé abréagion hetf aacsi enshothehe
printing apparatus of the present invention is recorded. The present
i nvention | pivwslidiy eft@dfemerd LekoradidntherefyrenitmolAilel aPSHBELRAC
programis roi)cquaqcidon 3c?f ZZhgtpgbigrtzelzqu(SThe specif‘ic program causes a
computer to attain the functions of: specifying dot on-off
conditions with regard to a plurality of basic color inks and
15 a dark ink based on input image data, the plurality of basic
color inks being combined with one another to express
achromatic color, the dark ink having a main wavelength region
of light absorption substantially identical with that of one
basic color ink selected out of the plurality of basic color
20 inks but a lower lightness than that of the selected basic color
ink; and outputting the specification of the dot on-off
conditions with regard to the plurality of basic color inks
and the dark ink to the printer as the control information,
so as to control the printing operation of the printer.
25 Still another application of the present invention 1is
a recording medium, in which a specific program for attaining
the functions of the printing apparatus of the present

invention is recorded. The present invention is thus directed

to a recording medium, in which a specific program is recorded
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in a conputer readable manner. The specific program actu t hod of
receiving control. information to control. creation of da%fégﬁth&ﬁ
plurality of different inks and driving a print head, which creates dots
with the plurality of different 5 inks on a printing medium based on the
control information, so as to print an image. The specific program causes
a conputer to attain the functions of: receiving the control information
to control, éﬁea@idﬁ“ﬁ@uEﬁﬁs;ﬁﬁ@ﬂ@béepl@@&P?Fy of i €PEEI6FC | PRITEMY, a
dark ink, the si.c_col.or nks

.t f
another 1o cRBraSY BRI T OIS e AT KT hR AT AG A e S bt engt h
regi on of || ghLaabSert k0P (SUbSL AL A M) JEniGalr ol bk hah ool ape basi ¢

col or ink ected out of the pldrality of basic color 1 nks but a | ower

| i ght ness t hamprtibatheid | heiselecdat bast s waahothd phkirandtdofvd NHFdreénit he
print head based on the input control, information to create dots with the
pIural|tj5oflbh§|Qﬁ(ﬁﬂnmimtnmg mpdivhe Qﬁﬁ¢ﬁ|Qﬂ<thetﬁ@ﬁé§9lp¢¢ﬁﬂﬁmﬁf%ﬂ¥4 mage.
The conputer reads a eci f rans __record

recordi ng medP &% ° Q%lﬁ‘gl‘?rkém?ﬁ% re eeéple% 15 FRTEN %%%Se%?eacfmpdln of dots
Wi th the dark,iftk A% \eﬁglfu&&mﬁéﬂo%her@wi@iﬁw@ cBask61 Cal R rridtion

i nproves the picture quality of the resulting printed i mage. |In accordance

with one pretereaderdapptaation odf dolte witaseanplonzenty ot dawelcspedidd c
programrecorded in the 25 recording nediumfor attaining the functions of
the print coh@k%ﬂdnﬂ'afdﬂﬁhelnkaug@%iﬁlﬂfaﬂdﬁﬁupﬁrbﬁélﬁtﬁgi@Ft#ﬂ¥ﬁlh%%ﬂgbn of

st OI’! ng |n advabncf}f-‘éi{raﬁf%#l S Ol]f1 %Illntg uesed tOS GXBI’ %SS ?_.CCO %r gi;?lﬁ(
conbi natiPonsCYt BEGRA1 §ROFRpadiCcS R RTBFS AHRE OBAG-C135e Far kP AR %
represent thgtipheinknd NhSist HHGEYERgthNGe3on2704 L1 9BRE 28 rption
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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dot on-off conditions with regard to the plurality of ba5|§7 qgn d6nks and
the dark ink are specified, based on the nmappings stored ce. This
arrangenent: ensures the quick and accurate specification of t he dot
on-of f conditions. 5 The plurality of basic color inks generally include
the cyan ink, the magenta ink, and the yellowink. It is preferable that
the dark ink_has a hue close to the hue of the yellow ink, which has the

hi ghest | i ghtfesy® 2iond KBS Bk e o F§FAFAKE t%e@@ﬁ%l%yc&fdlbﬁﬁllf
anot her, pos&%f’élefw_%r}%glé tthgndaogk %ﬁﬁa# %f&?fﬁe’c? Eﬁgéﬁrgn JEIQe ?%Eﬁger -

speci fic program a| ni N I ONS rint con

recorded. Ther gr&aset ad@y@é@lomm% ta}tﬁm@«efn@ﬁtte@ntsqrasr@ﬁ@rqlumgkrraelaum in
which a specific programis recorded in a conmputer readable nmanner. The

speci fi c programact ugldziesiarnetnthod dahesdppl ynhagf€ondtndltiddng nf ormation to
a printer, which creates dots with a plurality of different inks on a
printing®medi um TRePHBFALETERM POIS1C ARl T datisoReBerabl s Wtlrdenihe

P e by et 1 d BESo 208 1 N eV E M ALLAG, 2 R LIE-Ag-PR61 8" | On

of the pl‘ll’ltgl’ speci rogram caus a conput er tarn t

functions oftha%Otﬁae@aihyllm ﬁag @mm@féw@@chot tRAhuM bl f83ied 1w ank,
plurality of basic color inks and dark yellow ink based on input inmage

data, the phiwiahi hgsothdasighesd dighhksss rmiandi hjeat baast cojamr inkk,
magenta, ink, and yellow ink, the dark yellow ink having a main wavel ength
region of | IGREeabsor ﬁ?%@ﬁdéﬁﬁéYaﬁPP§PP§ POSSABALI (?éllplwcﬁﬁlt"l‘i‘at"fof Rhe

yel | ow { nk but a .l.ower ht ness an_t hat the vello n
out puttlng trﬁecoégelcrzlﬁf fn%gtll 5 w??‘lphcﬁ)tsljeocr% of Pr"ﬁéf’* |£Iﬂ£§ %\H%ﬂg %rd to

the pluralityeofund@sits eglme ppkﬁt @@th@lé@rﬂg y&bbpxed nK e ﬂsﬂa@s&m nter
as the control information, so as to control the printing operation 36 27
Cct ober 2006nvention is thus directed to a recording medium, in which a
specific program is recorded in a computer readable manner.
The specific program actualizes a method of supplying control
16 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 printer. There is al so another possible appllcatlonzpéthng
recordi ng nmedium in which a specific programfor attaining t ?unctlons
of the printing apparatus is recorded. The 5 present invention is thus
directed to a recording nmedium in which a specific programis recorded in
a conputer readable manner. The specific programactualizes a method of
receiving control information to control. creation of dots with a
plurality of °di fherBAt"FAKs and driving a print head, which 10 creates dots

th th | it f diff ks b th
ggntroleiﬁfg;ﬁaligﬁg E%Idfe&gfﬁ?:nPoﬁg 4%if§ b a%%g%c? g?ggrgﬁ%caﬁses

a conputer to.abtak gt BeqinCid oS a %%%%h¥'1@9pEB§r8ﬁnf6Plat’d A prdet i on
to control <creation of dots wwth a. plurality of baSic color inks and dark
15 yel | ow i nknhet lf@npktiional oif. ttheofprdiasiitgc lpyraratusksis modadidegl .at Mreast
cyan ink., magenta ink, and yellow ink, the dark yellow_ink having a main
wavel ength régﬁéﬁnbflnviﬂﬁ1Qﬂx§§rﬁbpénd1§%%§?%ﬁ¥1élF?Cpaéhﬂgd%?leW{huihat

f th |1 at of th | k d
e The B o e S ae HE R RshEaRant s or oy s st T o0

dots with txﬁgmpéyr a'@ﬂé'sf)éci)@fé oo A doks Ak 4 Benddarda Yol ivilhg

thereby printing an inage. The conputer. reads the specific program
recorded in &@@tréecemdbm@anednunmi0caﬁtnaﬂ|z&ebheOmesp5cﬁkm$ fwhch i @ns, so
as 25 to create dots with at |east the cyan ink, the magenta ink, the

yel | ow i nk, EﬂnFle¢Yk9ﬂ<%RﬂﬂaﬁﬁmtnRnk$hﬁgdaﬁraﬁg@%e®tPr¥ﬁﬁﬂﬂQ§§4aﬁhﬁﬁﬁ@e of

or asent WP erTorE? BAES Ta TP RIE 1 T Ui e PR (e BBy i ¢
Qt her 37 szgﬁﬁﬂpﬁﬁméggpon 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 yellowink,thepluralityoftmsiccolorinkéincludingatleast
cyan ink, magenta ink, and yellow ink, the dark yellow ink
having a main wavelength region of 1light absorption
substantially identical with that of the yellow ink but a lower
lightness than that of the yellow ink; and driving the print
20 head based on the input control information to create dots with
the plurality of basic color inks and the dark yellow ink,
thereby printing an image.
The computer reads the specific program recorded in the
recording medium to actualize the respective functions, so as
25 to create dots with at least the cyan ink, the magenta ink,
the yellow ink, and the dafk vellow ink. This arrangement
enables an image of high picture gquality to be printed.
In the printing apparatus of the present invention, the

dark ink is supplied by the dark ink supply unit. Other
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possi bl e applications of the present. invention are accordjngl i
cartridges, in which the dark is kept. The present invent ?gﬁdl&’ser?ﬁéljﬁs
directed to an i.nk cartridge detachably attached to a printing apparatus,
which prints an inmage with 5 a plurality of basic color.inks, wherein the
plurality of basic color inks are conbined with one another to express

achr omat i ¢~ GRIfin1 ENgob G LATANL 89€ILERESLRETGINLAL oHeRRL 10B8 kKLY  De
supplied to the printing apparatus. The i nk cartrlélge has an In
r.eservo.i.r ihkatckeepsidder ein andank imk, ddfe dar kdpthk. 1hd pavbsgta
mai n wavel ength region of |ight absorption substantially identical. with
t hat of one Basieatdohnors itdkis shlragtefl oie @f ihe phutaidgy detaakiblyol or
inks but a lovwer _lightness than that of the selected basic color inpk.
Attachment off HRCESANKC cAMTIGE S GPPRE 35PNt TRECE - Hhpafdt dB28RaBIER t he
printing app r?i&r?ai& 'b%%§sﬂ95§l%t.ﬂlk%,h%8g§yfn'trf#%' fﬁr%‘ff&f 8elasic0
previously, this arrangement = enhances the degree o Pree om1in

speci ficati ogodbrtheksletre Odmefded anadint b0d S ndhelHTPé QLS clsliea Ph £orid €1 c

quality of the resulting printed image. 20 In accordance with one
pref er abl e applptat i Bre ofnk hear fyrigkentkeiepsethieonint he daaktioke kbpt ¢ t he
ink cartridge has _|lower |ightness and saturation than those of one basic
color ink sBPeTIRR{LRA T6f tRACLTIHY APPEFabAsSi c By ok ARELTHAIGT dance
with anot her pr glerabl e apnl iGali RRoBL thero 2P DIEsENt oknvenLi . L, dark
ink kept in the ink cartridge has a malrn wavel ength regi'on for nost
strongl yiebspaping aar ayaif WavéBémyen r arg@ionhich isigubstadd@dion
identical with that of one basic color i.nk, selected out of the plurality
of basic cobebstaksiabhyl adgrbhcel wWatbgrthlatofofl jghe bbsbdeprolpryinkn 38
27 Cct ober 2006 . . .

selected out of the plurality of basic color inks but a lower

lightness than that of the selected basic color ink.

Attachment of this ink cartridge to the printing

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

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

In accordance with another preferable application of the

25 present invention, the dark ink kept in the ink cartridge has
a main wavelength region for most strongly 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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a wavel ength region of the visible range than that of the ,sglectegbasic
color ink. In accordance with still another preferable app%ica 1on of the
present invention, the dark ink kept in the ink cartridge 5 has: (A a
characteristic wavel ength region for strongly absorbing a ray in a visible
range to mainly determ ne the hue of the dark Ink, which is substantially

i denti cal mﬁgh a ﬁhar% teristic g@%ﬁgfn th.region of one basic color ink
10 sel ected Sut’df FH§-§|6F§HPPyO f O%sive SEoer TangskLhore)the tdin V28 ue of

l'ight absorptbYbtyehhBhsis g5eatefnxthan or substantially identical with a
mean value of light absorptivity of the selected basic color ink in the

characteristic waveh engolrdaggieon i stthe 1dakkthdK pre@Bdable({Pp @ dBAHV Al ue
of light absorptivity that is greater than a nmean val ue of 11 ght

absor pti vi t yobfthehprest¢r iagdebadpo . ol darkiimk kepa iwatiet éngtdurtegidye of
visible Idight except the characteristic wavelength region of the dark ink.
Attachmert, 95t he ink cartridge, in which any one of these 20 dark inks

s kept, 1O the pridfiANGcARPALELUEs LNEDLE9e108. LR LOLIAY FBRAIALUS &G
create dots with the dark 1nk. This arrangenent inproves e prctur
qual ity of tdiesomsind iangay pir AtedsinBgeanye 86GRIFARCEsetNi A8 HY aler abl e
application of the 25 present invention, the ink cartridge further keeps
t herei n one °hakhe éarkr infik s@lisdt eib ositbotanticaPlsur ddéenyicdl bastl eol or
inks. In acc rd%%ﬁ%,“‘th anothilﬁi%Ierabbe application of the present
i nvention, tHETIHK T g Tt THET KEEFSORhéHei fRe bPASECI i Lothi &R s
achromatpc %ﬁﬁeQ%%daJd@No%'Qﬁgnﬁiﬁrahﬂty3gf2ga§§éOggioémggks;
(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
15 (C) a mean value of light absorptivity that is greater
than a mean value of light absorptivity of the selected basic
color ink in a wavelength region of visible light except the
characteristic wavelength region of the dark ink.
Attachment of the ink cartridge, in which any one of these
20 dark inks is kept, to the printing apparatus enables the
printing apparatus to create dots with the dark ink. This
arrangement improves the picture gquality 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. 1In accordance with another preferable application of

the present invention, the ink cartridge fﬁrtﬁer keeps therein

black ink, which is achromatic and has a low lightness. In
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accordance with still. another preferable application of the,, ?&ﬂi
invention, the ink cartridge further keeps therein at | east one t ink,
whi ch has a hue substantially identical wth that of at |east one ba5|c

color ink selected out of the 5 plurality of basic color inks but a .| ower
density than that of the at | east one basic color ink. The arrangenent of

keepi ng any atcbhesgcknksthnsaddi tiritnd0 diecdanke. kBK1iBatNEnSaABLAHK
cartridge saves the total space required for the ink cartridges, conpared

Wi th separat preaknt. lhcartrondgedet hait dardependenitt yhkedeagree tbbrehaset i nks

therein. |In_accordance with another_ preferable application of the present
invention, theafhkorart¥tigd Hur Vhérhieeps® tRér E1 56ﬂ6t1%5§Y01%%ﬂ%&CQhk

| ect ed | ur al b | | i gh
Pel ot o ot gBly NPl 20T 8l BRShatRl Bhyer U 2NACAL BALor 30, O

basi ¢ colpr 4 Dﬁréﬁiﬁft@ﬂ b&dHc Qﬂ‘oltd}e 1R Bhaitt ¥ QI)wQﬁS&&n@Pifrthérﬂkt%é)cUt a

| oner density than that of the at | east one basic col or

arrangenent obdftkeept neddiesene rikssitcogetlver imk.addition to the dark ink in
the same ink cartridge further saves the total. space required 20 for the
ink cartridges. THeXeaEsPBECMARS qﬁq&sﬁaa#ﬁg Et%oéaﬂ@'s? Afkgr &0 i fion

consured in Lhe process of s prit 00,2 color d.uRge. . phergas, Lhe biack | nk
is mainly cons (Ed & proces§0f pricAtihg i mage,

for exanpl e,r@qlﬂﬂ%m%r tHR€ 108 £APELTRAL s KeSRSod eS8 Q] WegdHehe WRiKCH are

mai nly consumed 25 to print a color inmage, together in the sane ink

cartri dde, epariatieed tbmtt heddpackertiky kEkbsoms wangkapatidesithalreyn .
enables only the ink cartridge keeping inks mainly consuned to be replaced
according to the|ﬂ%ﬁﬁP@Eﬁ%ﬁp%W“ﬁPéﬁmmﬂﬁ?Pﬁﬁf%§@?¥$é@@léPaﬁﬁénﬁﬁE§€ﬁt

i nvention rmﬁ/reksee%pc :anenzlont (%%e _11%9 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 arrangemeht desirably
enables only the ink cartridge keeping inks mainly consumed
to be replaced according to the image to be printed.

The ink cartridge of the present invention may Xkeep
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therein an ink having the follow ng characteristics as the _pa&k erlz&g% (A a
characteristic wavelength region that is nostly in a vvave%eng??'u range of
400 nmto 500 nm the characteristic 5 wavelength region strongly
absorbing a ray in a visible range to mainly determ ne the hue of the dark
yellow i nk; and (B) a nean value of absorptivity of the ray in the visible
range except the characteristic wavel ength region, which ranges from 10%
to 60% 10 TH&STRKcar tinkdeevbig the firldsentnd avendtdionr tayicahberatiavel y
keep therein.an ink having the following characteristics as the dark ink:
(A) a hue inc}ln%ded in a specific range of 10R to 10GY on a Munsell hue

circle; and 1.5 (B} a Lon.of. r- th 3.5C on.a Munsel |l chrona.
Attachnent of the 3nz %a%ﬂtfé?%%g?l%ltmgﬁ%éﬁfg%?l free8™ itﬁﬁg/ujr§ Rept Yto
the printingiappaiatebeenablrasgehes Moo SPPHAL Yol EngrLat & dots W th
the dark ink. This arrangenent inproves the picture quality of the

resul ti ng® pr Vavedengijere2omisd nonedgnebiomleintd enrhy th reeetiedble mmdak

cartridge that keeﬁs herein yellow ink and dark yell ow i nk, which has a
| ower | i ght n&2sPEhBNY t Aate B RhetSRIT v K heThe o gsddov itRtkenePn is al so

directed to an ink Ltrd t herein_dark _yell ow ink and bl ack
i nk. The present i%%gﬁtrﬁ%%gggﬁ'pg C%fku?e‘?gé]r:pglﬂr?%‘g 85 tic}%)e §Fy?yilr{k3@%3r"ilﬁ‘l&’ € t hat
keeps ther ei fange! bawepnk, tidarknyehdovi ke C¥aPei Sgth i gBLiG¥aN Jrikn

magenta ink, and |light nagenta ink. The arrangenent  of keeping these inks

t oget her in Xdgesaneom nlOTard raldge saves the total space required for the

i nk 41.%7 Oct ober_ 2006 ) .
1 The 1ink cartridge of the Dpresent invention may

alternatively keep therein an ink having the following
characteristics as the dark ink:
(A) a hue included in a specific range of 10R to 10GY
on a Munsell hue circle; and
15 (B) a saturation of smaller than 3,5C on a Munsell chroma.
Attachment of the ink cartridge, in which any of these
inks is kept, to the printing apparatus enables the printing
apparatus to create dots with the dark ink. This arrangement
improves the picture quality of the resulting printed image.
20 The present invention is directed to an ink cartridge
that keeps therein yellow ink and dark yellow ink, which has
a lower lightness than that of the yellow ink. The present
invention is also directed to an ink cartridge that keeps
therein dark yellow ink and black ink. The present invention
25 is further directed to an ink cartridge that keeps therein
yellow ink, dark yellow ink, cyan ink, light cyan ink, magenta
ink, and light magenta ink.
The arrangement of keeping these iﬁks together in the

same ink cartridge saves the total space required for the ink
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cartridges, conpared with separate ink cartridges that ?‘?88”9?566 keep
one of these inks therein. In accordance with one preferab e app ication of
the i.nk <cartridge, the capacity of the dark yellowi.nk may be set to 5
be greater than the capacity of the yellow ink. Wen a natural. imge, such
as a |landscape or a portrait, is printed, the consunption of the dark

yel low i nk tends tq be greater than ,  the consunption of the yellow ink. The
greater capacdith 3 d‘%getshe QarRAYe! | W Gtk SERERatRat ToF  t9Fe tFeidesw i kkathus
enables 10 t ed-u S |aIJ the sanme tine.

Thi s arrange%&?ﬁ:23 E\églebggﬁykrggguggé ?ﬁephw%gs e l%?é " replacenent of
the ink cartridge, Thmodvetenewi bk drs aﬁgﬁleg@bl@atppqﬂcﬁ&g%n%@&&ﬂeti/m@f the
other. ink still. remains. The present invention is also directed to an ink
15 cartridgecemarileepsthe eam gl tdade ytelel darknkellowghinicyay bekseantb | i ght
magent a i$1k The arrangerrent of keeping 'these inks together in t he sane

i nk cartrd dgB®sSHAE HhERestHte c@BéEétYrcéfqﬁpﬁéibelfld?w fRE-| ﬁ@%ﬁt@@ﬂ@é@l
conpared Wt ar i cart t hat pen ent kee 0. f t hese
i nks therei ntﬂméggw‘lgﬁgg %gturgl tﬂdsgggg %ch zf;])dretl]aalnd rpte p’or? ait,

is printed, cbheseptiks & errof tﬁ}m@@umdlmr @ehﬁé—ntéh@e%ﬂ%téf‘@lan The
arrangenment of keeping the dark yellow ink, the light cyan ink, and the

| i ght nmagent Bh¢ nkon sundiel eramet itile (y@rltqutﬁg@kena'blhesgrmtqrtdumaﬂﬂy of

cartridge to_be replac according to the image 25 to be printed. In
accor dance Wit dcﬁfg‘ aE)PE EB%I“N’C%‘%"F &f 6ihet Kellpveseht thuf émabdes t he

i nk cartjpi dog, S0t s r ce that sto nf ormati.an
regarding a quaérﬁlét%&’ o? cach 58 & qup \éﬁerg‘éllk % §‘lai? d5bt €20 iR e,
vol ati | e manmers af&hﬁgéﬁxd@b@ésﬁﬁgﬁly reduces the waste of ink by a

and

replacement of the ink cartridge, in which one ink is used up
but a large gquantity of the other ink still remains.
The present invention is also directed to an ink
15 cartridge that keeps therein dark yvellow ink, light cyan ink
and light magenta ink. The arrangement of keeping these inks
together in the same ink cartridge saves the total space
required for the ink cartridges, compared with separate ink
cartridges that independently’keep one of these inks therein.
20 When a natural image, such as a landscape or a portrait, is
printed, these inks are often consumed more than the other inks.
The arrangement of keeping the dark yellow ink the light cyan
ink, and the light magenta ink in the same ink cartridge enables
only this ink cartridge to be replaced according to the image
25  to be printed.
In accordance with one preferable application of the
present invention, the ink cartridge further has a storage
device that stores information regarding a quantity of each

ink kept therein in a readable, writable, and volatile manner.



Storing the information regarding the quantity of each ink,kept,d Bodghe i nk
cartridge ensures the printing operation based on the information wth
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 appaPatts Y I GFFIRER CPhECIaThERY it gHapédardPhadie

10 cartrid The .area

tity of ink kept in the ink. is stored, ,
wi e 11 v stokaceRo ATtk Eakbhind? e KBl BaTabb A T oy

area in the 595848 48Yi 0€r AGELSRIPLE Nt REAELIHERN AELLSE DY e Pt T ng
apparatus. Storing the information regarding the quantity of each ink in

this area 1.5ushboitenstthekti mhisequiraadefhontwsfféayitvdey ipfeorarmtd ahe Thi s
arrangengnt effectively prevents the information to be witten ,from being
dest royed bylelt £Fery 8ing nesedwWEr upple cofrske ofppraritigdapparatus in the
course of the writj,ng operation.. Wen #h (?ark i nk_kept ind;ghe in
cartridge is used U O5°4R ITRSURBTHBroT SRUHGPS TRt T HBPIVIS t he
dark ink to af henit NhLREY d980r8R ta%nt Qr6PRGE N LT &AL AN 1f kg oWat h the
dark ink and print an inmge of high quality. Another application of the
present i nvemnt ibenwistaeootdigigby tine iprdntinpphpeara e gpdesenthialvehki on i s
thus directed to an ink 25 supplier that :feeds a supply of ink to an ink
cartridge, WETEMRtideTrrARTEAPEr i RR)EURE tEEY atthebich Bk &eRédindhe prKnt i ng
appar at yg andarkﬂerel%séher%i_ %raet | east one ink used by the printing
appar at us. 'ﬁ1_e in gsupltﬁ iSSP udes a sealed ink reservoir that keeps an
ink in a sealing MRRNELeadPRfi BPeh K3 127 EBLOREEMEPOO6 4 head area in
the storage device or any area in the storage device accessible
to be written first by the printing apparatus. Storing the
information regarding the quantity of each ink in this area
15 shortens the time required for writing the information. This
arrangement effectively prevents the information to be written
from being destroyed by cutting off the power supply of the
printing apparatus in the course of the writing operation.
When the dark ink kept in the ink cartridge is used up,
20 an ink supplier is used to feed a supply of the dark ink to
the ink cartridge, so as to continue creation of dots with the
dark ink and print an image of high 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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supply unit that feeds a supply of the sealed ink to the i artridge.
Thgpi %k sealed in the seal egpi %k reservoir has the foll ovx,?}(n(g)ftgber%deS
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 vissbbhe uhangengxceniad he ehangcheristi s yaveliength Lgi o5
which 10 ranggg ?r gm 10% to 60% TheS ?%k%guppl I er has tﬁgﬁgtetglg gi%

reservoir thatrkeepge.anrhaknknsaasealimghaeineled and tdwedwki suppl yhani t
that feeds a supply of the sealed ink to the ink cartridge. The ink having

the above chiPatP¥ingt FRaTpATeRATLIBI:is sealed in the sealed 15 ink

reservoir. The chajacteri.stic wavelength region,.of the [nk, which mainly
det erni nes the huebg THFTHE TGt Cglvﬂ?veﬁ%glgﬁa‘eﬁe?‘hoPhEh%vﬁ &Mt h¥ ange

In

of 400 nmm t01R00u88y Thl % FRANFANA hfgel Bk 10Ny fasshhefiue Ol
yell ow. The ink has the nmean val ue of absSorptivity of the ray in the
vi si bl e r angeh2faekeepsttdevahereaniter rsyiionvevebesigt kbsegbahg whi-€h irmnges
.from 10%to 60-0.. This neans that the ink has a |ow Lightness. The ink
havi ng t he chafbttlets stange () madalyBdeitermdper thaghye oepthadatiiie alid h t he
dark "ink. In the gyent that %heé%arkink.ke,t i_n.the ink cartridge is
used up, supply of&{)hg' T9K Y7oRt ?‘}P\%O‘F%V%’(J‘g%fjﬁe §53¥ HE PRk Vé‘é{"’r“?)ﬁj i“dge
enabl es contidHilISexEEpat itgR ofn ot ‘c,st:é’fitﬂ'ité"ewéj\iéfeﬂ ‘ th%bHF hilgage of
high picture quality. The ink sealed in the 1 nk supplier y alternatively
have tHO fotdragwangEhariact erd stoiscs; 44 27 Cct ober 2006
The ink supplier has the sealed ink reservoir that keeps
an ink in a sealing manner, and the ink supply unit that feeds
a supply of the sealed ink to the ink cartridge. The ink having
the above characteristics (A) and (B) is sealed in the sealed
15 ink reservoir. The characteristic wavelength region of the
ink, which mainly determines the hue of the ink, is mostly
included in the wavelength range of 400 nm to 500 nm. This
means that the ink roughly has the hue of yellow. The ink has
the mean value of absorptivity of the ray in the visible range
20 except the characteristic wavelength region, which ranges from
10% to 60%., This means that the ink has a low lightness. The
ink having the characteristics (A) and (B) is accordingly
replaceable with the dark ink. In the event that the dark ink
kept in the ink cartridge is used up, supply of the ink from
25 the ink supplier to the ink cartridge enables continuous
creation of dots with the dark ink to print an image of high
picture quality.

The ink sealed in the ink supplier may alternatively have

the following characteristics:

44



(A) a hue included in a specific range of 10R to LOGY on %gl{rbsehéo hue
circle; and (B) a saturation of smaller than 3. 5C on a Mihs Sma.

This ink may al so be used as the dark ink. A supply of 5 this ink seal ed
in the ink supplier to the ink cartridge enables creation of dots with the
dark ink. The technique of the present invention may be :inplenented, by a
program code that is stored in a conputer to attain the functions of t he

printing system tHhé&)pf ﬁPecbﬂF%Bﬁ?@rlnoﬁi RREHY DrigdngTapp&r &0udO6¥ t he
present inventi %_”M‘E’l'n%%‘ﬁs‘t?ﬁea%Q\é%gﬁéThSdco”p“t er then executes the
en in

respective functions wit program code. A first possible

application of the ppr£sgptrkPYEAIFOnA B14:NYEaA PIRISAN EANe 11 Britbhsh a
met hod of creating dots'with a plurality of different inks so as to 15

print an image on @hpsi itk mgpynedisenbesuswd tdethiendarkoipkit ed supadghbde
manner. The nethod actualizes the functions of: specifying dot on-off
condi ti ond thﬁSrJégjhﬁaatlédanFh?dmlﬁ %upbil%%@c’fftfb%k GHKE 189¢ enaFRS i nk

based on i nput _ e da t he plura of basic col or inks bei ng
conbi ned w tﬁrgﬁléggg 3%0 ﬁts %)%éx}lbl?%sés %hjl’%%tl c color, the dark ink

having a main waveher@binki @bk Ohe ldr@hlenabsordid Qh sHbPHA ﬁi,antea
identical wth that of one basic color ink selected ou of t e plurality

of basic col by anksodudam acddamehalti ght siessed hian a hampaftetrheo setatt edhdasi ¢
color ink; and controlllng creation of dots with 25 the plurality of basic
R

col or inks aRePEhEORRIKE FRR PHASERDAYSERB . SRECPFLBAIGOH Tl kefe @BtIn- of f
condi t i ofps %H"n £9 g>par ttuhse Bl y ﬂalprt%eent g%g;%gtﬁﬁbgé%%cgﬁgs? dathQfee dark

i nk. A second possi application of pr €s a program

code, in whifhe acdﬁ%hh%if Gfh SURRIURS sCRALS Phspéet 2fe FUALE0:A0QR i tten

in the program code. A first possible application of the
present invention is thus a program code, in which a method
of creating dots with a plurality of different inks so as to
15 print an image on a printing medium is written in a computer
readable manner. The method actualizes the functions of:
specifying dot on-off conditions with regard to a plurality
of basic color inks and a dark ink based on input image data,
the plurality of basic color inks being combined with one
20 another to express achromatic color, the dark ink having a main
wavelength region of 1ight absorption substantially identical
with that of one basic color ink 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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information to a printer, which creates dots with a plurall of ,0i.f f er ent
inks on a printing nedium in order to control. the creal%i%@o?ﬁagks wth
the plurality of different inks and thereby controlling a printing
operation of the printer is 5 witten in a conputer readable manner. The
met hod actualizes the functions of : specifying dot on-off. conditions
with regard to a plurality of basic color .inks and a dark ink based on

i nput . i magedaraatine pP i Rty est Waselk @oiadies ArREsbel Hy acpABraddtyw th
one anot her tqQ express_achromatic_color,. the dark ink 10 _having a i

wavel engt h rggigﬁggngPghfng s%?p?i%ﬁﬁngﬁﬁ%f%ﬁﬁnglﬁni85§FFCEP,CRP£%°Ehat
of one basi ctg@l 8Fcdkon & eetady ot Qe theRhYkY b Yaofrdlasic 16RO ENKS
but a lower |I|ightness than that of the Selected basic color iInk; and

out putting thbespbgi Eboatrbdhiof &hpréoting- opétatondi &f otise wbiintdd fegard

to the pluralit¥ of basic col.or inks and the dark ink to the p:ri.nter as
the cont rdl . vFaFbeRuil GnCOBBURST e adiftomannps - prife meghoderatrahiaest he
printer. A thjrd possible applicatian o he present jnpventiqgn. is a

Dt ogr am code PP FRTIPRE AL RO O TARSeToF A Bom F O U FOPRet T o
control crea&b_caﬂﬁ%rgﬁﬁyw Bagipldddd §¥x8fadl HIQLANE pkNkSs ANdndfdMing a
print head, which creates dots wth the plurality of different inks on a
printing nedimage bsted, thre pheradfntyodf ivdOrdaidlor, iaRksabeing prdnbiresd | mage

is witten in a conputer readable manner. The nethod actualizes the 25
functions of Witk cele| 2RPEPRL conteXNTeFH RPREIGH 1D o .olthes dagy dmlof

dot it | it f _basi i.nk d d ink, t | yral it f
bas o cdtor IREE hei hg BoHbI rE 41 19 Tond SHdThero 0 't ps SERATEER ¢

color, the i havi Ng; en r aqi i ah ornti on
Col 01 ot 1S, catd ke 1A 0 o PR YRYEheRGLR 91 i Okl SNboRBEORY

selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink; and
outputting the specification of the dot on-off conditions with
15 regard to the plurality of basic color inks and the dark ink
to the printer as the control information, so as to control

the printing operation of the printer.
A third possible application of the present invention
is a program code, in which a method of receiving control
20 information to control creation of dots with a plurality of
different inks and driving a print head, which creates dots
with the plurality of different inks on a printing medium, based
on the control information, so as to print an image is written
in a computer readable manner. The method actualizes the
25 functions of: receiving the control information to control
creation of dots with a plurality of basic color inks and a
dark ink, the plurality of basic color inks being combined with
one another to express achromatic color, the dark ink having

a main wavelength region of light absorption substantially
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identical with that of one basic color ink selected out of ality
of basic color inks but a |ower |ightness than that of th%}gg?%%%gg basi c
color ink; and driving the print head based on the input control.
information to create dots with the 5 plurality of basic color inks and the
dark ink, thereby printing an image. Any of the print controllers and the
printing apparatuses of the present invention discussed above may provide
a pluralityidkndackliwksh dnchtusé€soree masti csabl@blimkdaekebnkdasutl o the
plurality of dark_inks sinultaneously according to an inmage to be printed.
The present PAVEALLEH PayPaccOFaiLAgl ynhavalt gt hevepokidibine sspphaaathans

di scussed belaow,.. A fourtr ossi bl e . licatio f .the present. ipvention is
thus a printogcg%?r%?'%%p?%a a%ﬂ%ﬁ?fggp ’rSP% gﬁﬂgﬁﬁﬁthﬁ Pﬁlﬁph??% er,
1.5 which crgates JPtseM i dnt @l § ¥ rofndi fS£nent !a??é’dd& QEdgrend O
control. the creation of dots with the plurality of different 'inks. The
printer c&reapesradisywiftitasi pbulakiinksoéndadiecid Ohk, ithesedy peidtims W th
a plurality of dark inks, wherein the plurality of basic color inks are
conbi ned w t#&? offee@fot her 20 to express achromatic color, and each of the

dark inks has a in el en tE reqion.of Ii é absaqrpt.ion substantially
Cdentical with that Pt aie BRERE COBtGPLIPRR aé‘gi{ %?@&lﬁﬁngfaﬁﬁ?em%%ﬁsamy
of basic col@f iBks budsént 0wekchirgBhnesss dfrand hatovof r&%&e ﬁfb@f&@d Dasic
color ink. The print controller. 25 includes: a dot on-,off condition
speci ficati glurdatittshatf dreciihkes adat ueBsohfmeondsti vars1 M ddrK agar @t 0 t he
pluralit of basic color, inks and the plurality of dark inks, based on
i nput i rge d @ BIvARYLEY cdhdabk dingdsor atl omenpur agaprdihatto swutipags t he
specificatiqp qj the.qgt on-of f conditiaons with 47 27 Cbt%ber‘ZO 6
0 be printed. e present invention may accordingly have
other possible applications discussed below. A fourth
possible application of the present invention is thus a print
controller that supplies control information to a printer,
15 which creates dots with a plurality of different inks, in order
to control the creation of dots with the plurality of different
inks. The printer creates dots with a plurality of basic color
inks as well as with a plurality of dark inks, wherein the
plurality of basic color inks are combined with one another
20  to express achromatic color, and each of the dark inks has a
main wavelength region of 1light absorption substantially
identical with that of one basic color ink selected out of the
plurality of basic color inks but a lower lightness than that
of the selected basic color ink. 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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regard to the plurality of basic color. inks and the pluralj 0 ar k
inks to the printer as the control. information. A fifth p%%sé‘;r/t%tieégoocé
application of the present invention 1is a printing apparatus that has a
print head to create dots 5 with a plurality of different inks on a
printing nmedium receives control. information to control the creation of
dots wth theo‘flﬁ%li‘% of different inks, and actually creates dots wth
the plurality S fPef BRtP &1 BasddPant ¢ P iHpdfkeontd oihe DilprEAd on,
so as 0 Priife af gt Hie el BiliNg.aPRAT BhUSoA0. L OS] eS8 Pas! ¢ col or
i nk supply unit that supplies a pflura ity of basic color I Nks to the pri nt
head, wherein the aplrtiEahi pysefbbasisp coboridmkss ane lenediwytRtene
another to express achromatic color; a dark ink supply unit that supplies
a plurality dfs dapkinhksgtappaeapus rithdiedds aherenn Héadkdoh cokattkeddask

i nks has mai_n_wavel engt h region of light  absorption substantially

i dentical® w¥iPt FatPBirdhk hast c AL6FBFSN T nknkE| O et BERBIRG hBefital ity
of basic colaqr, | b lo i_ght ne p_that. of the.sel ected, basic
col or ink; aQegSEﬁ%gl HEP%?%%W%%%#%&& %EDn%FgPﬁé?theecéjlrvegs‘ltoﬁeogoﬁ?}:%l 20

information with freggndrhoidoter airtdeept Uhaki tahPhcPaal Ey cHRtes dBks and
the plurality of dark inks; and a dot formation unit that drives the print

head based owithd&henpuurgbhty olf. diffiefearmitkonpasedam the dmpattecaotsoln t h
the plurali t% of basic color inks and the plurality of dark inks. 25 These
and ot her, obPERFEat{@Ry FRES ARV agnimagey afbsyBs 1ot 1pAARRTSTHES

mert o Lho RESUE IS SRPSLaL: LHMABELOLLNE TugR e e g
27 Cctober 2006raBRE o DBARIP TR -OmilEE: ORAW NeSnt head, wherein the
plurality of basic color inks are combined with one another
to express achromatic color; a dark ink supply unit that
supplies a plurality of dark inks to the print head, wherein
15 each of the dark inks has a main wavelength region of 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; a
control information input unit that receives the control
20 information with regard to dots of the plurality of basic color
inks and the plurality of dark inks; and a dot formation unit
that drives the print head based on the input control
information, so as to create dots with the plurality of basic
color inks and the plurality of dark inks.
25 These and other objects, features, aspects, and
advantages of the present invention will become more apparent

from the following detailed description of the preferred

embodiment with the accompanying drawings.
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Fig. 1. is a block diagram schematically illustrating the ryct of a
prignti ng system i ncl udigng a print cont rgl ler and a go. I orzéé(ft#ieé?&%n one
enbodi ment according to the present 5 invention; Fig. 2 is a block diagram
illustrating a software configuration of the printing systemof the

enbodi ment; Fig. 3 schematically illustrates the structure of the col or

printer of t i X Fi 4 . show the principle of dot
formation i nr&ﬁepgﬁ%%ﬁqéq%erd%% EthRg‘%gé%nent; Figs. 5A and 5B show
arrangements of nozzles; iy Lhel £ 8F agPhii@lenft 038 1§7DO0h FBAL & 144 Gneb
shows the internal, structure of the print 1.5 controller of the

enbodi nent ; Fmuctiirshess aapriphocagsseftercenyindimata ptitrpuicohrtamidaerpri nt
head to a, drive buffer, and creating dots in the printing systemof the
enbodi nent ; Fgsa ALY PEIGHegH AR penspainprE agaand igitow nge REesgpt
cartri dgeg at.t ach%bl e to the color printer of the enbodinment ; Figs. 9A
and 9B ar8 grapitd <oV ng observed quantities of ink consunption when

natural, imges are;prinedswid hhihie @QheraRr iRl Qfaihe eabadiceRate Fig.
10 is an enlarged view illustrating a storage 25 elenent nounted on the
side face of colEiignkatdonr bdgehe Prgnting. sghows ¢hetcondmnidinoinidat a
stored in the storage el enent of the ink cartridge; Fig. 1.2 shows an
exanpl e of ink conpégitfofchemeliealthelllesitoratns her s¢rucherenBddihent : ;

49 27 Cct oberczoagQCGPrli:hgérlgfl $h8 g&gggiggg‘m ng the curves of lightness with

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

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

Fig. 6 shows the internal structure of the print

15 controller of the embodiment;

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

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

20 cartridges attachable to the color printer of the embodiment;

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

Fig. 10 is an enlarged view illustrating a storage

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

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

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

color printer of the embodiment;
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regard to the respective i.nks having the conpositions sho in Fig. 12;
Figs. 14A through 14E are graphs conceptually showing 5 t%ﬂgﬁﬂﬁig&%scopic
characteristics of the respective color Inks wused in the color printer of
the enmbodinent; Fig. 15 is a graph showi ng the spectroscopi.c
characteristics of dark yellow ink that is designed by wutilizing the

degree of freedomin spectroscogéc settings in 10 a wayvel ength region of
| onger than 650 nnt 1Firg-> 16° éhé p@x%ﬁ%%%%%ﬁjﬁTCESVSFSO§M%%9 oS Sof1d8r k
yellow ink o : pPriLntLng: pap 1 S ti.cal

illustrates ?ﬁgﬁgggggrg%%egégﬁéﬁgl?%Kﬁgﬁﬁ6F$Q%KL§%HE%%) eé&ggoéépSP§W8f i nk
to the !nk ca&ﬁmﬁ@geaz;15 Fi.g. 18 is a f!omchart.shomﬁng an i nmage .
processing routine executed in the enbodinent; Fig. 19 shows a conversion
tabl e used in the Enbedi héAt thréigs. 140 ABNdGr20Bsc oroepptiablyysbbowanget hod
Ohod ok BT e Ao sl b e pebpech Regi Bzinis
enbodi nent ; FEPGsS ' ' i SLVEQPLOI2I 185 g

fl owmchart showi.RQ: {.narizatj.. oces b ) or diffusion nethod
executed in ?%%Heﬁgo ?%e§§?5§F$?§£t§% %ﬁd&gaé%méggﬁﬁﬁg”of wei ghts added in
the process 25 of diffusipg tiBe e r grdpn t hendriy didd usipacreddeshic Fi g.
24 shows the systematic Q|ther nmet hod; F{gs..25A, 25B, an 25@ show results
of sinul ati vehataapetrastbes ofoft héadot yeddomdi imgk r &hirnd wigd hdesggnddt d¥rach
color i.nk i@,the,ca§e of printing_a gradation p%tte[n tron1£§d to 50 27
Oct ober 2006UthIAEkRH HH (H7ETE6 8F Precier gt sPREtERFEAPAEnsettings in

10 a wavelength region of longer than 650 nm;
Fig. 16 shows expression of colors with dots of dark
vellow ink on a sheet of printing paper;
Fig. 17 schematically illustrates the appearance of an
ink supplier used to feed a supply of ink to the ink cartridge;
15 Fig. 18 is a flowchart showing an image processing
routine executed in the embodiment;
Fig. 19 shows a conversion table used in the embodiment;
Figs. 20A and 20B conceptually show a method of
determining the rate of formation of dark ink dots in the
20 embodiment;
Figs. 21A and 21B show a binarization process;
Fig. 22 is a flowchart showing a binarization process
by the error diffusion method executed in the embodiment:;
Fig. 23 shows an example of weights added in the process
25 of diffusing the error by the error diffusion method;
Fig. 24 shows the systematic dither method;
Figs. 25A, 25B, and 25C show results of simulative
computation of the dot recording ratio with regard to each color

ink in the case of printing a gradation pattern from red to
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Figs. 26A, 26B, and 26C show results of sinulative conputation of the dot
recording ratio with regard to each color ink in the caseZ2oPctpherAa®ibng a
gradation pattern fromnagenta 5 to black with the color printer of the
enbodi nent; Figs. 27A, 27B, and 27C show results of sinulative conmputation
of the dot recording ratio with regard to each color ink in the case of
printing a gradation pattern fromwhite to black with the color printer of
t he enbodi menilackO wHit@s th288p138Bprande286r stiow ¢misediime9f ; Si mul ati ve
conput ation of the dot recording ratio with regard to each color ink in

the case of printiRgJda.grédat i29F padner A6Fr smoredasarl s ack wilmhlaheveol or
K; and 15 Figs. 29A

i nt [ | he fo
Bnd 208 show POSHNPE 16 U RGF SFVE BOTBULAET 10 "R PO CPETURiPT at | o
with regard tgayeaghecol orsd %l% b?lrﬂtQﬁgcésﬁﬁa&rdnnb'a@ge?ﬁg ﬁﬂtﬂng attern

fromwhite to black wth the color printer using onl ree or i nks

C M and Yto201BESGRLPTI e Gho THE PREGERRED Ewmammn@m .node for
carrying out, the present invention is described belowin the fol | ow ng

sequence as a pref&t¥ed 2éfbodi’FentanP2 iC S@@Mcﬁ@ﬁéléﬁ ,&qcfpafifmtulsatwel

General . Stryct t f Ink Cartrid k_Yell qw I nk B.
[ mage Pr ocesSi T BT 27 Et Ghors 5006 O S T GebUS L Br SERer T RGBS on

ink in the case of prlntlng a gradation pattern from white to
black with the color printer of the embodiment;

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

15 Figs. 29A and 29B show results of simulative computation
of the dot recording ratio with regard to each color ink in
the case of printing a gradation pattern from white to black

with the color printer using only the three color inks C, M,

and Y.
20
DESCRIPTION OF THE PREFERRED 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



B-2. Color. Conversion Process B-3. Process of Converting MNighgse 9hgsTONes
B-4. B:inarization by Error. Diffusion Method 5 B-5. Binarization %y
Systematic Dither. Method B-6. Interlace Process C. Results of Sinulations
Cl. Gadation Pattern fromRed to Black C 2. Gradati.on Pattern from
Magenta to Black 1.0 C-3. Gadation Pattern fromWite to Black C 4.

Application to Printer with Four. Color Inks _C5. Application to Printer
with Three Col ()éra'll‘nlé}srocﬁssst roLfc}t%‘{?Pé(e&tlﬂﬁngéﬁlPtAQ& General Structure 1.5
Fig. 1, is a blpaek diagamschemmticalby FLI ustrating the structure of a
printing systemincluding a print contr of Tér and a printing apparatus in
one enbodi nent BaGcoPdiodg sko oftheonpeesenty avesti op. 7&ids 2 is a. bl ock
diagramillustrating a software configuration of the printing system of
t he enbodi nent B-20 Bhaapizating bysEenei nkifflesien atemhd@er 80 connected to
a col or gri nt gr Zg_and;,a color_scanner. 21. The conputer 80 reads and
execut es predefarni AeAPLrEGEARE PB FURERNOHLC iR dwiMaitiash with the col or
printer. 20 and_ther a , as the printing systemas a whol e.
The col or scangeF'2{?9%g%$§§t29§5%§51(30| or original, that is, an object to
be printed, CntBeealles ofi BRge188ian&RG Which are in a processible form by
the conmputer 80 and input into the conputer 80. The conputer 80 carries
out required i¢%ehe PradessémgPaintefurither Rednter Blathe col or i nage data
ORG i nto inmage dj';ta FNL, which are in a printable 52 27 Cctober 2006 form
by the printerS 20 FfFHRR faltteanémos dagsaitat ép Bback

10 C-3. Gradation Pattern from White to Black

C-4. Application to Printer with Four Color Inks
C-5. Application to Printer with Three Color Inks

A. Structure of Apparatus

A-1. General Structure

15 Fig.1.isziblock:diagraﬂlschematically'illustrating‘the
structure of a printing system including a print controller
and a printing apparatus in one embodiment according to the
present invention. Fig. 2 is a block diagram illustrating a
softwareconfigurationcﬂftheprintingsystemcﬁftheembodiment.

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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The image data processible by the conputer. 80 include thOEFoCtEee%E&se”“ ng
i mges read by the color scanner 21. with or without subsequén
processing, as well as those representing imges 5 generated by a variety
of application progranms 91. on the conputer 80. The color printer 20

creates dots of various color inks on a sheet of printing paper based on
ocedure enables a resulting

the i (O ‘ , T [ f this.
o Pt TSR R g SRR PR T S

color inmage corre

conputer 80 twnhde iddtrd LR lhesRibAki B PARES 80, 80 dhael.udes
a CPU 81. that carrides out %r varsi éty of 9oper at?%%lg‘?elg%t’g%ud% ﬁklr\l?l%@, an
i nput i nt er f acerfhntE@moihpyds irekhardacke 8nlox SN EONbN Qlter of GREEHu86, a
disk controller (DDC) 87, and a serial. input-output interface (SIO 15
88, whi ch ar SYRAGAIEN PFRFEEEERIvi aSavpls B9 thoed |mewrasearigmas dinegesf
data. The ontrols_output of signals tq a color display CRT 23.
The DDC 8 C(?g%tn%(%a%e Aty ?rgﬁg‘heggi 8% '?"é’pa}r]ﬂ:aftrl(?ﬁ‘n FHAE € i Sk dRPve
25, a hard dicgkpu2br @00 FnERRAM gL Y et N0t ShoWY e rans
20 | oaded to thg RA§I83 and executgd byethe(%PU 81 g%§g§§£%§%%§§§c§?89
programs provindsdon m sheef arfrpefindenyoeaht vassdas:e thof £t iihaldaeaREM 82
and the hard_di sk 26. Connection of the SIO 88 wth a public tel ephone
networ k. PNTF¥fa almdehies edabhés pregedvee afmbdleame peeglamsgtoober

downl oaded tgmghg Cha;d di sk.. 25 %6 froma serer SV on an external network.
A supply of pOWer, “PH- ERROCGHPELE? . thRy STy dfMeger AetaoBRERRT nfr &% sthen

o1 oar ams 1 oyt hes sout 1o or The: Boer o g e m b3 27" ot ober 2006
The col or printer 2 oforihiisererdmdidEniddss 4 @@ @1 i4Hat carries out a
variety of operations, a ROM 82, a RAM 83, an input interface
84, an output interface 85, a CRT controller (CRTC) 86, a disk
controller (DDC) 87, and a serial input-output interface (SIO)
15 88, which are mutually connected via a bus 89 to allow
transmission of data. The CRTC 86 controls output of signals
to a color display CRT 23. The DDC 87 controls data
transmission to and from a flexible disk drive 25, a hard disk
26, and a CD-ROM drive (not shown). A variety of programs
20 loaded to the RAM 83 and executed by the CPU 81 and a variety
of programs provided in the form of device drivers are stored
in the ROM 82 and the hard disk 26. Connection of the SIO 88
with a public telephone network PNT via a modem 24 enables
required data and programs to be downloaded to the hard’disk
25 26 from a serer SV on an external network.
A supply of power to the computer 80 activates the
operating system stored in the ROM 82 and the hard disk 26 and

a variety of application programs 91 under the control of the

operating system.
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jet printer that forns dots of seven different col or inks, I cyan,
i ght cyan, nagenta, |ight nagenta, yellow, dark yellow, %i@agrggixﬁnks

on a sheet of printing paper and thereby 5 prints a color image. The ink
jet printer applied in this enbodi nent uses piezoelectric elenents PE to
eject ink as discussed later. The printer may, however, have a print head
that ejects ink by AMOtAL.! gehnllues lof G Im%’ofg}ﬁe ans 4 0f pubblgs
that are generated 1 n an i nk “condui t y a supply 0 ectr|C|ty to a
heat er di sposgslt iprithhed tika € aadtist dot 1 o€0d BFerP B AFEFEnArddIRIT by k6t Retat
principles, for exanple, .Laser printers and thermal, transfer, printers,
there is no fiar cyint ebidng eyarumpdenta helimtithtriaupniedi wallagpl idsatk on
of a large ity of Ink on the printing nediummy, however, 15 cause
probl ems. of ?xﬁ? ke aaﬂob Tokf < Frneheadie aaénafnsr%apeern%a.%

di scussedxbel ca I r r ef.ersrd ng
to Fig. 25 e corrputer %%P&é qlh}% tl?lksgjl IC tllglr?eﬁfogy%ﬁeﬁ flﬁ \}glrl?J
under the corgnrnﬂdmedtha;smﬁr@iéﬂgeléz&ﬁwt@mméhﬁ/s deo €61 ¥gect 99nancsa
printer driver 92 are incorporated in the operating system and imge data
out put fromdiEcusgsy ledeiron Pro@rdmter. maye lmuqudr t baviea aoligrt hgeadnt er
20 via the printer driver 92. The aﬁgllcationﬁggogran19l t hat rocesses an
i nput i mage, TGt &d&MHSe lnﬁbeeFBBE EatRENIHE 25 3T e Bteg e PaREARFr om
the color sc t p Iy 4teh d ver.
90. This enagﬁ2§hpﬁ§£gsng% %k§a$gxgg%%QQh%b§g§E}?£3x¥ha§g % %eggpgg whi |l e

checki ngiohe ordiegplcayediitiage annktheeERIidgosdien tfige appl | €atdwit program
91. issues a print 54 27 Cctober 2006 instruction, the printer driver. 92
of the conputer 80Inaepgiomprinters driven by other principles, for example,

laser printers and thermal transfer printers, there is no fear
of tearing or rumpling the printing medium. Application of
a large quantity of ink on the printing medium may, however,
15 cause problems of ink blot and peel-off. The technique of the
embodiment discussed below may thus be applicable to such color
printers.
Referring to Fig. 2, in the computer 80, all the
application programs 91 work under the control of the operating
20 system. A video driver 90 and a printer driver 92 are
incorporated in the operating system, and image data output
from each application program91 are output to the color printer
20 via the printer driver 92. The application program 91 that
processes an input image, for example, by retouch causes the
25 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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i mge data fromthe application program 91, and carries ou Ogredgéﬁinined
i mge processing to convert the .input: inmge data to ina Qkeh t hat
are printable by the printer 20. As 5 shown conceptually in Fig. 2, the

i mage processing carried out in the printer driver 92 is mainly classified
.into four nodules, that is, a resolution conversion nodule 93, a color
conversion nodule 94, a halftone nodul e 95, and an interlace nodul e 96.

The details &Psﬁﬁécﬁﬁﬁﬁb b?%dé@éﬁﬁ@'@ﬁ%??%d“bgf1&¥£@9@hUh@ﬂ@Mbr@Oemybb be

di scussed Iat%r The | géa rec |veg Hé t he rlnter driver 92 are
subj ected, tG EHE i ﬁaﬁe Pgb' ?iﬁﬁpgéf? FRBdPh§9 ?%eg}e§%%c??§€lﬁ%dﬂPEs and

are out put a?r'[eB@tEkR@heﬁ%@ﬁE@cegMnEJOLot BSnQQ{'Prth%ri%ﬁ{ o JQF col or

printer 20 of this enbod does not Carry out ro eSS|ng but

sinply 15 creat esadet daaacordi figat catdept ptblidrage dat @rEN'terAZUDdlié ed
application nay, however, cause the color printer 20 to carry out part of
the i mage® pr%@‘g%lwcﬁ@agﬁéﬁ&mi éal the ilmpgst preesssig serudedraitof t he

color printer. .20 in p ; g%F %ﬁgﬁ- %iF printer 20 has 20 a
nechanlsn1of1% ?@ﬁ%ﬁ% ﬁFVﬁE 23 Madad ?ﬁf%%%%&?F%S@QHfQQPﬁgﬁHenent
ink ejecti 0”1:1@5'9 dot a%%imo@rgﬁggﬁghémﬂdul@%é ng, ngofacgc;ﬂvae&esi%%
forward and backwar'd al ong an axi's o neans of a carri age
not or 30, a medhbaism of haneednagmadﬁb@e«js Ofard aft mgeﬁa@@é ddayLdress of a
sheet feed 25 motor 35, and a control circuit 60. The mechani sm of

reci procat i ngpe K teddsi a§etvo imhgagerdree sadng Gﬁrrhedpilm by &6ch imuciulges a
Sl'd'nglﬁhafttgf t hat sllgﬁp hol ds_the carria 40 arranged in parallel
with the axis" ten: pdPeeiadpdeh treF§liVF"f3rI3§7d e PR ipkeT
carriage motgri30. 43,3 §895§§§ed 5(53 ?tZleO%QBErp;?QQéssﬂ(é & A&t pyPanned

t her ebet ween, and a position”sensor
the respective modules and are output as the final image data

FNL to the color printer 20. The color printer 20 of this
embodiment does not carry out the image processing but simply
15 creates dots according to the input image data FNL. A modified
application may, however, cause the color printer 20 to carry

out part of the image processing.
Fig. 3 schematically illustrates the structure of the
color printer 20 in this embodiment. The color printer 20 has
20 a mechanism of driving a print head 41 mounted on a carriage
40 to implement ink ejection and dot creation, a mechanism of
moving the carriage 40 forward and backward along an axis of
a platen 36 by means of a carriage motor 30, a mechanism of
feeding a sheet of printing paper P by means of a sheet feed
25 motor 35, and a 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 tile platen 36, a pulley

32 that is linked with the carriage motor 30 via an endless
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that detects the position of the origin of the carriage 40 ﬁ’ Eﬁghanism
of feeding the printing paper P includes the platen 36, the OLREL eed
notor. 35 that rotates the platen 36, 5 a sheet-feed assist roller (not
shown) , and a gear train (not shown) that transmts the rotation of the
sheet feed nmotor 35 to the platen 36 and the sheet-feed assist roller. The

control circuit 60 transmts signals to and froma control panel; 59 of

t he printer To- Eh P cddeddab BRYEBnER T D HEe Bperad enBO S L0 tdrnsshedt f eed
head.41. The sheet

not or . or 30,..and t rint

printing papg?}&%‘a d%%ﬁ: % he B PpPPnPEr tB S0 ¢ hetd WEET e 6$aten
36 and the sheet frathisH Y fréédl%r %@fé 64 o n A %%%t & %B@qdkgn%g
according to a, rotational angle of’the pl at en nk cartridges 42

and 43 are detlaclkabBy, athachedtt febhanoaar BEaglﬁatﬂrQ"otlal’te@nEh@&r&ﬂ@. 3ghe ink
cartrldge 42 has only black (K) ink kept therein, whereas the ink
cartridged43 anghees- fé?ﬁla%$l%ﬁ>FQ%HﬁﬁéKéﬁt Sohor) | mis. atdeae thadine (vokor :

i nks, that i a ) .M enta | ow i nks | | 0 as
three additi& aﬁnx gPég:?$ﬁ&§h X ro??gﬁ¥ ‘Vgﬁh%y%ﬁeeFliﬁﬁ ﬁ#& n?%
(LM, and dark yel qwt@,%aIa&a@sthé%meetth%garasé\mem1£,Pe %@JeOf ﬂ{f@ier 20
has dark ink in addition to the standard ink wth regard to ye ?om/ and

| i ght ink incaddiatiitonot brahsmiss andamal ¢ o wirtdh fregakd cbateyanpandl negent a.
25 The conbi nati on of these inks may be changed. For exanple, the dark

yel | ow (DY) PAkEhehRTiRERT %@dﬁ“(E@LQQﬂ¢elY3ﬂ@n¢ﬁélﬁl@h? apgent Bors ME i nk

A I ST A R Nt AR S SN
ink 56 27 Chbefen 208fe Gy bEgRSiMildg PEpdh $CHS§ Y 11 dohBk pl AR
20 is held between the platgn 36 and the sheet-feed assist’
roller and fed by a predetermined length accordingio é
rotational angle of the platen 36. ' |

15 Ink cartridges 42 and 43 are detachabiy 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), light
magenta (LM), and dark yellow (DY) inks, kept therein. Namely
the color printer 20 has dark ink in addition to the standard
ink with regard to yellow, and light ink in addition to the
stan@ard 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 1ight magenta (LM) ink may be kept in one ink cartridge.
In another example, only the dark yellow (DY) ink may be kept

in a separate ink cartridge. The structures of these ink
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The i.nk cartridge 43 has a storage elenment 52 (see Fig. e%% in which
pi eces of information, for exanple, with regard to the refeaPsiphR;2006
guantities of the respective inks, are stored. 5 The storage el enment 52 has
an EEPROM The conputer. 80 wites and reads the data regarding the

remai ning quantities of inks into and fromthe storage elenent 52 via the
control circuit 60 of the color printer 20. The details of the process of
readi ng and weattngdghe Waln vsegaichusdden emiaiingaqueantities 1.0 of
inks will be discussed later. The print head 41. disposed on the | ower
portion of the carthad@kigahasifigk €3 dcts @nsh@a@lge MGH@’C ﬁ@ (age T4gy. 49,
50 that respectively c rres ond %o_t e K. C LC q% DY | gr

| nk supply co Huf?% ?ﬁS HERe G he Txgmpéﬁpé%¥§ g9 in

t he bottonlof ﬁﬁﬁ}? 4 I I
attached to t e carrlag auﬁM%E?é%%ggiF%%KFﬁgngéggeﬁﬁéghgpgﬁﬁ%fééa
cartridges 42rianaG b aajeeelsppti B2 Ha® bRAEEEPROME] e@hieOBohpatsr 480 thriaugh 50

via the corresponding ink supply conduits. The supply of ink fed to 20
each of the iand gje@dlsi bhe htids rwatfﬁﬂ@aghhgorqnsai@ji@@t adafkdhies el ginkist

head 41 to create dots on the grlntlng paper agcordl(g to the technlque
di scussed bel%ﬂﬁolgﬁf Eﬂmsﬁgﬁs Y?EFQ§H nié??uz%ﬁr%h?ﬁ qqﬁ¥ﬂ$’°ﬁFCHé d

41. Forty eight Jjoza]es, UG N GAEN gk alRe LRk naSogbegkLopsheads
44 through 5 correspon I'ng to:¥he respective colors. zzI'e has an

ink conduit Fbadd andweieehgtiid EatehemmrtiRk @fef@ék@@ﬂn.% thenknkiegndui t
51. As is known by those skilled in the art, the piezoelectric el enment PE

defornms iPs C¢rﬁ@&alwgﬂﬂu@ﬁudéSbysappllaaeron of a voltage and inplenents

57 27 Cctober 2006 _an extrenel %p speed conversjon of electrlcal ener gy
into The print hea isposed on the lower portion of the

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

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

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

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

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

respective inks kept in the ink cartridges 42 and 43 are

supplied to the ink ejection heads 44 through 50 wvia 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 elemeht PE deforms its

crystal structure by application of a voltage and implements
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mechani cal . energy. In this enbodi nent, when a preset voltage .is applied
bet ween el ectrodes on either end of the piezoelectric el evedttebePBOd6o. r, a
predeterm ned tine period, the 5 piezoelectric elenment PE is expanded for
the predetermned tinme period to deformone side wall of the ink conduit
51. as shown in Fig. 4B. The volune of the ink conduit 51 i's reduced
according to the expansion of the piezoelectric elenent A certain

quantity of QH<G§6F@@§&6nBFﬁB FBe? e??%%ﬁﬁﬁﬁQﬂwofsei%CEfé%? FE Bn PR
ticle Ip f t h Kk
particle Ip roc%nplg aqogze§8¥ 2 achmsggm? ggg%n Thg ok parddclg1kpggoaks

into the pri (5 Creat’es a dot on the

printing papers RpdiiiGs %M&Be%@h@@@%l bbe aéﬁangemeaha obfi nkhpet
nozzles Nz on the |nk ejection heads 44 through 50. In the 1.5 exanple of
Fig. 5A onl pithedleatkick}leménts PEepor ianptdde i emmigard tingeoefZ odvhé éas

the six different color inks, that is, cy an(iC), mag é (%%
light cyad ( PEpZOeilgiet T LeeRrkdmen § ERYLS aFRERGE f9§|t|h(5‘w)f?5$? ‘?Qﬁk’s‘} émﬁept
in the ink cartrldge Sfoﬁmco g%§|gg%ﬁf0@wﬁiugg% L¥n ﬁ%égq%;%r?ﬁﬁowﬁks 20

in one ink c&FEFCgECdest PRPISIT Eaicet the F equi fe

cartridges and, ﬁﬁ&%t&ﬁﬁJ,TﬁéaﬁglﬁﬁQUbEe@hEOHdﬁtdﬂﬂﬁﬁﬂﬂ of iéheednked
cartridges. In another exanple as shown in Fig. 5B, the DY ink nay be kept
with the LC aadokﬁhhgkaoinhehexpaneiémW©f(ﬂhdlﬁﬂﬁy@elbwtgﬂblBl@mﬁéﬁ PE
exanpl es, the DY ink may be kept 25 with the C and_Y inks or wt
K ink. As shéwgerhakngquspatiggveh h@iz%ﬂér%?&i@’lnfgr it M‘Fcﬁe?H‘é l?Bsbﬁctu ve

I d f
colon | 1KE g, Shenlefey 05 LOLTRG, Lt beooria . JAchs eyt eppent ve

i nk ejec hdzzI'e aryay Inhclu y eight
nozzles Nz apfanged ﬁ&@ﬂcﬁ@gp §§a]257 1@%@@3& p"’ioﬁﬁclaig papeesetsdtoaal engi t ch

k. The forty eight nozzles Nz included
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,
cyan (C), magenta (M), yellow (Y), light cyan (L.C), 1light
magenta (LM), and dark yellow (DY) inks, are kept in the ink
cartridge 43. Accommodation of a plurality of different inks
90 in one ink cartridge desirably reduces the required number of
ink cartridges and the total space required for attachment of
the ink cartridges. 1In anotheJ: example as shown in Fig. 5B,
the DY ink may be kept wi th 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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in each nozzle array may be arranged in alignnment, instead of .in zigzag.
The zi gzag arrangenment shown in Fig. 5A, however, has an Hd9HPREAGEOE hat
the nozzle array can be designed to have 5 a. small nozzle pitch k.
Referring to Fig. 5A, the ink ejection heads 44 through 50 of the
respective colors are shifted in position in the noving direction of the
carriage 40. Since the nozzles included in each ink ejection head are

arranged in zhgzag,  Lhe 10 nezal es, fre Ahseoshifiathi Roposkihon: hoithes

nmoving direction “o e carriage 40. The cont circurt 60 of the color

printer 20 dihvésch e dAspeckhyenankbeepeebingadhends dhnidntqughsiaator
suitabl e head drive timngs by taking into account the positional

di ff erences ofintdiegzazz| §he nighey coraawesfefoghngn 15 Rilke B4r riegevd0. and
driving the nozzles. Fg%ﬁQG illustrates the internal structure of the

control circl®f ¥bady IEoF Rt FHenPRFZ40. AT Y £8Rt PoIdHENGG t8drave

i ncl udes CP - ROM : 63, a PCinterface 64 that transmts
data to aﬁ% f%gﬁﬁ?ﬁg %gnpugg?%' , a peripheral 20 equi pnent input-. output

unit (PTO) 65 that pdfnsmins tdaragt A andef 1 oM & s ishnehehaeds otmroudd,

the carriage notor. 30, and other elenents, a tinmer 66, and a drive buffer
67. The data 50 egfr thagreseeceing nenprpiats tshest d ik ool tilen guanhia i es
of consunption of inks are read fromor witten into the stogage 25 el ement

52 i ncor por at®F 170 t AETPAkIERr O dige® 482FF428Re B0 BE2CThé 8r iRPFHHF er .
67 functions ‘I&ﬁ%ﬁ% %.ndggcﬁ%% %aggg% SeddakBes nglﬁlagew%' Qg%yggsﬂsﬂfé

t hr ough 50. These el ements are connecte a bus to all ow
transm sgipon f; Half.arel B8 s608hEBtegi 11f Wds iGA Uk hheke imsfUtdeSiiaRction
oscillator 70 that 59 27 Cctober 2006 outputs driving waveforns at
sel ected fremqfehbeesmanicdge 40. The control circuit 60 of the color printer
20 driveslthe respective ink ejection heads 44 through 50 at
suitable head drive timings by taking into account the
positional differences of the nozzles in the course of moving
15 the carriage 40 and driving the nozzles.
Fig. 6 illustrates the internal structure of the control
circuit 60 in the color printer 20. The control circuit 60
includes a CPU 61, a PROM 62, a RAM 63, a PC interface 64 that
transmits data to and from the computer 80, a peripheral
20 equipment input-output unit (PIO) 65 that transmits data to
and from the sheet feed motor 35, the carriage motor 30, and
other elements, a timer 66, and a drive buffer 67. The data
regarding the remaining quantities of inks or the quantities
of consumption of inks are read from or written into the storage
25 element 52 incorporated in the ink cartridge 43 via the PIO
65. The drive buffer 67 functions to supply dot on/off signals
to the ink ejection heads 44 through 50. These elements are
mutually connected via a bus 68 to allow transmission of data.

The control circuit 60 further includes an oscillator 70 that
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distributor. 69 that distributes the outputs fromthe osci H@tor 2&2 to the
ink ejection heads 44 through 50 at specified timngs. The?coRP?EPE rcuit
60 constructed as shown in Fig. 6 5 receives the inage data FNL out put
fromthe conputer 80 and tenporarily stores the dot on/off signals in the
RAM 63. The CPU 61, outputs the dot data to the drive buffer 67 at preset
ti mngs synchronously with the operations of the sheet feed notor 35 and
the carriage RBFBRES3EITMG MheV 6 f oWihgadestsidesed fechaansieof andeat i ng

dots | nse to the dof. onloff sjgnal tput f the CPU 61. to th
arive butfor Gvcetgabd P ngl ndeesbiR Rt G EroRGPAS iy Ot e

i nk ejection heads:yéd it O : . f ' . he i nk
ej ection heads 44 thr ough@‘g%@tlg&? gglgﬁglﬁgéklgﬁsg %Y?t%npt %ﬁ'?%géhélgﬁridr%e'
drive buffer. 67 wirtkks castitdie saude &0dcbhetdiisteibut 0sn&h as, tihigy Sigk.
The piezoelectric elements PE corresponding to the nozzles Nz included in
the nozzl & ar¥ese have it idaaa [dedeés Filgs patphvef yom ctine ectrant tte téfe and
respective ou'%erp}yt termnals of %ge ré ve 20 buffer_ 67 and the other

el ectrodes col TectiVery ConAest 685t e OFdt pheneEef mithdire BpMi4R The

di stributor &%y Bie oiipvicag f ULl ate 7 r.e t
fromthe distributor @tbgg@aghgﬁ%%%%?? ttl%lg @\ﬁ%kgtﬁég% %1%%?%&%%% he
dot on/off siignalgs efyncheonespaet iviehnerz! esetor tdes did uadbuhber §degonl y
25 the piezoelectric elements PE receiving the ON signal are driven in
response to tERBuSSundr ithiengawadaber metoThdlink particles Ip are thus

ej ected flbom the n%zlig\%\}correspondi‘ n to the piezoelectric el ements PE
that have recei ved t'he" ON CEHFhACSArdMeth REGHAR 5 PErcBTat Y dptectiBber

2006 The colQipPhisat €. +1RY &E%”dﬁ}d%@eSHEBQWQVEuESQ{iéE%ﬁ?HhEPch 61 to

the drive buffer 67. Fig. 7 illustrates connection of one

nozzle array in the ink ejection heads 44 through 50. The

nozzle array in each of the ink ejection heads 44 through 50

15 is included in a circuit, in which the drive buffer 67 works

as the source and the distributor 69 as the sink. The

piezoelectric elements PE corresponding to the nozzles Nz

included in the nozzle array have one electrodes respectively

connected to the respective output terminals of the drive

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‘f}onlthe 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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di scussed. above drives the carriage notor 30 to nove the %'Pét 42&? on
heads 44 through 50 of the respective colors relative CB?

paper P in the main scanning direction, and 5 drives the sheet feed m)tor
35 to shift the printing paper P in a sub-scanning direction. Under the
control. of the control. ~circuit 60, the print head 41, is driven at
adequate timngs while the main scans and sub-scans of the carriage 40 are
repeated. The color printer 20 accordingly prints a color. 10 inmage on the
printing paper P. And cSibuchuier&f JnkaGan grtﬁgenﬂcgﬂal%c%h%utﬂ%ion
appearance of the ink cartridge 43 attached to the color printer. 20 of
this enbodi nehtscussedrebvivenédipeevilvusiarridye mokozasdrtdgeovs thas ihke
total of 15 six different color inks, that is, cyan (C), light cyan (LC),
magenta (M, Q3eGHtoPapents 4(4Lt/51r09611|%10€v1)he ZREPEETR VTP IATS Q—”EYPtiLﬁl%s
kept therein Is pL us | di fferent .i.nks i.n_one_i.n
cartridge de&ofgg%mggt&égg ?%ggrr}!equﬂ?re rflﬁerscgfnnilﬁllg SaArErtdg8s Qﬁg the
total spabe ﬁeﬁueeedhaosﬁ@éttf&@mm@tt@f shkt Cald rﬂrq_gﬁ%.ngTB%p‘SQ‘kP
cartridge 43 has the storage el enment 52 including the EEPROM

vari ous pi ecé® afsubniseamtingndtrecistar ed Uasled ts]n:elsxaextrolladsertheThentrol
quantities of .the res ective color inks kept in the ink cartridge 43 are

det er mi ned aClEFlthg®Po the RxpREthapd A difaiiivess agf agsguatet hemings
esper Ve Sl Sk, 80,03 LA SR L0 Lo el s e,

quantity of t I nk 1S sét reat

quantity of tbpeat&iinkris S&loWrSdhitfert AN L Aaniy Yoo the, Q:dﬂ%% The
guantity of the LMink is set gre%fﬂter t han t he quantlt%/ypof I}the 61 27

Cct ober HD0O6imneg@kon Thee gpr Bmigeremapedf Betting the quantities of inks kept

A-2, Structure of Ink Cartridge

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

15 six different color 1nks, that is, cyan (C), light cyan (LC),
magenta (M), light magenta (LM), yellow (Y), and dark yellow -
(DY) inks, kept therein. \Accommodation of a plurality of
different inks in one ink cartridge desirably reduces the
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 quantities 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 guantity 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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in one ink cartridge according to the expected quantities of use of the
respective inks enables all the color inks to be wused up 2 OLenss £t i al | y
the sane tinme. Nanely this 5 arrangenent reduces the waste of ink. 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 enbodinent. The consuned quantities of the
respective colloX0 TARs2BFEYIRGE Ofosebirbn @sthengudyt at vas iodt ynkk iseit i ngs
in the col oriIE)roi nt eirnk20 a?t dﬁscri bed Later. The expected quantities of
use of the respecti vé cSPOrTHARS BanCT hitheViét thseckBaghery Taprl Fied a4

such obser vedyyal qiesind stk 25HANS e EARLEONPYNEL, quantl Ligs. of, the 15
respective color inks withregard to typical, nine Inmages i nctudi r?g
| andscapes andsqubr tapai &s. $ubsbengraphs aheFi §8me YA Nd 9Biaddig, capswred
gquantity qof each color ink is showmm as a relative value to a predeterm ned

r ef erence5valq}§§a®e@!en@ge§ﬂ§w§ ttihe oasdened dukntities of the respective
col or inks 20 when_an N. image is_printed out of high definition

|
color digital stafdd’d %ﬁ:%%ngd%f &5 86PBRs- ST TS anvigs qderitaitiesn
col o di it alo St ARARLIRAG h8n AL ADPLLEG L T sécﬁgéﬁ%gec%aggﬁge

data, so that the input I'nmage data are <convertet to
out put to theosetantper,i {ef p2bn2daf @ tAr itk PtQ)loTJ‘e?EE!ﬁi’:@f ?fo_ dc%t tedeline
n

in both Figs. 9A and 9B represent the observed quantities of i

consunpt i on ®MPRdinengel dfhe mransered hatndoesenodf ude treepBP¥tink bolodses
only six dnksh C,LC M IM Y, and K Since the natural. inmages generally
62 27 October™5BG8 e WATdes Fargdng exterdnbBe waaiaivt oh st timgsgisatier

quantities oo10r printer 20 as described later. The expected quantities
of use of the respective color inks can, however, be roughly

specified by such observed wvalues.
Fig. 9A shows the mean consumed quantities of the
15 respective color inks with regard to typical nine images
including landscapes and portraits. In the graphs of Figs.
9A and 9B, the consumed guantity of each color ink is shown
as a relative value to a predetermined reference value. Fig.
9B shows the consumed quantities of the respective color inks
20  when an N1 sample image is printed out of high definition color
digital standard image data (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 prin%ing.

The curves of dotted line 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,

¢, LC, M, LM, Y, and K. Since the natural images generally
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of the lighter inks, that is, the LC, LM and Y inks, are used to print
the natural. images. The DY ink has a color, that is sini47d?ci6" 2% xture
of the Y, LC, and LMinks as described 5 later. The sim |l ar imges can thus
be printed by creating dots of the DY ink, instead of creating dots of the
Y ink, the LC ink, and the LMink. The curves of solid |line in both Figs.
9A and 9B represent: the observed quantities of ink consunption when the
DY ink as wel PaV§s2 thifF 5t AERCTLARE af aadded tonpsi mhea@rantemagean Thelesati o
of repl acenent .of e dat s t he LC .dot: ~and _the LMdots with the DY
dots may be vé?ig‘a%é ralcl' Z)ﬁrttﬁrné'n%(g’ het cltfrrpggfatli’cg'n%@f' fRE DYk ahg $9Ra
usage of the DY goist aghe disGussed Qs THE FPugl Eu%@dsgiéh&fr JPr

understood, fromthe nmeasurenent results shown in Figs. and . I5 As
cl early understmbtiaf rom d heineasurehenie vesnlt Sanfi LI 95ks M aubcBBeahen
a natural, inmage is printed using the DY dots, the consunption of the DY
i nk tends %t o LY eatlde sERARAT dfRIesf cahahysiikpréasetty cuevbénafdodsl i d

line in Figs. 9A . .As.menti oned previausly, ar ge. number of th

Vot 207ttt 3ok - R TRR HEE NG B orn thel B nah o |

.i mage wit houtnwisiig tdhe DY daks (mee cltdi%e%lllb%ego?iddﬂﬁ&diﬂ ib%et# %gggi gs.
e

9A and 9B). The use of the DY ink enables a large portion of t ots,

the LC dots, ¥ndntiheB rdpdetsenttotibe obseplvadeqid et i 1ds birei XY cdaksmpkRohhe
measurenment results of 25 Figs. 9A and 9B, the consunption of the DY ink is
appr oxi mat el Whedodbice Dithé norsunpi Loas othe hether ninksAsirien usked tasprihthout
the DY degs, ainnitgeecasﬁlvw th.t hef ‘ DYldots, the consunption of the LC ink
tends to be §reatercthanc tR&TCTH: CREIECPRRIAMF the EoedsmttenDfiotRe LM
ink tends toan@3+Ré 971{ gB%E #9008 PR WL s tn@%n bteh%%lrgfedt Q@cM:!ﬂ'gg to

Formati on of the DY do
the composition of the DY ink and the usage of the DY dots as

discussed later. The rough tendency is, however, understood
from the measurement results shown in Figs. 9A and 9B.

15 As clearly understood from the measurement results of
Figs. 9A and 9B, when a natural image is printed using the DY
dots, the consumption of the DY ink tends to be greater than
that of the Y ink (see the curves of solid line in Figs. 9A
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 fo be greater than

that of the C ink and the consumption of the LM ink tends to
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enabl es reduction of the nunber of the LC dots and the LM apd. .t her eby
ensures a certain margin for the restriction of ink duty.éj]o‘rééo%rg(gqss and
the Mdots are accordingly replaced 5 with the nore inconspi cuous LC dots
and the LM dots. This results in reducing the nunber of the C dots and the
M dots, while not significantly varying the total nunber of the LC dots
and the LMdots. In the case with the DY dots, the consunption of the LC
ink is thus gbeaseeatdantiidre WwatswEpthenMoink he FGrinat iidik orafdet Be dots
consunption of the LMink is greater than the consunption of the Mink. As
shown in Fig. ®B2P4#2 F5fucdddy pdgehaawgeghef eibpdicnéats drad theghBaters
capacity of t Y, | han that of the.Y ink, a_greater capacity of the
LC i nk than t a?Dtol?é‘{]#e;} far}sn < aid “E s 4 g Pearer Egﬁa*&]i‘?yr%ﬁft"f”rfét{% i9fk
than that of fjwe Mdywk. Thanelyn+ quanty td [ 10 the
cartridge 43 subs tygnt cial .l .ytécgf%rdegggn% dtoce)csst %%eoﬁéé?%ggﬁ%%}gr#%ﬁa&%%of
consunpti 6n ofithethespect | ecaodmicdadks mhavwstd nafd Oshe 3 atvk s 9BThERI S
effectively prevents the waste of inks kept in the 20 ink cartridge. As
descri bed pr WABUSIS 10 Fedeingl bheprumpear o) tée Chéotendodittent| dofie.K
ink, is kept i.h-the ink cartridge 42, whereas . the six_ color inks qther
than the K i r&ﬁélreegﬁlgp%lq%nlﬁlﬁzg ni%ﬁﬁ’ VALFPY 33@ YatapumpsrRh Ao 8P tEhe
col or inks kepta tRetiie ad® sl Nky € amtr i 1iSon PRUEHE ot,.,re i . this
enbodi ment, but may be gny olnlgaccli)l;e %%%gg}ol?%i Egti ongogﬁév\%ﬁ? %E’EF%FS“.SQ%%R

t hrough 8F. dfnthleeLexanpl s ohufi gsea & tiHOUahSorddmpitionage ehenent

52 is o ted fromthe illustration. This does not nean that only the ink
cartri dge” 43 1&Kowdlidn thieg cogAumRE ipheost hagbM 64k27sOgrebter20B&n thenent

52 but the othgr gk ;6arLE gRes,dp,pot have the storage

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

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

20 ink cartridge.

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

25 ink 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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el ement 52. In the case where only the DY ink alone is kept, in. an__ink
cartridge as shown in Fig. 8B, there is no necessity of 5 /re&PEEFHE t he
ink cartridge until the DY ink is conpletely used up. This arrangenent
perfectly prevents any waste of the DY ink. Since the consunption of the
DY ink is greater than the consunption of the Y ink, it is preferable to
set the capacity of the DY ink greater than the capacity of the Y ink.
This . 1.0 preedansnthe bnequenbthepl avement rotigbhard Aktaa¢d idgesofrihe DY
ink. The ink cartridge with the only DY ink alone kept thereinis
attachabl e t o+ #BeRbI®#- printer having a nonochromatic ink cartridge, for

exanpl e, an ink carfnri ( eJaoSr | ack :ﬁlk Usi ng a special printer driver
for the DY ink 15 avail2blE A SNETS Rih thfePF nknk a7+ ¢7RIgES dfeRthel™wn nk,

enabl es creatnpreofcttNg DL dorspven Bt he coJﬁQé pry inter that .has heen
desi gned without any consi deration of tﬁg'DYBi’n OO et i on neocfesﬁﬂngD\?fdots
enabl es aR i megelading ghepiot vretguabbtuntio bre OV Lik o cbesausE1 Phiskhe
reasons discussed later. 20 In another exanple shown in Fig. 8C, the three
color inks, 4By, [BlSARCEMFPARRT RewRfd@ply ipregrationkngavisteget hhleeb¥as
the other .fayp coker _in C ﬁ_{g Y,, .and K may he kept together in another
. . ink, : ' 't i Nk 3 : PR .
ink cartridge or on?{}c?h%ég?( SHE HWEFHE Ry B}ég@[ptmkl hS s HeR T ithercakeri dge
separatel y fcomstiplth oANok Nl knigd (GARLI) A9 Oy (18 Go Mip BN Y LHKS. The
arrangement of keeping the three color i n!{)(s ) Jl_ecf%‘oa%%mlf 9 HRE2SHhY ch
are used in offathe QWamhktjesaterpthat s Wsdbaci RAES 3% SNQWR i npEigs. 9A
and 9B, % gether in one ink cartridge separately fromthe other color inks
ref er abty pPEGERRESt Hee igqaiesft raplarempnnd Yhe65nR taidtmiiefe 3806he i Nks
\R/h I E Dy, . LC d,LMink d b inti
en on t s e, I Nn e used u rrnting.
y BY 1hk. 7 The J_Ill_k car r.:ﬁgge with the yonpl.y DY 'jgnk alone kept
therein 1is attachable +to the color printer having a
monochromatic ink cartridge, for example, an ink cartridge for
black ink. Using a special printer driver for the DY ink
16 available alone or with the ink cartridge of the DY ink enables
creation of the DY dots even in the color printer that has been
designed without any considéra‘tion of the DY ink. Creation
of the DY dots enables an image of high picture quality to be
brinted, because of the reasons discussed later.
20 In another example shown in Fig. 8C, the three color inks,
DY, LC, and LM inks, are kept in one ink cartridge, whereas
the other four color inks C, M, Y, and 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 Y 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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a large nunber of natural. images. The arrangenent: of keegcs(% g‘ﬁ’ K ink
alone in one ink cartridge separately fromthe C, M and e 41%8,
preferably prevents the waste of the CC M 5 and Y inks when only the bl ack
ink is used up by printing a |arge nunber of black and white inmages, such
as documents. As shown in the exanples of Figs. 8D through 8F, the DY ink
may be kept together with one or a plurality of other inks in one ink
cartridge. Thiz<arteigenent tedit.ably @addd! thiss e tistedl uppac @ rieddinged

for the ink cartrldges speci al rinter driver exclusively designed for
the DY ink naa}aﬁé’ PPQBﬁEa‘PﬁeSaiW neMERes i n@%PFFPH%@@ePE&%&eﬁgmﬁhe DY

i nk as shown rqug F. Fo %g!gq {-

plurality of ﬂ(ﬂ%‘ fldegzlrﬁ %%\({)tﬁ%n%s{ Bp elgfe%?]gfmé?ent t’Euel(r}’el ver attached to
the ink cartnidgad ¥ uses Coyg @&p@adaagytpret—étet@\menkvasﬁé expligid,| y,shown
in Fig. 8A, the storage elenent 52 for storing data, for exanple, Wit h
regard t 05t heangu antiinkise yhepf Oééﬁsﬁhptbbﬂcloflmmgsr esyset tupy dycolcéntinksai s

nmount ed on t\t}ne 20 Sld fac % g k cartrldge 43. As descri bed
previ ously atlt?eFlné]m 6T Che PLGCEr 2B KREFS 2B2FaH. r 3K £ WTHH Srar i et y

of data. from and hetghttgls .ﬁ%@ggx%gﬂsgtoP%lgzhesﬁotztm aEb“tﬁg' ¥y

descri bes the functions e storag enent nount ed on 't he

cartridge 43.inZ5mk¥y®e ke@ti Bogatkest arigedonbeyt id bustaat tpopt ben&@t.ﬁﬁ@
el ement 52 nounted on the side face of the ink cartridge 43. The storage
el ement 52 haél QHQI dpkl Peytotdgennditisomrrangenghs d68irdahdyi skvearthe dge

43 i s ati‘éﬁ the carriage 40 _of the color printer 20. The inner face
of the carri ﬁéa 0SPASE TBEUS7etobetRoobE i@t Fifi9%ct contact with the

ink cartridge 43 hﬁssﬁ%é&éieﬂffﬁ%er 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 example, when
there are a plurality of different DY inks, the special printer
15 driver attached to the ink cartridge is used corresponding to
the DY ink.

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

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

25 Fig. 10 is an 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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of connectors (not shown) that are connected with the connection termnals
53 of the storage el ement 52. Wien the ink 'cartridge 43 37OueeagiPed to
the carriage 40 of the color 5 printer 20, the plurality of connection
termnals 53 are electrically connected with the plurality of connectors
on the carriage 40 to allow the data transm ssion between the col or
p.r.i.nter. 2Q and the storage elenent 52. Fig. 11 shows the data structure
of the EEPROM™°10"i ?%Fé?flgecrcnww% tdrepi aecattenehte 82. hihe puaBLAk Syi N
the Ileft col i 1.1., denote the addresses in the storage el enent
52 seen from P%g %fé gégﬁ?%%t e(rnO%O, Sﬁﬂ‘anfhe“}%fgmaremW%ﬁe@ glth 1thghows
the contents obnhbettiBhor8Bhiom & e gspective resSsSes.
The storage el ement 52 includes 1.%51'4 ?ﬁ??gs??gg%gga%%@erneta SéGOaﬁﬁanaﬂé%cond
storage area 6BB.caherided of3 pii atencB@denabties hath 428 sheadi Pge 309 o

witing %oerations of data fromand into the first storage area 660,
a

wher eas erfabl PR bnty 2Phe theadiing adddivat 9Hncohndat sofir aertheal se6anctire
20 the respective

storage area 5p0.;. the r i_nj uantities of.
color. inks are cs%%ée%lil)ﬂ Ctoﬁge %ggtw t‘tr}grtgﬁéﬂd’r’@améﬁef FYTHEC t@atsaor e ar e
not required dcqpdatdqW 0% of LEIHENULY ad ;8xamml e, the data on the
year, month, and date of manufacture o@%ﬁgklghl%ggg%r?%@‘@?e%&iestc&lé’ﬂ in
the second Stmdge @&eamBbEheTle offast e3kpragesarea 660 |Is allocated to 25
a region of |ower addresses than those to the second storage area 650. The
al location of the fit¥st $fordyevar dhes6datahi shrudatae arer f meguertbgomead

from andy i ten i %117a(t§%dt 9% LE ion of the |ower addresses ensures the
qui ck data reagl ng and Wl t{}h% DS &+§mﬁ'§’_tt Ré- sethremungiradscéssthahi s

E{Elragg%ﬂe?g:ltt%gfgi%g%gﬁgk 2086 1enabhgs.aPRLI 585190 9L an e BEORASs

element 52 seen from the color printer 20, and the right column

of Fig. 11 shows the contents of the information registered

at the respective addresses. The storage element 52 includes

15 a first storage area 660 and a second storage area 650. The

color printer 20 enables both the reading and writing

operations of data from and into the first storage area 660,

whereas enabling only the reading operation of data from the

second storage area 650. Data on the remaining quantities of

20 the respective color inks are stored in the first storage area

660. Other data that are not required updating nor frequently

read, for example, the data on the year, month, and date of

manufacture of the ink cartridge, are stored in the second

storage area 650. The first storage area 660 is allocated to

25 a region of lower addresses than those to the second storage

area 650. The allocation of the first storage area 660, which

data are frequently read from and written in, to the region

of the lower addresses ensures the quick data reading and

writing operations by the sequential access. This arrangement
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i.nk cartridges. As shown in Fig. 11, the data on the remaining quantities
of the CC M Y, LC, LM and DY inks are stored in the firs%70‘537§’f%90§ge area
660. The remai ning quantities of -the respective color, inks are registered
in a duplicated manner. The duplicate storage functions as the back-up
when the data are destroyed, for exanple, by an accidental, power
breakdown in the course of witing data. The remaining quantities of inks
1.0 are store : r I I he inks kept in the ink cartridge. In
the case Mergn\éﬁ}lestaﬁgﬁ&% (r?IIkO%l <'Lsf égp]tnelxﬁ)efﬁelgie THM Fragée e‘FQﬁmg&%%ﬁ)l e,
in the first storage

only the remainkngaguanigéy. of the DY ink is stored
area 660. The second storage area 650 stores the data on the tinme 15 (year

and nonth) of unsead$ s§awhein Aigcaltr ittdgejatdenvaisirenaidata Afarddie ik
cartridge, the_data on the type of ink, for exanple, pignents or dyes, the
data on the y®hr*2fnt - ahvd Ladd! oRRAaRYf ekerarefstomeed nkn ddrd riidge:, t he
data on t i | Lpg, the serial . nunber data of the ink cartridge,
20 and thtesedafgg s ovma('r%'lgéav\hgher & “TPRARPERP  F Y e 8l bre Tesopatdde The
conputer. 80 ¢emsds thesdata fregs5herssonage, ehﬁgﬁ%at@ﬁ Yo P Sdet gy ned
timngs, for exanple, at the tinme of power supply to the color printer 20,
and writes tHiRGHcR e sttheags Fenathimg quatici bhek-0h When rHasPeGiiav g rknks
into the stor _elenent 52 at predetermned timngs, for. exanple, at the
time of conﬁﬁ%ﬁeﬁr@ﬁ ek tRE 6?‘??}?5% bypetmtaahidontal towelr eeekdpenetn cut
to the col or gl 0 hi.s..arrangene enables the printer driver 92 to
accurately oﬁ?léai %B;&%ggt%fpewy&%l%ﬁkg%u?re BB IO G L Yigs 0fudeles and

t he renal@in@r@hﬂﬁﬂéﬂw@ih@%@%ﬂd%baIﬁ%Hgﬁﬂ&sREHyfﬂtheinkcartridge.

In the case where only the DY ink is kept in the ink cartridge,

for example, only the remaining quantity of the DY ink is stored
in the first storage area 660.
The second storage area 650 stores the data on the time
15 (year and month) of unsealing the ink cartridge, the version
data of the ink cartridge, the data on the type of ink, for
example, pigments or dyes, the data on the year, month, and
date of manufacture of the ink cartridge, the data on the
production line, the serial number data of the ink cartridge,
20  and the data showing whether the ink cartridge is new or
recycled.
The computer 80 reads the data from the storage element
52 at predetermined timings, for example, at the time of power
supply to the color printer 20, and writes the data on the
25 remaining quantities of the respective inks into the storage
glement 5? 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

printerdriver92'haaccuratelyobtainthetype(NSinkcurrently
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20 of the enbodi nent thus enabl es appropriate printing operations and
effectively prevents ink frombeing used up in the course2’dPctee2996i nt i ng
operation. 5 A-3. Dark Yellow Ink Fig. 12 shows an exanple of ink
conpositions used in the color printer. 20 of the enbodi nent. Each col or
ink I's a mxed solution obtained by addi ng adequate quantities of each
color dye and diethylene glycol for the adjustnent of the viscosity 10 to

an aqueous SQJdud 9AGGeSUEhENRL ng Theirdark yeldaew imk. uged céTot birdnter
enbodi ment i s prepared by adding substantially equivalent quantities of
Direct Blue 199, ofhiiie i smblbdidpgetof thuhe ecpdi eisnkapprP Wt REFLREIR9nhi ch
is the dye of the magenta_ink, to Direct Yellow 86, which is the dye_ of
the yel | ow | SIRSTESIPRE EBAPYSESS o OFY PREVERTR YRF TR hﬁlf}g,u%%ﬁél\ﬁlerm not

restricted tq.this examle. .Th k _ye w.knk may contain the varying
ratio or qua(r}ﬁhiet i8S ST _Bifreéce 'ggrt%é ghgwilgggn'Red 289 or may be prepared

by addi ngsa §QE%;{%££EygélﬁQ@Llﬁgod Black 2, which is the dye of the bl ack
ink, to Direct Yellow 20 86. The dark yellow ink may al so have a |ess
content of Direct FYgl| o3vs86usyandeianply oft brk qeapoistitdensfuserd déx tBPue
1.99 and Acid Red 289 or by adding a greater quantity of .Fpod Black 2.
The dye of tl§elp&l PEREBRPIhEHt ﬂa%eealbrog’rlﬂt%ét -daFﬂC];}éﬁylé%ﬁ Fﬂg 1-%&'3/% ’e‘eg

oo e, oGk o SFFER -4 ATHAATSS GAeRd BctbstRpie sown pbaele,
place of. D gt Y8l A8 etig@Rcolisréhecnelligwstdyentusesl ther vibeogetyow
ink. As clearl'y understood fromthe above explanation, the dark yellow ink
may havel® he tbohh caduepefdalivtion béstdrbinehe Toe @Friostediearw 20H6USaBi ity
of reproducing colors in the color printer. The dark . e
in this embodiment is prepared by adding substantially
equivalent gquantities of Direct Blue 199, which is the dye of
the cyan ink, and Acid Red 289, which is the dye of the magenta
ink, to Direct Yellow 86, which is the 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 gquantities 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 quantities of Direct Blue 199 and
Acid Red 289 or by adding a greater quantity of Food Black 2.
The dye of the yellow component used for the dark yellow ink
may be identical with or different from the dye used for the
25 vyellow 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 ipk.

As clearly understood from the above explanation, the

dark yellow ink may have the following definition based on the
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yellow ink has a | ower lightness than that of the yellowi_.nk. Dots of the
dark yellow ink can not express achromatic gray color al cAe°956t2Q%n
represent the achromatic color, in 5 conbination with dots of the cyan ink
and dots of the magenta ink. In this enbodiment, the viscosity of each
color ink is adjusted to be approximately 3 nPas. The sane control.
procedure can thus be applied for the piezoelectric elenents PE allocated

to any ink. 1‘?5”|§|lgtsy Of4£gPﬁ?‘8‘&'@ﬁnﬁéFE’]é>rré gRaphe cCoidepritatpy - sHow dgrkt he
variations i f (Y i.nst -the.wavel ength.of light w.th regard to
the color i nkri]serlﬁglggglmﬁ %%igsggl?%%gl %ﬁﬁt%ﬁ%fé}aﬁ?& FoOFi V)R Yel4R™Y ﬁ'?‘gugh
14C, the cyamdt§) ofnkhecharactenishi ek | YaRhsor RSdrdght dnhgtwavek-ayat h
region of 15 600 nmto 700 nm the nagenta (NI) ink characteristically
absorbs |i gleoliog thkomeyelbarigt bam egiepmresen500tnem tiohGBfaniy and drhein

yel | ow (Y%] ink characteristically absorbs light in the wavel ength region
of . 400 nth t GOBESTAN-CRNEL bR dpHSS OF ERgsCYam Brngniato tomiepheanrigestaw t he

20 variations. in reflectivi inst the wavel ength.of light with regard
to different §'(rjﬂz;'r'k %I'ﬁglvé (eﬂ%é)ﬁ%kanm#‘e n “%ﬁ%{l th eaﬁhg.%oéﬁﬁ tBFr&¥ponds
to the DY inkahaxied the 6OMROT:ARASRIYN 31 Apkid: Lonoand B2 hicsfiomn
in Fig. 14E co?respOnds to thg)% DY i r?k p\?gp:aarxgggbsy adgpﬁg% (I)n(gd CI::3+ ac'giz1 to
Di rect Yel | orrggedese Stawc g hivse bBYapi h&d coort dihes pipabklquanitteremaitd he

dyes of the _cyan ink and the magenta ink.in addition to the dye of the
yel low ink YEe@ EPE2ta9)to 3Ry D¥Xi nk mainly absorbs the ray of the

ey oo 9, B Lo LRl pbeate! LAl B0, 55y ALY,
charact eri stie @lrtibeieyanin Meraed tihe t JagRitd fKe WAfMIGth of 1ight
with regard to the color inks used in this embodiment.
Referring to Figs. 14A through 14C, the cyan (C) dink
characteristically absorbs light in the wavelength region of
15 600 nmto 700 nm, the magenta (M) ink characteristically absorbs
light in the wavelength region of 500 nm to 600 nm, and the
yellow (Y) 4ink characteristically absorbs 1light in the
wavelength region of 400 nm to 500 nm.
The graphs of Figs. 14D and 14E conceptually show the
20 variations inreflectivityagainst the wavelength of light with
regard to different dark yellow (DY) inks. DY1l ink shown in
Fig. 14D corresponds to the DY ink having the composition shown
in Fig. 12, and DY2 ink shown in Fig. 14E corresponds to the
DY ink prepared by adding Food Black 2 to Direct Yellow 86.
25 Since the DY1 ink contains small quantities of the dyes of the
cyan ink and the magenta ink in addition to the dye of the yellow
ink (see Fig. 12), the DYl ink mainly absorbs the ray of the
wavelength region characteristic of the yeliow ink and also

slightly absorbs the rays of the wavelength regions
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the quantities of addition of Direct Blue 199 and Acid Red,283,nfhsjages the
absorption the rays of the wavel ength regions characteristics of the cyan
ink and the magenta ink. Since 5 the DY2 ink contains a snmall quantity of
the dye of the black ink in addition to the dye of the yellow ink, the DY2
ink mainly absorbs the ray of the wavel ength region characteristics of

the yellow ink and al so increases absorption over the wavelength region of
500 nmto 70@11%0%1?3,/%?@0 tChfe H@aftriylnd &Fd dd@ MRreRNER Fobd BlaEtk i

changes the absor t| Jant vel engt 0 nmto.7 The
graphs of Fi@‘ PA% ef4% e%‘( %%ejrooﬂ 89 Qjered% %@P&éggﬁ?fﬁ& CI?%‘?@?U cs
of light. a@ﬁ&ﬁé@éOph@95$§39p£b§nn%he Laksapg- thhe QY2 1iRlkenThe Ackhual

difference in characteristics of |ight abSorption between the 15°DY1l ink
and t he DY2 chkrdstawmisisic<|earthas cyhat inkl aatir ahednagenita e, c@ipak son

between the reflectivity of the DYl ink or the DY2 ink and the
reflecti¥it ythe D¥Re inki ARNEADN 3 FTRLd. quaRtl by e [Waes Apasof Hadie PAack

reflectivity, of .the i n t.he 2 nthevvaelength
egi on of viEbiE agheron s e T8 & sRESet MomdniyiSiaranf RetRiS £hb
have | over Jddanifiess,d Bag biatnelvihednd Ak redioFRangedi 4hanast gxi stics
of light absorption with a variation in quantities of dyes added to
t he dye of tte ygklowrcononemd hass@ermmmasfefsechssoﬁﬁtm diseussedel at er .

Fig. 13 is a graph showing the curves of lightness with regard to the
respective Wieleagthyremaosodposiq ithdosA8RNNM; n Egying ZheTHgagsity

00T dlNG, 3 SR A DS SRR T LIS RO O g dih s A adeK
For exanpl eyt he «deknr €95 G4 NG E8bi ©n to 700 nm. The graphs of Fig. 14D
and 14E exaggerate the difference in characteristics of light
absorption between the DYl ink and the DY2 ink. The actual
difference in characteristics of light absorption between the
15 DY1 ink and the DY2 ink is not so clear as that illustrated
here.

The comparison between the reflectivity of the DYl ink
or the DY2 ink and the reflectivity of the Y ink shown in Fig.
14C clearly shows that the reflectivity of the DYl ink or the

20 DY2 ink is lowered in the wavelength region of visible rays.
This means that both the DYl ink and the 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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of 100% represents the state in which dots are formed in adgcodch8oddi Xel s.
The dot recording ratio of 50% represents the state in which dots are
formed in half the pixels. The dot recording 5 ratio of 0% represents the
state in which no dots are forned in any pixels. The dot recording ratio
is explained in detail later. The lightness plotted as ordinate in the
graph of Fig. 13 represents the brightness of. the image relative to the
background cebos rofrmkhedar init rgepapeFor Brempilghtties§odfreto@imng. @ tio
represents the background col or of the printing paper. The brightness of
the i mage deef ebd®s npineserdsctbasetahe| jyitHeds AotangTrpnkoFRRd tie all

| i ghtness of 1.00% at the dqt, recording ratio f, 0% _The i

decr eases wi tHe BA*Pnhérea egﬁtd'ﬁoetcorr @@?ﬁ‘?‘?‘fgo rogtsl%o",r?%lé?s?nsi%g %ﬂ%%%ééﬁmti on
of more dot Sin gwglrigﬂr@@{é SR B5rhb& iR hgDE nessp bel veen dheab MBeRs rati ng

fixed, dot ing ratio shows the difference in |ightness between the

respecti we ced®fo idkkK9s Thereestkbstivé d¢trwetardaswhepbnhoshown dne Eogmed3 show
that the DY ink having the conposition shown in Fig. 12 20 (caorresponding
to the DYl iikagiyombxehs Fi Fheldpf Fecartitet rehaf 'Jt%éxi’l?ﬁfé?dt%éd@éaﬁﬁk, and

e Lk Bukar ST 1S LD il sl S DSk T D
14E. Fig. 154s, 19&3%&59 Vi NG P8 ndSs ObserNed: guEuerel at eb eebi they
agai nst the wavel'ength of light with regard to DY ink prepared according to
a di fferent pquig@ilecbLomdhane of itthimdd¥ipernk T ltilbbtD¥8siak 1003
(hereinafter referred to as the DY3 ink). For the purpose of reference,
the curv® ofremsfdssattisvithe kieckaregaddcpdor hef Dvie ipkinking fper> 2¥hect ober
2006 plott ebdrlb 't}nr1eefssdg% tt%cejs irglangeé dé(s:rggg\ég v;inchtg %e%rrae%geoin Ei:l.ght:PEQSS .

Any ink has the lightness of 100% at the dot recording ratio

of 0%. The lightness decreases with an increase in dot

recording ratio, that is, with formation of more dots.

15 Comparison of the brightness between the images at a fixed dot
recording ratio shows the difference in lightness between the
respective color inks.

The results of the measurement shown in Fig. 13 show that
the DY ink having the composition shown in Fig. 12

20 (corresponding to the DY1 ink shown rin Fig. 14D) is darker than
the Y ink, the LC ink, and the LM ink but brighter than the
C ink, the M ink and the X 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

95 observed curve of reflectivity against the wavelength of light
with regard to DY ink prepared according to a different
principle from those of the DY1 ink and the DY2 ink (hereinafter

referred to as the DY3 ink). For the purpose of reference,

the curve of reflectivity with regard to the DY1 ink is also
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like the reflectivity of DY.l. ink, the reflectivity of the DY3 bis has a
characteristic area of small. reflectivity (that is, the area
characteristically absorbing light:) In the wavel ength 5 region of 400 nm
to 500 nm This is characteristic of the yellow ink. The reflectivity of
the DY3 ink rises in a wavelength region of |onger than about 650 nm It

is known that the sensitivity of human eye to the color is abruptl

lowered in tiHe t@debgngit doddicshlénel ortfeSROWENTADGIR 9658 nPh BQQThéégh 10
the DY1. ink and the DY3.ink. have significantly different.. be i Qr n
reflectivity e hae %g}%ﬂgiﬁlF%éF%%nglT%h&%¥3rﬁﬁgﬁcggglﬁ <%§W§ﬁhaggin
Fig. 15, they g ﬁag_eﬁfl%fgl,zd%clzeqﬁst%@ﬁi:@&té_@'slmﬁﬂlhﬁeﬁﬁé@ti?@i@f (ndthesvi si on
of the human ‘eye. is neans that there is a significant degree of freedom
in 15 settingnefatde dniaghicteefilkedtianilyabgotthegravehehdrhtheghyrlefigthonger

than 650 nm It is not easy to specify the conposition of the res&gctive
dyes or pbgnemasonof KOOIkt e SO0 - | Jodls 13 FBErRrEEebPF ELCRArHRT PSP cs.

The DY ink having the ideal _hue is,_h -easil.y obtai
(he degroe ofi™0 s FABABHELRCHOT EE1GT Y 103 A waval ndTh s 881 Sh 8P Tonger

than 650 nm s jeel rli;{éql'“bh&rheaﬁcﬁf@iééoliﬁxb{. of T IU{EBNK.eNen t Bhébetheol or
is lowered in SBMébeIé%g h region of shorter than 400 nm as well as in

t he wavel engtshnsegiiont9f oF oR@esn tdian thS@hentoldhels rbmat yhdewbeededigned
by utilizing the degree of freedom 25 in reflectivity in the short

wavel engt h r éieowavEhengbh| oedhep dusdonges, tharpnakpgt 63 the HHERSHERON

that th ti f the DY ink be lated tp. e .
1§ 21t oo ae U1 RBdbREI R Peribeliorty ot ey e LR R PG on

of 1 onger thaRy@y000E ofl the b SRR URe tnd dide DA QlierrcA0h oebssnyerd
col ors expressed on the printing paper under the
than 650 nm as shown in Fig. 15, they are recognized as
substantially the same color by the vision of the human eye.
This means that there is a significant degree of freedom in
15 setting of the light reflectivity in the wavelength region of
longer than 650 nm. It is not easy to specify the composition
of the respective dyes or pigments in the ink for the ideal
spectroscopic characteristics. The DY ink having the ideal
hue is, however, easily obtained by utilizing the degree of
20 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
925 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 ift reflectivity in the

wavelength region of longer than 650 nm. Fig. 16 shows the
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condition of a gradual, increase in recording density of t
recording ratio) formed with the DY ink on the printing g%ﬁ%%#ggﬁgm

absci ssa represents the a* axis in the L*a*b* 5 colorinetric system and
the ordinate represents the b* axis. The area of positive values (+) along
the a* axi,s substantially corresponds to the red color, whereas the area
of negative values (-.) along the a* axis substantially corresponds to the
green col or. oBheraecéacoflopesiekipre ssalues (the gimmg inge depeaxiwdly the
substantially corresponds to the yellow color, whereas the area _of
negative val GeBditjon| ohg e dpalainsreapst HntiedantindoAraspokdt (¥ the

bl ue col or. e, position shown T ] FiLg. . ans; the
coor di nat es EgﬁFeg%%ﬁ{ﬁ ;ggﬁ%Jxﬁggﬁgpgﬁngggﬁ|§ﬁggﬂf?ﬁg BgiF%gﬂiﬁb pé%%r. 15
In the case where dotgeangsEQLIBArWLERsEREsDYnd bRK ashewnn ithd-iigraxb® on
the printing paper, the color expressed on the printing paper follows a

| ocus shawn bylshemebttedydtren Wwehll tlan crnddneaser¢praptnteddedbh@disti o.
Narmely the hue becones slightly greenish with an increase in dot, recording
ratio. |n 20Thpareasef wasidigst ahyes g metengiths +he*pyS Y3 e ot her

hand, the hue does not bgeco reeni sh with an increase | din
rati o. The nFout2SRAA %cf%rﬁ&??ﬁ% o?o‘%%’i%legﬁéss]%%ﬁsfﬁpﬁggﬁu?%qgggh bg

regul ated by, atidd zingatRagnenelangihs £k 0ahfal BPeerrtBaBnBB0tArdhanher e
the sensitive of human eye ™25 to the color is lowered to give a sufficient

degree of frgesdamcolordesiga aofea bé pdsikivefsatiess r(i+healdmy dhei h* detisi |
the use of the DY ink having the hue beconing greeni sh with an increase
a

in dot rlécorelibganiialy gAFFRERARLY tonfhoveslar Gotege HERAGRS th@arhge of
O oen T | o L EBROEER, WAL T e e 1 8 S AR use
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 DY1l ink shown
in Fig. 15 on the printing paper, the color expressed on the
printing paper follows a locus shown by the dotted line with
an increase in dot recording ratio. Namely the hue becomes
slightly greenish with an increase in dot recording ratio. In
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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increase in dot recording ratio significantly inproves an J } ing the
hue of. red and low | ightness. The ink having the hue in if&g‘%ﬁégﬁ IOR to
LOGY on a Munsell hue circle is 5 applicable for the DY ink. In the exanple
of the DY3 ink showmm in Fig. 1.5, the reflectivity of light: is increased

in the wavelength region of |onger than 650 nmby utilizing the degree of
freedomin design of the ink in this wavel ength region. The ink may

al ternativel y'dse Qfes‘ifg‘-he@Ytbn]FoKA@Vim%eth@f heet becoypingOrefidi sghtwithnahhi s

wavel ength re |on Tgﬁ( g shows_ the structure of an_ink supplier. 55 for
feeding a su ap %ﬁ?%%&n@am%%gégnafﬁécmklg&amrpér@s fHBWﬁ@Pudes

a seal ed ves chei i nl.e thrg
whi ch a supp?l%k%?@ tbg be(g% %(?%dsﬁ?}stg%gﬁggégg Threeslstkt Egv'slg | nk
out. The dar kuenkrdiscrsses abover ts seakedn m tl\hﬁls%%@_ athe V@§§@ie 5§st0 be
not exposed to the atnosphere. This protects the ink in the ink supplier

55 from @ chaRdéchhlpropeithiecdY iWken &n sUppkyanblendE itbefBeB tiokt steown nk

cartridge, a.cap, 54 unt d on an end of the filler inlet 20 57 of the ink
suppl i er 55 8 ?é E’t? 5 SR tvniodt 15Bh Y dsstipgeaasash dhktRauppl y

inlet (not S@Q%ie;@{ éﬁ g)ot 1 be 1%91 mﬁéﬁ%%ooxgm tb% ud ntlgfré Ii:%zdt e I];ahee

pi ston 58 is then presse ress t seal ed

vessel . 56, 60 mSddbm iﬁefb@gsﬂ@plﬁh@ink% Ttﬁﬁsh@ave%rfgatrﬂiéggsn 253 | mage
Processing The color printer 20 forns dots of the respective color inks

i ncl udi ng thénbwamkahﬁ%@ecblazb@‘eedesggasdt boptowmér athe otadfldatdye.tyl n
or der tgen ?,é r}g col or rlnter 20 to create 75 27 QOctober 2006 dots of

t he respectl f Jfrf'lk"sh § VS RRAtEr Te83-°8houl d carry

Fig. 17 shows the structure of an ink supplier 55 for
feeding a supply of ink to an ink cartridge. The ink supplier
55 includes a sealed vessel 56, in which ink is sealed, a filler
inlet 57, through which a supply of ink is fed, and a piston
15 58 to press the sealed ink out. The dark ink discussed above
is sealed in the sealed vessel 56 to be not exposed to the
atmosphere. This protects the ink in the ink supplier 55 from
a change in properties. When a supply of ink is fed to the
ink cartridge, a cap 54 mounted on an end of the filler inlet
20 57 of the ink supplier 55 is removed, and the filler inlet 57
is stuck to an ink supply inlet (nc;rt 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
I e P
The color printer 20 forms dots of the réespective color
inks including the DY ink discussed abox}é, so as to print a

color image. In order to enable the color printer 20 to create
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out predeterm ned :inmage processing with regard to i mge tczl DGF?EB
representing a color, original imge and output the proc N é’g dat a
FNL to the color printer 20. The imge 5 processing is executed by the

pr..i.nter driver 92 of the conputer. 80. Fig. 18 is a flowhart show ng
an i mage processing routine executed by the printer driver 92. Wen the
programenters the inmage processing routine of Fig. 1.8, the CPU 81 in the

conput er 80 flotsto¥ ébei TRIP¢HRYE® COLoTdHt s ¢ Bhééxﬁiﬁ@@séa SrowepasIy 00.
As descri bed previouys| Fi the inage data are nerated t he
2ppl | oat | on CBFoHFaNESY MG (VR RF G PG E L B LT A7 265, VR e
application p @grﬁéﬁlgése&ﬂ%§0£0rcdlrﬁgeog§ #n Al e 1@RLeSSeE d%™tpt the
conbi nati on of three color, 1 nages, red , green (G , and 15 blue (B).
The i mage of peaehseeaotmage expi & I9Ed tasthesecblcﬁnf prpinded s 2iondi Yheuiahdye

havi ng tone values. In the case of 8- bit inmage data, each pixel may take
one of 256 tBREC¢aFURS llsnexécﬁﬂ*aﬁ@é)Yo?h@ jearchiy 15y dJBLYer Proee $§egf OTtRIEVRT t i ng

Resol ution 20Q W receivin thel dat a out romtheapl
roor am 01, _Be G 51504 A aengTs e el it atroartrns PBreetftif on a
step Sl1.02. &egggawdtggoygln@g@ AR igmge IS expr essed as a set of

pi xel s. The Iength on a pr.i~.nting nmedium corresponding to one pixel

depends upon the sizen theaprbg’ﬁgﬁ b dis haepimegs pedcensting poubinags
medi um The nunber of dots printable per unit: length by the printer
(herei naf t erF{ef ek¥ edthe CHA5 8t1hénp|’c|hﬁt éPmPé§©Fu§@ of} I hilasT AR wetlliAde each

nodel fot nt Lr. For co ve he essin
requi reg1 ‘tﬁ]%'k% PG TAMRS %ﬁaé oé% ‘?%Fe‘% n%qs e%milfléi:t ober
2006 the prwitl’i‘t’r'ei:gf.- 2r,e%9leumg§e aantat fa%eca%ﬁe%@ga bhect &sQJpiti Rt i
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. Inh the case of 8-
bit image data, each pixel may take one of 256 tone values in
a range of 0 to 255.
5_1; Process of Converting Resolution
20 When receiving the image data output from the application
program 91, the CPU 81 carries out a process of converting
resolution at step S102. As mentioned above, the input image
isexpressédas21setofpixels. The length on a printing medium
corresponding to one pixel depends upon the size of an image
25 to be processed on the printing medium. The number of dots
printable per unit length by the printer (hereinafter referred
to as the printer resolution) has been set for each model of
the printer. For convenience of the image processing, it is

required to make the resolution of the image coincident with
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the image is lower, than the pr.i.nter resolution, linear 2f5'cto PolRtion is
performed to generate a new piece of imge data bet ween two~ ad] acent

pi eces of existing data. In the case 5 where the resol ution of the i mge is
hi gher than the printer resolution, on the contrary, the resolution is

| onered by skipping sone pieces of inage data at a preset rate. The
process of step 51.02 nakes the resolution of the image coincident with
the printer rgsolpHindRd RekbBistABANErIin ke Bade. wkOkOrt KOMRShan o eges,
After conpletion of the resolution conversion process, the CPU 81. carries
out a col or ddvveishon procésvent Wiaep Ble 04rinAsrdesesdbetlprevildushy, the
application program 91, expresses a color inmage as tone imge gata of
three col ors,™ &:Fp(qzl)atlg’rneéﬁ E%rfefmeﬁnﬁobﬂ?%e B)® .2 A BIPGF Pri nfere20,

on the other Rty GXDh 85355 fa &atpglegggeof leQJ_BEiH% ﬂ%! bYnSl £a t' ve
m xture of three co or stinu magent a , adye

In order §0 phefte 8he0kOsolutBEE, off tthd SmaGeOi dimther adin ele pmﬁoayert
the expression of a color image with the three colors 20 R, G and B to the
expr essi on ofregodultéoni. mege Wiet Fraferatiteechacgreraslutiayg emdlowem#é BYocess
of step S104 carries out such color conversion. The actual Erocess of this

enbodi ment & FPPéggoﬁtO“‘Fhé’l@o’leér Gt I totet & t RESERT eb2bAsi cT29l or s
C M and'Y p EcE f}ﬁitgtcg# Qf1 0SE ViR £O! @R8 106 id] g: #C’ 25 MDY

For the clarity xpl anat however, it is assune e process
carries out bbene@heﬁtcomvershenpfont@e tdeeritiasiic aeliey ma@neM. and Y.
The col . conver si on process changes the tone image data of R G and B
respectllﬁel y_ha\u_ﬁgl‘ Tgersbor Rpdeessto tone i mage data of C M and Y

respectively havi ng 77 27 Oct ober 2006 the 256 tone val ue
fter completion of the resolution converSJton process,

the CPU 81 carries out a color conversion process at step S5104.
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‘p:r.inc.iple, by subtractive mixture
of three color stimuli, cyan (C)}, magenta (M), and yellow (Y).
In order to print a color image, it is accordingly reqguired
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 respectrively having the 256

tone values to tone image data of C, M, and Y respectively having
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In the actual. procedure, the CPU 81 refers to a conversion table as shown
in Fig. 1.9, so as to convert the R G and B tone val ues?’ Piepef B¥6C, M
and Y tone values. As shown in Fig. 5 19, the conversion table is a three
-di mensi onal mathematical table (color solid) having the tone values 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 nutually perpendicular R G and
B axis is refesresh tooms tdieaenl or space. 1,0 The conversion tabl e divides
the color solid into a nunber of small cubes. Each cube has vertexes, at
each of which a cdorthspridiadgrsete@ire hdhe CHY 8 Ad¢TeTotfe AT S9N

regi stered. The col or conversion is_carried out in the foll.ownhg er by
referring tof#hk® AhVEI¥Tb 1t Jﬁ‘lge'. ﬁ'Igor S@xﬁﬁp?@, c?{lveig {@é alg’sudr:’e(fr{%gtq a
col or defined, by RA, A n 24 1BACAS t he d ON&eakHese8f Ris GnodRdiBFiy.to be
expressed by the tone val ues of C, M and Y. The process finds a small
cube (dVp i ngd udinkg coave@sbnAtHBVe Nigs Eheneoor dinab esof & n@A AR tilcalhe

col or space. The process then carries out interpolation with sets of the
20 C, M andtabtenedldmuesliddi beging beetne dadd@s ¢& Ferfex@d BHRS he

cube, (V). 2020 19.Coheul BLetlienf Mo gl QB enraflad I RIS A
e S GRebic B s 11 kb | M aREOLp oL uahuliyl and
. , ght cyan) , LM
(1ight magendeypematiccdbr Back ay@blow)s aseafegirstiereds tihe adtdorispaces t he
tone values of the C, M and Y, in the conversion table, a set of the C
M Y, KO LGhd Monaedshynt brlele alineidiass thel eeheed aid kdBhOCRII MR €T 78 27
et ober 20065ma{1r}LC|clzjtgt>egs.i : I%abgh C81|1 é glsi ijre(:?:ftelzq{’esc,;’ aatndechI;[ ofg %ﬁkgﬁsa In
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 1is 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
95 color solid of R, G, and B tone values. When tone values of
the K (black), LC (light cyan), LM (1light magenta), and DY (dark
vellow) are registered, in addition to the tone values of the

C, M, and Y, in the conversion table, a set of the C, M, Y,

K, LC, LM, and DY tone values is allocated to each coordinate
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accordance wth another possible application, internediate
and Y tone values, sets of C M Y, and K values, or set 3270(? %{06Y K,
LC, and LMtone values may be stored 5 in the conversion table. "The process
calculates the final, tone values of C M Y, K LC LM and DY fromthe
internedi ate values stored in the conversion table. Figs. 20A and 20B
conceptual ly show a nethod of calculating tone values of seven colors C,

MY, K LG J.]'TMud%&)df{' Y fsoi the tong val ues ek 8i X088l Pasu&s . MInY, K,
LC, and LMin a ow area (area having | ow . i ghtness) . Fig. 20A shows

an exanpl e |@cwﬁdéﬂi\@@lommie@n@fh@harlkoseﬂblérhepph:trmmadmesinﬁ:efrn@@m LM
are extrenely small, while the tone values of C, and Y are Iargee in the
shadow ar ea a&tsidinG. i M. @yl Y20p0e VRIRRS 4 6RES o G:e Bi alRIHOIGH

corresponds to the depnsij of , dot s for d h r t
printing med?tint € & élo'BX% % Ese P V\ﬁl: cﬂn% ?‘?f‘?#) m%e va tt?te}eeo Y
is repla tOe S one; a&eltaslef e Aso82PL daNed1aReeVirIS MaWitidhe i g.
2, the D 'nﬁﬁtﬁgg é(}%}tal n contents of e[ e 20 dyes of the cyan ink and the
magent a i nk.vdhees & omec val, ueskofr.c CLEnGnd BY €raccidialiingbymeddate dadyeshe
products of the DY tone value and the rates of content of the respective
dyes. As shosworéd mgthQOEHW%mJ(ﬁh% results in producing a margin

for the restrlctlon of |§%§ %\Aﬁ%n E%Eggg g?llncsrhec)%se tq&\ %d( egs of

the dark red fromfidfe st i Yeqlired 1o decrease

the tone V%%T&ggt g '\éor?endfamﬁ%d lfn%%ﬁecgbergoee walwie rof 16, gMhat is,

create K do escribed previ ousl y, however, «creation of K dots
resul tsion t4es pAOErghathearéiy wHIRSS otthe1x 7@ D <Ot ober Y 2006 LC .deng ar e
formed in very dark red. Wien there is a certain ‘
LM in a shadow area (area having low lightness). Fig. 20A shows
an example in the shadow area of dark red. The tone values
of LC and LM are extremely small, while the tone values of C,
M, and Y are large in the shadow area as shown in Fig. 20A.
15 The tone value of each color corresponds to the density of dots
formed with the color ink on the printing medium.
Fig. 20B shows a case in which half the tone value of
Y is replaced with the tone value of DY. As explained
previously with 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

79



margin for the restriction of ink duty as shown in Fig. 20 tbhe &?rk red
can be further darkened by increasing the tone value of L QFober200; o
prevents the poor granularity due to 5 creation of K dots. The margin for
the restriction of ink duty is enhanced by increasing the rate of

repl acenent of the Y tone value with the DY tone value or by increasing
the contents of the dyes of the cyan ink and the nagenta ink included in

the DY ink, psdesydded f@kelin 00y dPstrLASefnehNen Pl 0f 5 GOIILGHION
process is carried out simultaneously with the color conversion process.

The col or cafam®ecin Aoproeessscoicetds dhedodetyabueshofn R FGg.ards,B, in
order to elimnate the effects of different sensitivity characteristics of

i mage scannerd®g HATK &8dl EeMoPei figeBeTr 18ankeRe Aty VidIGradsd néoltye tone
rder

correction process corrects . the tone values of C M and.Y, .in to

ol i minate t e HTa SlelSeoT Fn QBT DFESPBAGeE MBI opEr B et dus ¢Re
Printing sapRalaliizesos WRoEA! OrmEOREEELH oM LRAR A% AU APOS 0L Bukg  DE
reproduced irrespective of the difference between the inage 20 scanners or
t he printing iappanahdsedy BndreRsdngIheotaCovferépbgciuaberofothdanesneAf t er
the conpletion of the color conversion process, the CPU 81 carries out a
process of comléet Faght hee Rihiteneoraled s bat 186EpasiNg. thmheonkggdsdat a

after the colt§r gon\ée@iﬁﬁ%% represen stgn i nage, of. 5% tcg-,?l%% vvi:.Lt h 'ltlegard
to the seven ‘€61 6¥S° €&F ¥YR E 9 R EP The B e CGn 1 EnERSt her
hand, creatgy 4oks @8 hRecpiihAhi pgrpaper to reproduce an inmage, and
generally has only two levels, that is, the dot-on state and the dot-off
state. There are vanimbdde cdegr ithbeeslandcattesti @) p2bcasisoher c2006ed
multi-level printers that can print nulti-|level dots including
out simultaneously with the color conversion process. The
color correction process corrects the tone values of R, G, and
B, in order to eliminate the effects of different sensitivity
characteristics of image scanners that read color images.
15 Alternatively the color correction process corrects the tone
values of C, M, and Y, in order to eliminate the difference
in color reproduction properties between the printing
apparatuses. The color correction enables accurate colors to
be reproduced irrespective of the difference between the image
20 scanners or the printing apparatuses.
B-3. Process of Converting Numbg; of Tones
After the completion of the color conversion process,
the CPU 81 carries out a process of converting the number of
tones at step S106. The image data after the color conversion
25 represents an image of 256 tones with regard to the seven colors
c, M, ¥, K, .C, ..M, and DY. The printer, on the other hand,
creates dots on the printing paper to reproduce an image, and

generally has only two levels, that is, the dot-on state and

the dot-off state. There are variable dot printers and other
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internedi ate states, for exanple, by varying the size of daqts ﬂ%ﬁb
er of

created. These printers, however, still have a relatlvelfnﬁﬁﬂW”
expressible tones. It is thus 5 required to convert the imge having 256
tones into an inmage having an extrenely snmall. nunber of tones expressible

by the printer. This is the process of converting the nunber of tones.
Figs. 21A and 21B show a process of binarization to convert the nunber of
tones. Fig. QPAtéhéﬁ§eﬂmﬁﬁPE%ﬁ%i5ﬂféﬁﬂthél%bF@ﬂtiﬁl@@ﬁ&éﬁ@ﬁbhnﬁbﬂdbéﬂore

the binarizat.i 3Dta after the hinar .ion

The e GaE R B R PE eHETo e SRR R s SrgvoRe HE Dk bhngefs,

each pixel. The j4mge4alg@ af "I‘ﬁ%séhep:pirﬂ@éﬁszat hgwebéiée %’H"‘ﬁ EB%eOf t wo
values in each pixel., that is, the dot-on 1evel. (thé value ") and

the 1.5 dot-etfiakevely( the1valuwebed Jo£ elxplwsdﬂrblteO show .t hat di§tﬂlub$ltl on
of dots clearly, in the inmage data of Fig. 21B, pixels having the value
1.' are hat cheguinedptXeFeYRE ﬁé‘-et hBageaheelng 256 éomsenintReastiggure of

t hi s enbodi nent . deternl es t 20 of f_conditions wt to the
Soven' col or SREVIRE & "RAEeRdlSt Rheat Rt Ries $UHAS KR0RePEL 6 Tetibas
appl i cabl e thnEQF deﬁﬁé‘ié‘%‘ o@éés 9f cWﬂkr‘éEt@ﬁgLHr?é h¥mPav e sSUke s .
advantages and di sadvant ages. The color printer t he enbodi nent
causes the usegst 2Bl £cd 2B ahwopr ipabeecset bodbiwari het 25n died eyoriveatt on.

There are typically two nmethods, the error diffusion nethod and the
systematic drehéumperhed. tones erFag. 2di% sheveimagichddt @ mfireesthaeHiogh

I dith ho bl h
R ah- spdBh- pTORTRT TR o ST u Ty TGS eber FB6s The aurl B0l t he
error 81 271%@%rta299§erdfﬁé l’b%.'n%@rlg%ttligq . anﬂlé Q?na@éshﬁggtﬁé‘fcﬁfé ht%r

met hod.
binarization have any one of 256 tones in each pixel. The image

data after the binarization have either one of two values in

each pixel, that is, the dot-on level (the value '1l') and the

15 dot-off 1level (the value '0'). In order to show the

distribution of dots clearly, in the image data of Fig. 21B,

pixels having the value '1' are hatched and pixels having the
value '0' are open.

The structure of this embodiment determines the dot

20 on-off conditions with regard to the seven colors C, M, Y, K,

LC, IM, and DY. There are a variety of methods applicable for

the determination, all of which naturally have some advantages

and disadvantages. The color p;:inte.r 20 of the embodiment

causes the user to select an appropriate method for the

25 determination. There are typically two methods, the error

diffusion method and the systematic dither method. The error

diffusion method ensures the high picture quality, whereas the

systematic dither method enables the high-speed processing.

The following briefly describes the outlines of the error
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B-4, Binarization by Error Diffusion Method Fig. 22 Is a flowhart show ng
a binarization process by the error diffusion nethod. The?tQ@Eehs W of the
enbodiment 5 carries out the b:i.narization process individually with
regard to the respective colors C M Y, K LC LM and DY after the color
conversion. The follow ng description does not specify the color, for the
clarity of explanation. Wen the program enters the bin iéati on process,
the CPU 81, dz&flssiomgecilr@ and e atvsisd)y 4506l e f“r‘?%é8 data Cd have
256 tones with regard ~to eac af 1.6 : eRl@r sconver si on. The CPU
81. generate PO HEt S romt image data Cd at step
S202. The error diffusjon et Rad@hstki BHbRSNGNa € L 0drifa thidrarprzatesen
generated, with regard to each processed pixel. to a plurality 1.5 of

unpr ocessed py xekseitodt hereieinntne tofod.neThe deadoddus odethe sphlidemai n
wei ghts. The process of step S202 adds a sumof error aﬂﬁrtio{@ rdi sétrrd' but ed
from t he 5surcaumik H@usr beedsiatRriFadd|an PEOgepF xAdT Vg et &y Bkt "WHCh i s
currently bein processed, to calcula he,c eGghj o SSher Ring 23
Shons. 20"t het AeEhEE SERGEA o P Rar Sur T Slndi s Yol e o ey

8°8urr oun i'ng” pi xel's, to which an error of
a pixel of igé‘féle%ton%ljsﬁo%iﬁtﬁl@l{tcﬁqsow-ﬂih@ &£ 6riptiobideesi zat ispreajdiver at ed
in the pixel of interest PP is distributed to several, adjoining pixels in
t he scanni ngchalidadt ofcaf theectaritnge explweldtigs .t ovBewydhd PAGWBiaM ng 25

pixels in the feeding direction of the printing r Pwith pre rm ned
wei ght's, 1/4entig1ss tiyed bLnpEizPftd 0By PEPCCHF f T éf?%ggéc’é%%é? s ec(ra%{;)%d

| ater more in_detail. cqQrrection da teden s @euapar ed
with a 19 eded &tnhed gﬂf%shg[{h& varde %ég@#@%ﬁ%?%%%r@gﬁh stg([;a 82 27

Cotober 2006, 804 cd b B2 tERSEnbBLErIdnRrsient.| omneay Dilgensrases
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correction data Cdx from the input image data cd at step S202.
The error diffusion method distributes an error of binarization
generated with regard to each processed pixel to a plurality
15 of unprocessed pixels in the vicinity of the processed pixel
with certain weights. The process of step S202 adds a sum of
error portions distributed from the surrounding processed
pixels to a pixel of interest, which is currently being
processed, to calculate the correction data Cdx. Fig. 23 shows
20 the weights added to the surrounding pixels, to which an error
of a pixel of interest PP is distributed. The error of
binarization generated in the pixel of interest PP 1is
distributed to several adjoining pixels in the scanning
direction of the carriage, as well as to several adjoining
25 pixels in the feeding direction of the printing paper P with

predetermined weights, 1/4, 1/8, and 1/16. The error

diffusion process 1is 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



than the threshold value th, a value ' |' representing creation of a dot
is set to a resulting value Cdr showing the result of the27dPsieber2%96: :ion
at step S206. In the case where the 5 correction data Cdx is snaller 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 value used to determ ne

whet her or not a dot js to be created | 1 Pl oxel. he, GPU81.1etrhen
cal cul ates art & of Rt BiCHEF] ‘%%??%t&%%n&%ﬁ%g%%f&%gfa (?%-gée%?aaﬂd éieffuses

the cal cul at,gd ety ar:{0 408 4 RanRNEK ala vRIX&!'S i Rephesyitimg tyeaft ibhe
pi xel of interest at step S210. The error is equal, to a difference by

subtracting ot he dasulst seft theat eaeuhtirher vebne t&F g dwigd tthe £688Fal ue
15 of the original. inmage data. For exanple, it is assuned thgt et@gge is a
pi xel havi ng hehe¢ ohéngaigetien’ atnsti® ora%fi-nall® i WhyeCaata" "When "adot is

created in the pixel., the canverted .resulf. coryresponding 4 ¢=aykora, val ue
12551 i sOexfi@dssF i drda ;‘Q)‘l oS PRAEAPE %ﬁfé%tg,{}%%er'e' is an error of 64 -

256 = -191. 20. Ve | S d g Nrbhee poxelng Gt dia onoaf mar @ott her e
is an error of tﬁg gtlgggq%%?d'Tﬁg&%%%r thusbcal cul atged is diffused into the
peripheral , i i ¥gks #ét hhehereent almg weiaghes Sdowati nsFey. 298 -For T8Ranpl e,
when the target of pixel. PP has_the calculated error 25 co reesuqsoerqditgg to
the tone valpmedeArmiaedethseshoiti Grluedty 8 FAGTHTY LG a2 tone val ue

'. 161, which is 1/4 of the error, . is.diffu . j 9k kxeh Pl..
The total ofd&ifdH L0 WP8§§8re?]F&Ost iasdg%fﬁsegftg gbdé %r]]:% '?jht%(&: %%grgueéa(;la? a Cd, so as

Lo gengpate the il el on dale LbodlatuiepnSa02odest nitac aidien 183 27
Cct ober "2006 The series of the processing is repeated with regard to all,
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 result of the tone number conversion from the tone value
15 of the original image data. For example, it is assumed that
there is a pixel having the tone value '64' in the original
image data. When a dot is created in the pixel, the converted
result corresponding to a tone value 255" is expressed in the
pixel. 1In this case, there is an error of 64 - 256 = -191.
90 When no dot is created in the pixel, on the contrary, there
is an error of 64 - 0 = 64.

The error thus calculated is diffused into the peripheral
pixels with the certain weights shown in Fig. 23. For example,
when the target of pixel PP has the calculated error

25 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 P1l. 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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the pixels at step S212. The inage data representing the dot on-off
conditions as shown in Fig. 21B are eventual |y obtai ned. TOqEehdWoof
perform ng the col or conversion to generate 5 the tone inmage data of seven
colors CC M Y, K LC LM and DY and carrying out the binarization
individually for the respective colors sinplifies the contents of the
processing wth regard to each color and thus enabl es the quick

processi ng. ThﬁeSﬁﬁdéﬁeﬁéeﬁbeaﬁﬁog¢$@ﬂ¢$i%ﬁiRﬁﬂﬁﬁﬁﬁﬁ g thi ThopegaFd edleach

10 | II | t |
rocessl ng agherREGELE T & %p?g%@”ve B siPEoTeha SRHAE LA e, 93 f on
even by the grr B%fdec{] g@%wn ?e 9& é&@]ﬁ ng 5@&&9@%@ the

error diffusion ano er possi proce ure app le to the col or
1.5 conversion promgésmﬁskﬁp16§@4fbﬂmih§tmeM@hﬁfboﬁbeEsgonk&Qg@w@@aeées
i mage data of the four basic colors CC M Y, and K, and determ nes the dot
on-of f cdhdi thensoné LM@Q@:@@ﬁaLchRﬁY#D-5a§é§Soﬁ t e ¥onk. dh@a M. @nd he

dot on-of f condltlons of d LM dots based on. the t ta f M
o The ot BR B ORP ot e P e s S s ta of

Y. This rret;PgQ éb%éfégfofé‘dsﬁﬂﬁ%éboth%ecgﬁlt%tgo&‘?e{ﬁé%oc%&&ﬁ?é- B-5

Bi nari zation by Systenmatic D ther Method The principle of bina.ri.zati.

by the syst egath ¢ediatdiicto eaphmeilndan s th@Scr 1€k M hE ghiigk R cd gk ity .S
exanple, it is assumed that the inage data Cd nay take the value in the
range of 0 Tloe 2568lepandica tdhnfAes immt ¥ e hasovakaangiwt ttheegandet ofeadh t o
254. For lICIt%BOf expl anation, the exanple of Fi 24 shows, only part

of the |]r9a CUR B CBBPLES ¢k U FOPVREFLOD US4 NI AREEGHBF 13882,
shown in F'gbrg%eséfﬁﬁtgﬂga¥§£H§§ 0$h£99a£9298eﬂéﬁé ggshges the quick

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.

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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the respective pixels are conpared with the corresponding threshold val ues
included in the dither matrix. In the case where the val u& ©ftolteh2d6nage
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 inmge
data. Cd is not greater than the correspondi ng threshold value, on the

th hand, _ t he dot t tob ted. Th hat ch
(r)ep(raresen?npl G %“?“?P valH’rscFﬁ%t hgo‘dogh £ eb‘éalﬁ% porge(gcthgd lm%ggdggE?l %(gdghbove
the binari Zaﬁﬁgnrgxﬁgét@h%sggga&gcargl (e RN +FOMRAL €S0 118 &nﬁnv,@l ues

of the image data i spective pixel's wth the correspondi

t hreshol d va&.mmShcbmludmts Anidieddiat her tnatdithennc dakar m[ﬁetShé hﬂm@t
on-of f 15 conditions in all, the pixels with regard to the seven colors C,
M Y, K LCwILMe'ahhleDYabage@foﬁhmeimmlCﬂastd)fc@héscﬁﬁﬁaﬁiegoﬁhanuﬂ%@in

t he case of the binarizatio t.he error .diffusion nethod descr.i be
pr evi ousPy, ‘r‘?Fﬁefﬁ-P‘?:‘H?en%f btzr?e%o&l%é(ﬁlfﬁt i8nthy theleystahetc Wit

method, anolfler, Passldndh e PEACEAUr S?QQP&:h&@Q' £hd O d NG G Un L ARSI ON

process (step SlO Int | owchart of Fig. 18) generates |1 mage data of

the four basis cal 0§ E g%aﬂermmthar&bz&%ts@fomme@ thee giod 1@ R-a0fidfe
conditions of the C and LC dots based on the tone data of C, the dot
on- of f condidn die ofthieffehWhdndth$/ dot siﬂ)asﬁdt@nb?h@rﬁgt@@neﬁm@iéffelm and
t he dot on-off conditions of Y and DY dots _based on thg ang dat a %

16 {8 h gta

The col or C&Wéih:ﬁdoﬁnp’fqéges%‘l JrePRaReR HPdEEAG &7 reY Tt &
generat regard to the four colors. This arrangenent SI nplifies
t he conver5|on process. This arrangenent al so prevents dots 85 27
Cet ober 2006 of tReqsaneiBehibSYS! &ie behaexaaplien By GiiotkysaraaanclC
dot dither method compares the tone values of the image data in
the respective pixels with the corresponding threshold values
included in the dither matrix, and determines the dot on-off
15 conditions in all the pixéls with regard to the seven colors
C, M, Y, K, L.C, 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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frombeing formed in an overl appi ng manner in one pixel., thereby
inproving the,picture quality. B-6 Interlace Process, 5 Ref7edstoheg2@®ck to
the flowmhart of. Fig. 1.8, after the conpletion of the process of
converting the nunber of tones, the CPU 81, starts an interlace process at
step S108. The interlace process reorders the imge data, which have been
converted to the dot on-off conditions by the process_of 10 con r#}i ng the
nunber of tofEsth (FafesEQdERt SYBIHB thinSFEPdE - Fottet Goi%rn %ﬁ?l ter. 20.
As di scussed_above,. th . Rr : . ar | ' i nt: ad. form
rows of dot sff?%\séteé'rrl glﬁleon%g C?E'g%nt eg%%?%%n }“\é‘ggé%r}% %%%Xg g’égta}ﬁrh%% he

mai n scan angmlt)pgviﬁ(_ybtﬁé:aéu@guﬁ@qlmirﬂﬁge 40 . As described previously
with Fig. 15 4, each of the ink ejection heads 44 through 50 has the

plurality of-60zrhiesrNrge skrddests a plurality of raster lines are fornmed
by each pass of the main scan. Each %ai r__of adj oi ni n}g_ raster lines . _forned
by the s&me pass HafeaFams MasH d8chbet ReP EharheCt nbigt el fi tTH K ter

lines aligned at.the interval f c i o ALe f . idig to
S oy e Bt P TR B8P 8RCh A oiin Rl ALFBE, S5 arslng

plurality ofifas¢es kingsaradt bheintkenwaks ppbceke rRAzdw@pidias .k, ™ld ghtly
shifts the position of each ink ejection head, and forns new raster |ines

bet ween t he Bxiestiawe masiersd iresddns diderinagd datove wHeh hayiec bgrea
quality of the resulting printed innage, the control, procedure my cause
“T'n

each raster ¢9meetiehet? of ftd oY Rt copiselonst Phethai RTSEER°
or der t(c)lloshorten t.he gﬂ%hgtﬁ@ e%)fr & +oh0€, GON ré’écﬁle‘)&@%%dt‘éetﬂt%\éf%%%% dots

to be f neac%veoroﬁ‘w orwar asses and’ backward passes of e mai n scan.
86 27 Cctobey, 2006 oAt L1088 81T 0Rsaii ddifsddd BhbAE S HWeDESEST piriatiemage

data 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 the main scan. Tn 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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are output as the printable image data FNL to the color printer 20 at step
S110. 5 C. Results of Simulations In order to confirmthe B daaies2als t he DY

ink on the inprovenent in picture quality, the sinulative conputation

di scussed bel ow was carried out. The followi ng conditions were set for the
sinmul ative conputation: 10 Condition 1: The color. 'red" is expressed by
formng both Mdots and Y dots at a dot recording ratio of 100%

Condition 2: The colffer cgll&gﬁfgtﬂn% o%éﬂﬁ%’?%%gr?é{cg%wc%%slf ’LCH)% $mBle H 4

recording ratio of 1.00% ndition ots are“equival'ently replaceabl e

with 1.5 a camrbionapuenaofthe Poistabl daitgeadshy Fiot So athel b1 SAR-1GRRSI tY
as that of the Kdots; Condition 4: LC dots are equivalently repl aceabl e
with C dots % &t ¥eridtlT&cording ratio; Condition 5 LMdots are

equi valently replaceable with 20 Mdots at a 1/4 dot recording ratio; and
Condition 6: DY dots are equivalently replaceable with a conbination of LC

dots, LM gotﬁi&_ﬁ#miﬂ%%ﬁﬁ density as that of the DY dots. The
actual printing operation Is performed under nore 25 conplicated _
conditions. For exampledetrtheor abarfafrm epleacgiests 6F eashpinknkt bat the, the
rate of each color ink that does not change the output color by
r epl acenent ) lyprcgemen ta Ipe P ctygeplduadtidd . nihees invdetdivagcoopthataenual
printing condjtions, g)ng rarely gives a fixed Mal ye_as shown bg,_t he above
condi tions. SBFCHFSEE: §EEP2H66 OFfE 1P Mts ofPEnECLTATEASI 6ARIHFLeRE sed
bel ow do not gt GblY £o-CRhESE Ml 8136t HahpuPLL A NG results . The
qualitative '
10 Condition 1: The color 'red' is expressed by forming both
M dots and Y dots at a dot recording ratio of 100%;
Condition 2: The color 'black' is expressed by forming
K dots at a dot recording ratio of 100%;
Condition 3: K dots are equivalently replaceable with
15 a combination of C Dots, M dots, and Y dots at the same density
as that of the K dots;
Condition 4: LC dots are equivalently replaceable with
C dots at a 1/4 dot recording ratio;
Condition 5: LM dots are equivalently replaceable with
20 M dots at a 1/4 dot recording ratio; and
Condition 6: DY dots are equivalently replaceable with
a combination of 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
26 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 inprovenent in picture quality by the
simul ative conputation are, however, sufficiently 5 appl iaraitadet 2006he
actual. printing results. CG1 Gadation Pattern from Red-to Bl ack Figs.
25A, 25B, and 25C show results of sinulative conmputation of the dot
recording ratio with regard to each color, ink in the case of printing a
gradation pattern gradually 10 becom ng dark fromred to black wth the
col or pri “tetf gg:e(%}]lttshgf | 09%{?(6%1;1&?&%@'&%5%@ bheorkRVeoendiitldaRs, the
gradati on palfern romred to ack 1s a pattern having the linearly
i ncreasing dodpFreeaidi Reel ddiu0f Erdntsngramsdtisa  1THO%qme e Kdesi ng a
dot recording ratio of 1,00%wth regard 15 to both the Mdots and the Y
dots. On thesdbscisse dfheedth igkaph, thhelnareecren byt epreauift SUaHdYpur e
color '.red" and the value of 1,00%represents the pure csolf%ric;ieglltqy' :
ar Kened

The col or. 'Bedthexpiasdediys tFROPHEHNY Paper 2OV E gr adual1y

w th an i.ncrease in value t SCi i n&0rELH1+45A shows the results of
t he si wPati?ﬁPﬁﬁ?aﬁﬂt%e do“’t%sré éﬁ‘%ﬁei’[@%ﬁ %Eél rl; the case of using a sheet of
printing paper; havidwh+ g astdtcatd @roaf Redk tduByaegual to 220% As shown in

Fig. 25A, at the value of 0% on the abscissa (the pure color. 're.d'\) ,
only the M dots amidshe 25xlot 858y eahdr 25 SIBvat Tefel B9t OFf e SHWIAG VSt i 0 of

1.00% on the printing paper. The lightness of the color is | hat

i s, darkenedomguimieiPn PhdhedRt Fﬁcgbél’flgfé& OG- HREPYaEH %t%gx\’f%%ggtg g whi | e

keepi ng the dot. recordi rati 0s.;0f ;phot he aMrdaths pare et-he g¥adeky 19t

100% When tHES dbt %é%o?%ig%gg%ag?éﬂg%g?hg %C et R o B e 05k %88 27

Cct ober 13006, dRARRIPHaFRt ehym5Peantd ha alxselisharhe ¢hkot atmintae@dr difng

ratio of the Y, M and LC dots becones equal to 220% The restriction
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
95 at the dot recording ratio of 100% on the .printing paper. The
lightness of the color is lowered (that is, darkened) with an
increase in dot recording ratio of the LC dots while keeping
the dot recording ratios of both the M dots and the Y dots at

100%. When the dot recording ratio of the LC dots reaches 20%
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of ink duty set for the printing paper does not allow creation of dots at
the greater density. Formation of the DY dots is 5 thus coamesasd2eis t he
val ue of about 5% on the abscissa, while the dot recording ratio of the Y
dots is gradually decreased. The DY dots forned in the hue of red are not
so conspi cuous, because of the follow ng reason. According to the above
condition 6, formation of the DY dots is equivalent to formation 1.0 of the

Y dots, the , hes Sy a q t he
Dy dots. | The Yo PR L e o e o e P v

dots and M detrsthave weend or aed satecdes datalacordiag ratd oestrifd%ar e
i nconspi cuous agai nst the background. The conspi cuousness of the DY dots
forned i n theflénhubitof setetioF $hespront drgtirtenflopheneiCaddry, capdtipe DY

dots are thus significantly inconspicuous. It can be med_tha the DY
"nk i ncl udesOEhGOLE FRKEDS AFAHE T HEPAR T atRRPTTN (0 (e $Y' H ts

(condi ti an 0 gluen ahayela oS PRIRAAN, OF LPGDYLohsunceardiaghy docreases

t he dot r ecor 10S O e LC dots and the M dots.

decrease in dpt dEEFSHIWIidArh@So0dE the kCidps slsa@daahalu/iyd@éerezgw@s a
certain margin for the restriction of ink duty, and thus allows a further
i ncrease in @be Pécdrs n@:mmd dnothehkue L¢F dtdk araf pef. S©heoRRipd ¢¥Hodhe dot
recording ratios of the 25 Y, and LC dots reaches_the restrictioon of ink

duty, the repfraeefert §WQJﬁ?l#QHﬁ%9vﬁ?ﬁs?%e Eﬁcﬂﬁfgl%%aEPe§hFhetr?éhtness
f th |
of the coloroongfl s SXR! CPSEHL Ofbd BE chid BY g)@gsgasosgﬁwapgn{qw;ﬂnaﬂmt is,

the val ue on bscigsa I nCcr ease stage, no use of the
conspi cuqus &k defesydastd akhy Mt evest saidaneStc 2btechohale 2066 qumnidyarity

from bei ng worsened. After the perfect replacenent of all the Y dots with
t he as that of the DY dots. The Y dots or the LM dots formed in
an image where both the Y dots and M dots have been formed at
the dot recording ratio of 100% are inconspicuous against the
background. The conspicuousness of the DY dots formed in the
15 hue of red is as low as that of the LC dots, and the DY dots
are thus significantly inconspicuous.
It can be assumed that the DY ink includes the LC ink
and the LM ink in addition to the ¥ ink (condition 6 given above).
Formation of the DY dots accordingly decreases the dot
20 recording ratios of both the LC dots and the M dots. The
decrease in dot recording ratios of the LC dots and the M dots
gives a certain margin for the restriction of ink duty. and
thus allows a further increase in dot recording ratio of the
LC dots. After the sum of the dot recording ratios of the M,
25 Y, and LC dots reaches the restriction of ink duty., the
replacement of the Y 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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DY dots, no father increase in formation of the DY dots is allowed. The
val ue on the abscissa is accordingly increased 5 by gradua?2i ctotepkeas ng t he
LC dots with the C dots having the higher density. Formation 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

rat her conspicuous in the color of bright red to worsen the 1.0

granul ari t%gﬁ&uﬂhﬁﬂﬁ_{ cas@n Heik grorXhechowever, the C dots are not so
conspi cuous 1 n the color of dark red, which is expressed by the val ue of

bout 40% on the alstiessahetprerthyt neatlapsmsati of alHetheahdeasi YR Whén t he
sum of the dot recordi ng ratios of the C, M. 15 and D 'd*ﬁt ﬁ%‘}' Ghes [the
restriction BF 4HE AR THI T LREF S RcrBas8TPAF8P nat i bR ot dot's i's

al | oned. Theag?éw%&ﬁ_lc?gﬂifangal é‘tér‘i’grfr@ 18 1183PeEt Lo fa 1M1 ANt JPE ol are

t hus decrease ormati on the K dots 1s coomenced. As described
previ ousky, ﬁﬁ%ﬂéd%tﬁ 2¥p1a0igyt freeely doew wightitess Gbhath@0ing thehe K
dots are very dark) and are rather conspicuous to significantly worsen the
granul ari t y,higiesslensdytvar eFponatéoni oif tiee Sufpitsi et FomerRRde btk dPSund.

As shown in Fig. 25A, _ however, formatjon_ of the NHQOtS'i%ﬂ&PgHEﬁ&f%fat t he
val ue of abBkUST(% GPWMTe 4Q6sOPsE8S FRECLDFBr 28 r &V expt essed on t he 25
printing paper_t al Lgnif I § Ghtness .andarkhat
the K dots ;&‘ral@'n%;éidonéiﬁo?%éﬁg%t galggvérlt‘af e 'B%écityu}gw gtgﬁty. At the final

stage, only #he df dRhsalRiduer mBdtak cbherdet bverghdirgl riat worsfenl@d%% The
gradation pattern printed on the printing paper thus naturally and
gradual 19 charges atigy .90A87i00theherns2006 FE®l G5 r BAVEEET . WHe? &€ GRIEF the M

i 0
\C,i\géfeagg| ;,hteeﬁ{g %Ocitgt%ag ecgr?sr,gfguot?é :Erbetlrlgcg(r) ,éPgo%aéggkOLengO%ﬁigﬂ 9.|saCk’

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. 254,
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 1.00% Formation of t ctSpef94cs 1S
commenced at the value of about: 40% on the abscissa, 5 an ormati on of
the K dots is commenced at the value of about 70% on the abscissa. These
dots are accordingly not conspicuous to |ower the picture quality. Fig.
25B shows the results of the sinulative conputation of the dot recording
ratio with regard to each color ink in 10 the case of printing a gradation
pattern fromaad §riohackd wintisagt onhe e YoiatHanchehg ﬁfgéPtéfa’iﬁ' TREMRG

paper having the restriction of ink._duty equal..to 220% The r |.or
‘red’ (the A& GBecFePR BT ﬁ@téﬁs‘ﬁkégé)%xigo E’?é‘&ﬁfm Véeﬁ%rq?gﬁeag%lﬁﬁgggn

i ncrease in dot, recording rati 4y LG o 8 BYEst 0 ddincle o @3t khet i on
of ink duty, Fot r‘rfgjl(f%%oen (%?tEﬁée %e(g%lfs's I(-)ﬁd be commenced vvhe'ln t he dot
recordi ng ratd @o@k tSedimcdiics heaehexa12Q%f labditi 20case, tHeoorationaof t he
C dots is required at the value of about 5% on the abscissa, where the

col or of &tildnd fiorghtipedf $hexkrésted sopomhenped it fjepapeie ofpPeuthe LC

20 dots forned in the color of bright red are not so conspi_cuo C
dots, which H&% 80hi BRer aRSEISSP ¢ har 1954 g‘f’t?hea{% G5 °§,%‘1‘Jlf‘%§f¥edhpﬁ t he

color, of b”éﬁ“ ﬁ}%aéﬂ% k? Hg%e%a§ﬁe0?igkgre %égﬁfff.rather conspi cuous and
. £

wor sen the grar%sl arity. er the perfect replacenent of all the LC dots
with 25 the C dot $3gn024sichBeE t1e rease tsof ehepdimul ofivkotempetationed
due to the restriction of ink duty. Formation of the K dots is accordingly
comenced, whifl ¢hichdodorerecdidinetae i withbfregansd Maseshaf@leReivddls are
gradual |y decreased. This state 1is at .the val ug»_of about 25%)%1 BE%:

F he ]aots

absci ssalfn the Ge&sh odf Pr¢R 3908t g5EFat3886P2Er g 258 St Rce

have an extr eIl ¥ O LI SPIAGSS on({h8lsticbr bRepKi ALl Sy PepeiChkvdabhine
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%. In this case, formation of the C dots is required at the
value of about 5% on the abscissa, where the color of still
bright red is expressed on the printing paper. While the LC
20 dots formed in the color of bright red are not so conspicuous,
the C dots, which have a higher density than that of the LC
dots, formed in the color of bright red as in the case of Fig.

25B are rather conspicuous and worsen the granularity.
After the perfect replacement of all the LC dots with
95 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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at the value of about 25% on the abscissa significantly wos5s685er bdt8
granularity., 5 As descri bed above, when the gradation pattern fromred 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 imge of the poor granularity. in

ot her words, Fitghe 258 ofinhe Dyeifkddhprivies arhexgrameiar iey. ‘lllghf‘ﬁ@SE)Y
dots thenselves are rather conspicuous bhe _Ese of é{foz.PYofi I § dots
meani ngl ess &V&R T ASughlehk RS MEHrETEnterFhe HPHEALT -

arity reom el ng
wor sened due to, the

n ' issd &DGIPOFKE - 16f wbhgesi
and the LM i (¥ ‘Flﬁ%lvagu%()%)?] at%::?élttD K G0t 5e atheilsa SOMPONEsHS: 16f wbBgelsi Nk

ude Ink are not conspicuous against the
background ' red G@h@Mariftys means that only the conponent of the LC Ink
included in the DY ink has a possibility of conspicuousness. The
conspi cuoBisness of Athee Sirtotd atomesdwhad tiie geadpidRyrduRe Db o™ Rgd

substantially equivalent to that of the LC dots. e USE t he: DY. | pk
accordi ngly govedagk Fﬁa@‘él%?e%ﬂ’rtéﬁ’éﬂlly usﬁ&@o%é%l%?g%na]%tﬂ%aghe ypgmlﬁ%)}&? any
significant conspicu es tSti&h Sorf Zﬁgcﬁ?ﬁvys @1r esubbesof thbe
sinmul ative Cgﬁg&?aﬁegﬁﬁgzﬁﬁgf Ptgﬁgg%:l%%l(?ecordi ng rati gh\lih\,i th regard to each
color ink inc hRescase @anﬁiaﬁmg an Oftedlaid 1o pat tserid1f borghédred ahdck
wi t hout the DY dots on another sheet of printing paper hav%ﬁ‘? a
restriction aheinkiotst yrequalspitmopsods theecple® aforetativety daikEedal ue

of 0% on the abscissa) is gradually darkened with .92 27 aher an
i ncreasel®n &bis g&¥8F Ahd e 8% ofl% i?éDOIFCgHSFB'TLaﬁI Yio ‘Itr}?éttgggsvf’%?(gtéi on of

Ink duty, r e%kgcggg%tf ‘Qﬁetlﬂeihg Hl%lsoxygé rEhEk&_f:lm;llari.ty. 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 Y ink and the LM ink included in the DY ink
are not conspicuous against the background 'red' color. This
means that only the component of the LC ink included in the
DY ink has a possibility of conspicuousness. The
conspicuousness of the DY dots formed in the red background

90 1is 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

95 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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C dots should be commenced to further darken the col or of t he dot
recording ratio of the LC dots reaches 60% (the 5 val ue ofiﬁg%?b%gdr?fst he
abscissa) . Wen the dot recording ratio of the C dots reaches 60% (the
val ue of 65% on the abscissa), no fu'r'ther. formation of the C dots is

al l owed. 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 ionigaskeil didt segpedfingneatiat ofhEheldtC F6E6r di Hge it £8e of

100% (pure 'black' color). According to _the conparison et ween .t he.graphs
of Figs. 25ATRFFTASEiBueR LRE @?Wn&e&la%ﬁgﬁﬁngh?hrégf‘%o\féer?aﬁltgﬁ ngt he C

dots and the ftshgtgglslgggu%@%im%&%cteﬁetgofm 'é?rgidgfrktaﬂetﬁedéﬁmlaro@ eanl i er

in the case han 1’ n the case o 25A. Nanely the dots
are nore CORSRICYAWS He WOESEAidHerpanwrathbyr.C ndd e mastmesf 6BRg(th25C,
conpared with the case of Fig. 25A. Based on the sinulation conditions
gi ven pre¥i owsllyie bifelEbaponvemembsaissgi)ot uleerudte tdp thyregerdd REhE2BYCi nk
is greater than the 20 inprovenent ,in picture ality by.changin e
printing pap®f thavfrPiheassdes éf)%ohﬂgﬁ? ¥ edg?yé%au%ﬁ ytth(? ?ggﬁ}ol?%g?he
printing paper _having the r icti foLnk, . Soual , #.2nd8Q%n dhe
above resul t £% ‘ufﬁéeg‘i ‘%—ﬁf%‘??zéé Cg%gtcgfges? thguég?ﬁﬂ of theFtB$mi%nk. In the
case of printiRoxageradas ioPadichcedy Whoneratk tdytbracordihg fatimsi on
of dots with the DY ink starts prior to the formation of dots with the C
i nk. The DY iogkthasc, #,heedct deodst are greduaiflyt BecyepfRdandiy HigefiRRLe
basic color inks, C, M and Y. The dots_of thet%i E}étand th%igoté 1(;iothe
Y ink hal@® bedarderecardd Fhevifice ars ERpPedsat He e fof ©F8E 1832

Co bet 2000 Tl Sl | 6Py ot s, kotommmncer
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 1is 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

95 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 coloxr

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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ink. There is another suggestion with regard to the usage gfy tgbeﬁ@(;DY i nk.
In the case of printing a gradation pattern from red to black, tormation
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 col or prin¢efousinipn et siotcolidh ithlesDY EnkMisythps et GRS he
quantities of consunption of the Y, LC_ and LM.inks. ar reater .t.han, t he
quantities ofarEbmsut Ii‘oW%ffotﬁr‘i‘?té'oa?nﬂ’fNao 'Eswlﬁg gg?c i%ré%l a|br%éev1“fhoeus Y,
the 15 C, M. LC, and LMinks are often kept in one ink cartridge 43.

Y,
Accordi ng to‘l'riﬂﬁhges to be printed, the Y, LC, and Minks are used up to
require a repl acenmgMrofi st BRotRKrCAIdddAgomFithhatgstd |do has téege erfai ns
of the C and Minks. The color printer 20 of the enbodi nent uses the DY
ink in plracetiod IthénR0 YInnkhé masenefopristvng casdadnéiepyPyet? TadeO™m he

quantity of consunption of the Y ink. Since the DY ppk contains the dyes
of cyan and Reddrtxlaghe fog@magfopet B?‘eiqﬂgsaf"’%zigatgb‘? égs F%%rgét?;r}%rgi es

of consumptign, of 16 s Ik AR LhenlMhL e dHhe. yhe BT ihe % lkdhus

enabl es all er c i'nks to consuned in a relatively equal

manner and dephdabl w o edHeess thkeyfreguenty ohe reptaceasit of Lahednksk,
cartridge. The DY ink nay be kept together with the LC ink and the LMi nk

in the same cj nk card vi.dget Jhi stermbleeshomghdc shait the oty athdhenPY
cartridge including the LC, LM and DY inks having %hg gr terk 94 27
Qct ober 1P006LnlyAER i4GeRtast (QsiREhest Wdik Fhe 4B5Fe°dell iﬁ i Nt egards t he

gradati.on patter nl.‘nf Ec Qprior art color printer using the six color inks,
c, M, ¥, X, LC, and LM, the quantities of consumption of the

Y, LC, and LM inks are greater than the quantities of
consumption of the C and M inks. As described previously, the

15 ¢, M, ¥, LC, and LM inks are often kept in one ink cartridge
43. According to images to be printed, the Y, L.C, 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

90 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

95 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 IM 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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red to black. The gradation pattern fromred to black is FetorBNo anpl e
of gradation patterns starting fromthe condition 5 that dots o on y two
color inks (in this exanple, the Y dots and the Mdots) have al ready been
formed. Simlar effects are thus naturally exerted in the case of printing
a gradation pattern fromgreen to black with replacenent of the Mdots
with the C dots and the LMdots with the LC dots. The effects of 10
varying the quaptkties gF LRgsexgRidye and the magenta dye added to the DY
ink will be described later. C2. Gadation Pattern from Magenta to Bl ack
Fi gs. 26A, 26B, anth2&®showesesvbtsonfregjardlsatine/ graaeipuhaidtarref ke dot
recording ratio with regard to each color. 1.5 ink in the case of printing
a gradation pattee ®lackm ndjerdzadatinmektierh fhen geldoEo prianfeds2onby t he
enbodi nent. The -conditions set for the sinulative conputation are, .
Cdent 1 cal whhEHED Ebrith (oG tSBAPROFoEE SN TS G0t SR R aHsE o
pattern fgom I 1Kl result sthe i tive
comput at igonr%vlfltgli‘%I %ﬁteg[ggé:g]gtl?l igvrzotzﬁcgl(?:]gg\gﬁ{ostf Q?ﬁegﬁyp%i%%ﬁpglé&agérg I?laé\E/ElE’lénsgl t he
restriction ghditde siudyteptrlvd 812208y bddrfo2aBashmEnilg eesubts ofe t he
simul ati ve conputation wthout the DY dots in the case of the printing
paper havi ngthusengbsraityi enedfed nkndbihg egsel of o ROYANFigy. g2 IoWs t he
25 results of the sinulative conputation without the DY dots iin, the_case
of the pri nUPRbEBEDAT HAGF RGP ooy BOFITCH GROOFCPRRLE @ik YhEJLAPLE 38006 As
shown in Fig; addk t dat,l : _ ent o ptacks Jde dot
recordi ng ra%‘?%?o‘jfdt?shg}hﬁcgc&i%t ?Maﬁgtgg‘gi%n%% gb@erd%gg% ﬁ%%]ee% dotsc{g‘que
gradual 1Y i neaepseg theapadhel t1dd baltisd ayen [@ylReany ahuanfe3% afe tdiied
abscissa) in which the Mdots have a dot

to the DY ink will be described later.

Grada

Figs. 26A, 26B, and 26C show results of simulative

computation of the dot recording ratiowith 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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recording ratio of 100% According to the condition 4 rren£}8 0
preV| ously, the dots of the LCink are equivalent 5 to 1/4 do 12%1 C
.nk. The rate of increase in dot recording ratio of the LC dots is thus
four times the rate of increase in dot recording ratio of the Y dots. Wen
the dot recording ratios of the LC dots and the Y dots increase and the
sumof the dot recording ratios of the Mdots, the Y dots, and the 1.0 LC
dots reach thasg gsdststarengobdiaklduingreasplidateoenthofintheal G idotes (Wiheh t he
DY dots is comenced. After the perfect replacenent of all the Y dgt&s W th

the DY dots, viadpleacdndrit onoftheha Eelaéﬁé Wt ide @%I&‘E sdqfss &éveAc

According to the esults _of t | at i,.on s Qun i

- formation ofreﬁ?rt‘{}élgc HoEEC st rtibg}I thg‘c\?é)l =St a%o tP]hon 4
absci ssa. elaegr%%\shgw Yenbhgo Y éf‘ktlfé)'ﬂ@'l@ﬁ; tali% @@H@Qa@eh% of
the LM i nk am?the LC formation of the DY dots is equivalent to

f or mat i onsof ttoh‘e/smmuﬁhﬂre afirtthe I’hedodtse afdinddwadeCidoist fseertiing

condition 6 nentioned above) . The increase 20 in dot recording ratio of
the DY dots er@ééuodpﬁgtyedb@r%fs%sls fthe S8 PUF e HRRF nighe dtaté 6Ff LRETRAESt s

d d t.h t f t f
o hetdor®, aephEethral S i b LR PigeaR Blublf tdiokt: riRGRakhg Sum

restriction ofilik getynefor r@éﬂsoraxﬁ‘ th%5yt@§té< Al fed e ca@ma@egum of
According to the results of the simulation shown in Fig. 26A, the formation

of the K dot $hst abtsreabribhagvabteoeofofbicd M@aten tthe dbsotssaandhthe
increase in dot recording ratio of the K dots decreases the dot recordl ng
ratios oiOthéf‘OiOM IéﬁrﬂﬂDYh@oF@Stmcth@nqunapks‘ti‘é@é I%ﬁﬂl;ﬁcte’r‘f@ntQQ othe

ot ber 2005, NS e LRETRY Bkl S eBoRRdn Aes oo HBRe Lot

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 L.C dots (see the condition 6 mentioned above). The increase

20 in dot recording ratio of the DY dots accordingly decreases

the dot recording ratio of the M dots and reduces the rate of
increase in formation of the C dots.

When the sum of the dot recording ratios of the C, M,

and DY dots reaches the restriction of ink duty, formation of

25 the K dots is commenced. According to the results of the

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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paper is a gradation pattern having the hues gently chanm&gca fro?(‘?]d%agenta
to black. 5 Wile Fig. 26A shows the results of the siml HORET the DY
dots, Fig. 26B shows the results of the simulative conputation of the dot
recording ratio with regard to each color 1ink in the case of printing a
gradation pattern fromnmagenta to black wi thout the DY dots on the
printing paper having the 10 restriction of ink duty equal to 220%
Conpared witk @bescase foinhdthe DYeddts sbownding Fati@eAk 1dD% hewsse

wi thout the DY dots shown in Fig. 26B, the formation of the C dots is
conmenced at ' BHeCS[ i g% a?P?eFeFPHhﬁgaﬁ‘i‘amctr?éi iIPgeRaPP o ORI He ¥ dot s

i's commenced_at the SI nla;ilacga%lb% ?9%% el{aJ '%%e ﬁ§e§t ‘f‘*ﬂﬂ ér%%dcﬁrdmt' on

of the K dot®&t*t rae %o e abscr ss e results
of the si nuli_algd)rpr}n§ i o didkx 26B dr astl cally worsens the granularity of
the resulting prin ed i mage. In other words, the use of the DY dots
significantly inprinigs Fiig.geanwlarwd rhef résel tel tthagszfﬁ)ubattmredfiit‘ﬂﬂage
The inprovenment in granularity is attained by the fact that the DY i nk
cont ai ns thetft%/afPlegétﬁndF%ﬁe rAfefibavsdyee F‘@?Hé??oﬁfofthtehegw

equi val ent Lo, Lor It ano8lenC8LE LR gaNLI 1 a% ol it b grﬁososeggﬁcwgohﬂ dot s

t hat correspoﬁrﬁJ Eont acere of t

with 25 the ¥ dof %hlencasgh@ﬂ ﬁ{ c#faogrgziatmbﬁ paPrdhe iganhaentg the
val ue of about 75% on the absm ssa) decreases the dot recording ratios of

the Mdots andbilhekCrdoheut Tihes D¥hdoteson aizeprantingrgeperf dvauing the
restriction of ink duty and thereby delays the timng of startin

th
formati 6A offasieiictdsrsof gk dptycedart t?oé?so ¥ As Cd’é‘?@r eyt BB e gF‘ﬁ@euse

of the DY dofis,siqnl GoantLy 8V Ea Pegl ! 5009 8 A0 RRCLer ERLi on of

DY dots shown in Fig. 26B, the formation of the C dots 1is
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 603
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
95 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 timng of starting the formation of t C(‘ dogéqa Thi s
results in a significant inprovenent in 5 granularity. If h%C?S%?r ots that
start formation at a relatively early timng are conspi cuous, the
granularity of the resulting printed image is not actually inproved. The
conspi cuousness of the DY dots is thus a key factor. As described
previously, the DY ink includes the conponents of 1.0 the LMink, the LC

ink, and the Y i nkﬁ%?ff?e%ctlbﬁ]ecé)%%iogfiegnﬂg%éj{(gg%ngjf#gleed?ﬁb@a/tes} siYhepithgtdot s of

the DY ink are for € magent'a rou e conponent of the LM

I nk includeds.hn %h%@%imé %1 BEARSRhGUONS RpaldSiorn be baskydotedandhe
dots of the ot i%ely i nk conponents, that I's, the LC dots and the 15 Y dots,

are not so censpheugudeiaythehaagintag bat kgraunichg ther dermetien ehet®Y dots
is substantially equivalent to formation of the LC dots and the Y dots in
an overl appi By denser. Thie d6s§ldE bbhh & helgeifhka%hd 1 HF VSR “ar €™ not

so conspicuous as the dots_ of the i nk,and.t he I kK. .on gf L he DY
20 dots i tﬁéaﬁﬁ‘d@ﬁﬂéyback]gfoﬁha enagf:sadcrhealqat%% y éfggf“g@%?ﬁl r?g: %hus

does not signifii.¢apLhy wWOrsen: {hen gr anal sWridpicddud hanecagsanalaptintofg a,
gradation pa F%rhgipr‘o‘ rragegta to %I ack, the use of the DY dots desirably
del ays the titgengesafl tshar brigtetihamhgenisi oo tofctthelCydémpranddt hel ke dot s

and thus significantly 25 i nproves the aranul.ari.ty of the rgsul ting fri nt ed
i mage. Fi g. ce8Epshungsnhesr esultthe diY ¢ fetsi il &PFFe T dFpltEIT O - of 2T he

dot recording ratio with regard to, each, col.or. | ' e réating
a gradation P&FCELReHr BREWEGRALE: t BbI % klnk\'/\,iJtnh('ﬂ'glléltdle’?DL hgh%chgI?gng{l]tfh%ﬁ

pri nting, apen NRK! Ay NEnECEE! ikl OBna98nd7yOhRDEEe800Re bndnkishuty
equal to 260% The results of the sinulative conputation shown in Fig. 26C

are conpar edméhthohbBasgbsti®yn 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

15 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

20 dots in the magenta background even at arelatively early timing

thus does not significantly worsen the granularity. In the

case of printing a gradation pattern from magenta to black,

the use of the DY dots desirably delays the timings of starting

the formation of the C dots and the K dots and thus significantly

925 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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in Fig. 26A. The timngs of starting the formation of the & -dats,and the K
dots in the case of. Fig. 26C are alnost the sane 5 as those in tﬁe case of
Fig. 26A. Wien a gradation pattern frommagenta to black is printed,
substantially simlar effects of inprovenent in picture quality 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 wi_t houyt e DY dats _on the printin er hayj ng 1
restriction O5f Ji"ﬁ‘k %&3@ ee‘aﬂag'i % %%g% h%hﬁ%ﬁg‘?nstﬂg %ggufﬁgglgpﬁe
simul ations i3.51,95+i88AsnosfBin Ry 2656 ¢ 1dkd RS OkviRh BhbBE 8hown
gradation patc?glglﬁg'?;tém ﬁaaent antog%l ack, the use of th(-;T DY dots
effectively pheregt s248. t hegramihnagisi by &tant bed nichevicaenad candft hbee@y
inproves the picture quality of the resulting printed inage. Another

ef fect of usidngstaed Pe Kkdoss dadbee mpashefoiiani iA6Carefalidifs (st F RS of

the Y in the LC ink, and the LM jink, The abo results _of .the sjipulations
suggest the B8a§BOS201Bf t?ﬁecﬁeiﬁéhﬁ%' tyﬁﬁeA cad8e8f SpPrREFRGCR %?gg% Iﬁlon

pattern fr Oﬂgﬁ%ﬁ?e?xttaotg!bﬁ%%k iﬁ%ri%é@t is@%s@an@@hil‘,{)’i éiri’nj:[lm% foéé‘{(s

starts prior't ormation of dots with the Cink and after the
formation of pdotgpbidmdiie i paktufbegqidiitk di@saathiiredclosdet cheetdfit of
the Y ink anong the three basic color inks, 25 C, M and Y. The dots of the
Mink have bpemntiegteidithnthevBhc@otsooexpheserinelihgecPpefrelRphtdd tfere is

oo et SUanEL oMo LT SRR 08 Se 05895 pd 6 B LKy L LDR RRSS O
D AP 4olnsh s p 8P SFLAbE M0, Ssar bl MmO RS
the three basicigpl @ity 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
picture 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. 1In the case of printing a gradation pattern from

magenta to black, formation of the dots with the DY ink starts
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inks, C M and Y. It can thus be thought that the dots of DY.lnk are
created together with the dots of the LC ink. 5 The above %Yeé‘ggqebg?dgn
regards the gradation pattern from magenta to black as an exanpl e of
gradation patterns starting fromthe condition that dots of only one
color, ink have already been fornmed. Simlar effects are thus naturally
exerted in the case of printing a gradation pattern fromcyan or yellow

1.0 to black r . of th i do t dot s.
C-3. G adati o#%ttgfén%%q i%t g%t gog%g‘glgﬁ%ﬂgéé Lg;i,n%78?§%ﬁ%ﬁ(zg% sh;gosw
results of sigmht bY8ses0MItdt0BF0fNnd e idet ah&ePrdNgni-abi ®asv & Rkoiegard
to each color 15 ink in the case of printing a gradation pattern from
white to bl acknka t IC.t e coldrY .priint ean PRusfbé highardioditierit .thEhelots of
conditions set for the sinmulative conputation are identical with the

condi ti ons usé¥ Por inkeasPnoFaeted tt9atheymidd: tba dphetef e dih Add -t o

bl ack. Fig. 27A sh t.he resul f... the 20 sinul ative .conpu 1.0 1 th

t he DY dog s in the%\(}:\%saeb% e?ﬁ% C&'?)LPi%ﬁP Pnlbegpafgdesr lc%\%rr%i The n@%ﬁ?‘%@% %(J):\r%'}“of
ink duty equaladedt220%b1ddg-as?4B sPOWS14 R pealbt soRfpdthessidndkatrityag
computation w thout the DY dots in the case of the printing paper having

t he restri ctifoomothe ondlithyi cequbbt td»t220%orHiygon T showskthweve@blresdiyt s of
the sinmul ative conputation without the DY dots in the case of the printing
paper havi ngbeRd fesmedet | dHnbiar kEferis atudihuso n2doRA1AY SKEWRSAniRi g.
27A, in the case of printing a gradati.on. pattern fromwite t | ack
Format on of {PRecReotet L R 206937 Lefr BREF TR hae® RATPASY dots
gradual | ypi ngbepsssk fam the bkl §fatte M doWhiEt endot idrav erbers

fornmed. When the dot recording
Y dots.

C—3, gzra,da!;ign Patt n m . Bl
Figs. 27A, 27B, and 27C show results of simulative

computation of the dot recording ratiowith regard to each color

15 ink in the case of printing a gradation pattern from white to

black with the color printer 20 of the embodiment. The

conditions set for the simulative computation are identical

with the conditions used for the simulation of the gradation

pattern from red to black. Fig. 27A shows the results of the

20 simulative computation with the DY dots in the case of the

printing paper having the restriction of ink duty equal to 220%.

Fig. 27B shows the results of the simulative computation

without the DY dots in the case of the printing paper having

the restriction of ink duty 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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ratios of the LC dots and the LM dots approach to 100% r e of the
LC dots and the LM dots respectively with 5 the C dots andgfhgtgﬁmggéas IS
commenced. The DY ink contains the conponents of the LC ink and the LM ink
(see the condition 6 given previously). Replacenment of the Y dots with the
DY dots before the dot recording ratios of the LC dots and the LMdots
reach 1.00% thus effectively delays the timngs of 10 starting the

formation of the C dots and._the Mdots.. The delay _of the tining:

starting the $oFfaffhtot Ytﬁ%pig&&%?air}g %’%%Leﬁ%sotfgogetg?? éﬁ%ggrrgkée)gsatﬁe
dots nore inconspi cUOUS, aRdy s LHELEDYeo R SYBRES, T e aHH afdd rddsxm iy ng
worsened in the resulting printed inage. 15 Wth an increase in dot
recording ratigsied bhetBe Mc astls D¥ndotidie tihe doght appsoetht he ddly,
expressed on the  printing paper, is gradually |lowered to darker_ gray. Wen
the sum of tieplmtenaxiorad riger AEi 6atafanrthdhe L dghd THEPRKELFRBENESD t he
restrictiqgn of ink duty, forpatjon of the K dots is C e the
dot r_ecor%i ngth&atG 9t aflﬁetg’:g k/lg%ﬁ'l%l 194 cd)dlfr%encaerde' g%g u]ai I'lyr_{}ge%n?%genf At
the final stage, on nte?&sKo;goﬁée L enk UdPdnat e 9ot (seeoflh bt i@ of

1. 000. The resué[tl n printed i mage on the printing nediumis a gradation
pattern haviggytsen gatori@antd)y. chapghagménomndhitie Y aldisacki ti2EHEhSY

results of the sinulation in the case with the DY dots shown in Fig. 27A
are conpar ed duitsh hefforee et siodf rererdinguration ¢h e kath @uttHehe DY

ot s SO | B B Tl P R BB B HRLBY ARl ataksyy e
Qct ober 2906 sﬁ%é e %%ﬂmgfpfﬁé/icogéké/’anﬁ"'@hp\{d hBk sCoNtrad B 1kRe
conmponent's of e |nE, the LMink, and the Y ink. Replacenent _
of the timings of starting the formation of the C dots and the
M dots de"s:i,‘rably 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 eéxpressed 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 1is

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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of the Y dots with the DY dots thus reduces the formation :?;o tgbrg;z dot s
and the Mdots. This gives a certain margin for 5 the restfiction-or ink
duty and thereby delays the timng of starting the formation of K dots. In
the case of printing a gradation pattern fromwhite to black, the use of
the DY dots desirably delays the timngs of starting formation of the C
dots and the Mdots and starting 10 formati on of the K dots, thereby

preventing the granul arit f.rom_bei ng .wor sened.,and..j oV, ng.. picture
quality of ¢ fEndi g2 gnt i6n§¥eﬁlrf1'lﬁtn&§l a%?%é.o . %ﬂ’? g?%mr%‘{}% héé&?teésﬁ? Sttt he
simulative c | L tidiherPY 19pi sk | Anling£asexal kbg1AEeMA N
paper havi ng8%§B?%g‘8r§§sﬁ$gg?oﬁﬁ}% tiizl?nl?, duty (Ialqual, to 260%§As clearly
under st ood f pemfhey CpAkiiSen thet DEedot Hethes Wadicefs Ehg. £87Eataod ¢he

results of Fig. 27A, the C dots and the K dots start fornmation at
subst anti al | yhehé €ahe &ndi blgs. M|drthe Thds GLVeSr AnEPR§AR gFABAET oFPT

pattern fromwhite to, bl ack, the 2Q inproyenent .in pi.ctur ual | byet he
use of the DYPBOFESFELCHHRR %‘{Jt}%%’l“itgl ?9gi§§erﬁ?bc%ld%vﬁatyh t%ﬁg ?%%‘%%%e%%nt in
picture quality.by_ changi : b rg cid@n of ink duty set for the
printing pap%lrcgﬁgﬁgzgg&%gg%g%ﬂT e above results of the sinulations
suggest the usage 1251 dhe BY ppkntingtdheyrcateioh pritmerngfroyrddstd on

pattern fromwhite to black, the formation of dots with the DY ink starts
prior to thetédsimtk orthef udetef viilteh Dith@ote dend zakilx ke lpvisnkhRe THRELTSE i nk

has a hue cl osest to th_at of the Y ink n t h _thth e ,tbsaa' a5 'qus,
C, M and Y.ofHdadrimg FeRTaFabt¥ t%ﬁz"?gﬁ;’t tober ezlgd% W bﬁ Ef%etqg\# i nk
starts afdf ercthe fofgels %fﬁfx dQhs Wirhh LRe pYelBktidherHotgrafuthe dgy ink
are nore consplcuous than the
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
gquality 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
95 of the DY ink. In 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
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dots of the Y ink. Formation of the dots of the DY ink in Aot Vel appi ng
manner on the dots of the Y ink gives a printed 5 i nage of ™ hi g?'n picture
quality with | ess conspi cuousness of dots. The dots of the DY ink nay,
however, be formed in place of the dots of the Y ink or simnultaneously
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 necessary to create

10 the DY dotgi i @k OrerlBpRitig tieareeroRhkheoYndotsn Myddfs dihesehe
arrangenments does not cause the DY dots to be nmade conspicuous and | ower
the picture dqualik.y &het AetresfilthaPY pmkneed nprgecoThpicgeudithdre e i nk
desirably reduces the 'total quantity of ink consunption. 15 There is

anot her suggeltioRTwthR Yefdfd FOHHE108agE bR 4Hes Y ithR. D¥nttheltdle of
printing a gr ade%qtsj::ag)rr]p[ig%[ ;ern%efrr %rrrll .tY\@I ?Stgoogl gﬁ%\ﬁ’%’h{r@%g@%}eosp aofpztil?)etfeqpt S

with the DY i% er “or “sinul taneousl ormatiron of dots
with the 5LC g8 ntilk® pMidke qlBe1i DY with 18ss 8ohYBi6h6868EsE @ ftdwds 20 of
the Y ink anong the three basic color 1nks, C, M and Y. It can thus be

t hought that TtHeeddatsobdftieh®YDYnk mkasar dowesatredbe tiogeidierinwp i &aice ef dbes of
the LC ink and the dots of the LM ink. The_sinul ations discussed above aim
at preventi ngxiseof 2hei&t ek AasiBHLIERNLABS §¥ dhtitatPeydahd Atnphrevi AgKt he

pLotine sy Bt DE, FREhE 0% PR T 0RaelEtuA ot o, BT 86"
conspi cuousngss @& €nkhus sakent iMelYy £f 63 6hufhdtORRceBSaERCLE bEchle
problemin granularity, however, the replacenent 103 27 Cctober 2006 of
the LC dbvds wihiehDith@o€sdahsant heekMagptsgwnaiméheoM ot s dodred t AByYodot s
with the DY dots may be commenced at the earlier
these drrangements 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 improviﬁg 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

asthereiszu>problaningranularity,however,thereplacement
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timngs than those discussed in the sinulations. This mkeﬁo&&%r?@sms of
starting formation of the C dots, the Mdots, 5 the DY dots, an e K dots
closer to the value of 0% on the abscissa. According to the condition 6

gi ven above, it is possible to replace the sane quantities of the Y dots,
the LC dots, and the LMdots with the DY dots. The replacenent with the
DY dots at the earlier timng thus favorably reduces the 10 total quantity
of ink consumpt itans Ith@oisewdknt bre QY dotks githes Landbmageioh tiet tierdots,
granularity wunder the condition of a fixed quantity of total ink
consunpti on ard phienY sicdrs wishetlod D¥qEP Valman bpi carirenefbkpitt Yheisar ld 8ess
quantity of total, ink consunption. The_appropriate. setting can _thus be
sel ected for THENED 10RY ABOBY FhREDAZLY Jdﬁ eSl"BPﬂ'ng‘f’ﬂ}stol@HS DIEE

€ picture
quality, the .priority bt ¥nof e 1108 &b A K CORSURPIELRE, Or
the conpati biqq'}et SPOC} ts‘t &fteggaﬁgﬁgf ggg{ﬂéﬂé&n Lf)zlfescr% bed above, the Sse of
the DY ink i myOWRS doithe a3@ ghanuladtd \&1oskirc komayebeaos sehark oy tthe
conspi cuousness of the cyan dots, the magenta dots, or the black dots in a
gradation pahssrissa t Aecomddow apeiheDapkdéyaAn| Ak IANGNdAPRVARgdht &S nk
may al so be used for the dark ink. Like the dark yellow in t hese rk

i nks have 2997 bF &€t EeB%a??rpt:}tﬁ/isﬁ‘@ep ﬁ‘éa’éFhﬁh‘T’%ﬁ% }%@ageédt(‘)sh’ '?C ?fee. qrr'grgi n
for the restijld OBl hlkyfuor ANdLAMAMDGY BB Lkt Ahne Qe daer wiitk
consunpti on. e ‘use o he dark cyan ink inproves the granularity, which
is worsened hyd he Mekboxt dois «and ithe tifmggntieusaisroSivliy arldncelse thee of

the dark magenta ink 104 27 QOctober 2006 inproves the granularity, which

i s worseh@d lyptielile gpelnltdwydoffs inkndonhampyaendots. The yel | ow dots having a

hi gh i ght ness i ) ) B

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 quality with a less
quantity of total ink consumption. The appropriate setting

15 can thus be selected for the use of the DY ink based on the
priority to the picture 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

20 granularity, which may be worsened by the conspicuousness of
the cyan dots, the magenta dots, or the black dotsina 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

95 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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are, however, originally inconspicuous and are not the mai fac of the
wor sened granularity. The use of the dark cyan 5 ink thus &n%?t?ﬁf é&hﬁe

wor sened granularity mainly due to the magenta dots. Simlarly the use of
the dark magenta ink inproves the worsened granularity nmainly due to the
cyan dots. The use of the dark yellow ink, on the other hand, inproves
the worsened granularity due to both the cyan dots and the 10 nagenta dots,
and is thus negtoebieehs wrantherdark yeitowd wkrsbazéng the wellowddye as
the main conponent is |ess inconspicuous than the dark cyan ink or, the
dar k magent aandk theFogant Betei eviPug rite bfou Mo isrpreovied §r ddghalighPineRé use
of the dark yellowink is npst desirable. 1,5 C4 | icati ntgo. -P:r.LBnter
with Four CoP&E-:| RRYCTRE - aBBYELURELY | PEFOMSREYLI S F'ife %81 88 s “6F Phe use
of the DY ink in_t £0 ri . j Sim¥, .C I K,
LC, and LM %ﬁgtﬁge&gf%%goﬁge%%tg,egﬁgagggﬁ “ 5<er?thse BIts%eogi m | grﬁrg%gg?s in

the col ors prijpikeEndsi NEp Pt s the fewsed@acgranuiakstE,mdnly dardtK and t he
color printer using only the three color inks C, Mand Y. Figs. 28A  28B,
and 28C shownrgsukts doftssi mfiatilensyf othe conéi P iget aws freadantss iRk use

of the DY ink in the case of printing a gradation pattern fromred. to
bl ack with tRBPEBVEF %HPFﬁﬁéﬁdﬁ%%cﬁﬂ-ﬁtﬁf H‘é‘lf‘gﬁr&)%eoltSr&?%l?ga& gR)FSY, and
K. Fig. 28A.shows_ the resu Sidlati ve cerputatLeny9f gt hendebves
recordi ng rgg'ﬁ% Vms?hof‘eglge?d‘k%%{ %%%%I%rﬂ’i E’I? ?‘n t he case of prllgﬁti ng with
the DY dots @petPErRELBE ﬁgaﬂap@fib@va@g tBepotesthé ctyonm @bt ndndutlye equal
to 220% Fig. 28B shows the 105 27 Cctober 2006 results of sinulative
conput atilon migéhea dbits eeoddi nghust nostwifeatdyar-d Theetatk gelépPvwitKkin
t he case of gri nting wthout . o

aving the vyellow dye as the main component 1s 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 ¢-4. Application to Printer with Four Color Inks

The above description regards the effects of the use of
the DY ink in the color printer using the six color inks C,
M, Y, K, LC, and LM. The use of the DY ink, however, exerts
the similar effects in the color printer using only the four

920 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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the DY dots on the printing paper having the restriction of _.ink ty
equal to 220% Fig. 28C shows the results of 5 sinulative @o%?ﬁeé?&%n 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 follow ng effects are expected fromthe
results of 1.0 the sinmulative conputation shown in Fig. 28A. In the col or

printer using.onld e LouIOLor LOKSeSENGE dMerECalDK:Loo. ity Uagd, 1t

is required to star ration of, S at an ear

di scussed prayiQUseyarihtc G4t SJidedr iR e Qo robr Pii oY Wikt te
rat her conspi cuous and 15 significantly worsen the granularity. In the case

with the uselsf theotbYonnkhaspshowngnp&pgr R8Ang hethe alegrt fctrieeh o
gradual I'y darkened by replacing the Y dots with the DY dots. The
conspi cuousned¥ ofutheeBadotls® f d2fRd | Fihe #2¢ BROKGr dliRd TeFeles Péw as

that of the LC dats.. The repl acenent the. Y 20 ts with the DY t hus
oot pot - or SorTiak g EhEREAEEOR Ne The) 38 LAy Mubho IEDLAgER | 1

Y dots With theeaB¥ d016r ik 1i% EBAUELEE 40 pHiRRli@t BethodPlthe DREdOLS
formation of the DY dots has already | owered the |'ightness of the col or
‘'red' to sonmenekberdri(ttordpapakueawin@libet r@s5tOicoion o€ absdwsagqualb
Formation of the C dots thus does not significantly |ower the granularity.
The use of tHR® B¥ORnk del ays the tinming of starting formation of the C

dots and thereby ig}%r oyes, t he %rfa%t;ltari ty. | ne(thié )irl rrul,t%tei vgsﬁg‘rg?u(t)gti on,
since the DY ink contaffs “oe S 5hEF "2808°Ct i o%onen SE0) he™ Y
ink, the;$C icak a3agluihe: LM EBkpEEELi ok Nen&ANdiL iy 6 Bavenabens) colbs
formati on of the DY dots
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. 28A, 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 Mdots. This gives %)ch%ain
margin for the restriction of ink duty and del ays 5 the titfi g8t “€Parting
formation of the K dots, thus preventing the granularity from being

wor sened. As clearly understood fromthe conparison between the results of
the sinulative conmputation with the DY ink shown in Fig. 28A and the
results of the sinulative conputation without the DY ink shown in Fig. 10

28B, the use @Le the R ddts $ironihbi eanhky dgbays the ddaring o isikarisierg
formation of the K dots fromthe value of about 250 on the abscissa to the

val ue of abouwhe’Z%ndlMii®nTEans vedmatabdvied ,ugd@eofformatbyni pif taraPRaBofs

prevents the granularity from being worsened. 15 Fkﬂ; 28C Sq¥ﬁ§ t he
results of trhEearienses ithe EokpheabTdd iiadhicurh fheedt #akSi n THE aYE50f

h [ th trigti f._ 1.nk for. intifNg f 220%
[0 200% As. bIBRAY PuRBEPLOBHTT PO TRE BRGArT <on Bot uaet Arg CS8R7and

Fig. 28C, ?’t hec:ﬂe”fiﬁfx?& dNsE 85t Lh§lHg@math onndr dubyk deltay stiile p2@venming of
starting formation of "the K dots. The conpari son between Fig. 28A and Fig.
28C, however thehewanifatritthe febfhebtsngavdasared by Asncileagiliygupferstood

restriction of ink duty are less than the effects attained bé tge,use of
the DY ink. Eveom ithe (¢rRAEEVT RHGAT nthh gt pRpkrs habi hfet RA™P&EEFTEt i on

f ink 25 dut ... to 260%. the C d ul dostagg,f '
Val ug of 0% GRTERAEHEE YERY b s Rr TREE it £ 2Phic Bt oot Rar hand,

del ays the tijd nge of; sl chAbAREE 98n of 1 dMtCtnd s iha shewy anieigf
about 25% on the abscissa. As described previously, cyan is conpl enentary

to red. The Gs®#Qt sharesd s the. DY Dk Cdignddric2008y datfies tdendpiménsustin
the red background, althougb the degree of conspicuousness s no% Eg%high
as that of tis&axtdogsformation of the K dots from the value of abou

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 2203 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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del ayed timng of starting formation of the C dots to the eti - 9fpedbout
25% on the abscissa by the use of the DY ink thus 5 signifi can? y i nproves
the granularity in the bright: area (that 1is, the highlighted area). As
descri bed above, in the process of printing a gradation pattern fromred
to black, the change to the printing paper having the higher restriction
of ink duty inproves the 1.0 picture quality only in the shadow area (that
is, the arearshawirngohasgeuyas uas tas the vabseirssa)i,. aThieougke tofe GheTB¥ i nk
on the other hand, inproves the picture quality over the whole ran e from
the hi ghl i ghbédcanepi taothreshatowcdr 6. hEals. anFHiEtcati Bheth dorisnt eF B t h

Three--Color Inks 1.5 Figs.29A and, 29B sho .t he f

conmput at i on idﬁltaﬁédc*ajs’%:ub‘? Ofr FHET W% fé’Fﬁ‘ £PBr° %gﬁfeegr: rsﬁlof‘)cr o}?ré %6{75}{?8
black with th LNLAr (Yl BkYat B8 CheMis@Nds ¥nbnke 2k BREsUSI Ng
t he K ink. ?I Pﬁe%bl %gktﬂg %rsg e%%r egsedebyst he K ink, the 'black’

col or ex%esgg n@Y.léagelfj%i@ﬂ!ﬁidspﬂh@fgrtahﬁlgrlw santhe/birnlyh tdoes obahave a
sufficiently ow | i ght ness and gives an inpression of dimess. In the case
of printing tike ‘tbeabkghtdpbredi eheehe C, M and Y inks, all the C dots,

the Mdots, and the Y dots shoul d have dot recordin ng ratj osrgf tg.L QQ% ,Fig.
29A shows the resubfs AP nBPATFve 185 RPPEERGTSS o tﬁ’e d6t "Pecdr di ng

ratio with reaard, g, Gagh ool obonl i k9 ik SLAL@nalite Foiml by ot

recordi ng raf f espective co s naturally exceeds the

restriction gf bpknadiihy trandiguelr sektingsioh éhemodutegcondirogesathos are
not practical. In other words, only the di mblack color can be 108 27
Cct ober PD06piekpresgedlbyyt helzohortpelﬁh@dowsﬁm@ath@f@hﬂe‘é cehora¥eks, as

| ong as the practical dot recording ratios, ar se by taki
J ga‘ving large values on ghe abscissa I[‘heyuse of_r'Qhe DY ink,

on the other hand, improves the picture quality over the whole
range from the highlighted area to the shadow area.

C-5. Application to Printer with Three Color Inks

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

920 combination of the C, M, and Y inks does not have a sufficiently
low lightness and gives an impression of dimness. In the case
of printing the 'black' color with the C, M, and Y inks, all
the C dots, the M dots, and the Y dots should have dot recording
ratios of 100%. Fig. 29A shows the results of the simulative

25 computation of the dot recording ratio with regard to each color
ink in this state. The sum of the dot recording ratios of the
respective color inks naturally exceeds the 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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into account the restriction of ink duty. Fig. 29B shows t resu of the
sinmul ative conputation 5 of the dot recording ratio with Qﬁ%%&ﬁ"%%%each
ink in the case of using the DY dots in addition to the C M and Y dots.
In this simulative conputation, since the DY ink contains the conponents
of the LCink, the LMink, and the Y ink (see the condition 6 given
previously) , replacenent of the Y dots with 10 the DY dots desirably
decreases the dot recordLn% ratios of the C dots and the Mdofs. The use
of the DY dot¥PERTDIUIIGIY® ENadF S5 tHETeRFrBIstith O ShECL8F ot 2o 23
sufficiently. lac : t Yol .+ ~d0L . Lecor di rati,0S are
set by takiﬁgﬁhfﬁ%hqggbgﬁﬁ?¥$ggwfgggr%%ﬁé%ﬁ?%%gﬁa%ﬁogu%§% %?%quqggg%ﬁ?bed
above, the userdfaddwY ik wnahliesildhe ofexpkessign of the col or of
sufficiently, clear black even wthout the K ink. The use of the DY ink
i nstead of the K iFik. @aBurlesis hbe asgsddsi of tdfe shmutalbye sompufthitdioant |y
clear, blLack _and enables the inmage of. high picture al.ity to be printed

b : Focbrd) FRee i poin i

20 with Phe Tolt8f PPFMtTOLSIHG TEREOr BT CH9%6F % RRLED MY At *R%&nd i n
the color prigten USkRg hPeastX G0LAG ciBKS ONGIAIY NG, LhE +Qqd Lihi nks
in addition to the~above tour color 1nks. n the prior art color printer
using the fawis Gal@1dtike Pomptation,Celidtel Rk, DIt taghwentaohst el nk
cartridge for, the 25 DY ink in place of the ink cartridge for the K ink
with the regupoedndseodt tbaslCfork extdepld inkw andnghe he ipki dsee @hever
to a special printer driver for the DY ink, enables fornmation of t@g DY
dots and pridPSiddoPnadel vin REGHIgNEHY e GRS nOfuliPfigh ods Wi
suft1c1 891! ¥ngl 97 aBlACKaC0MOhy y 1090 2da bl BRI %ot alRBCELRED: A0PVE
with the results of the sinulatfve conputation, the use of “the in
enhances thenhdedr&$:$fand 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.

15 As described above, the use of the DY ink enables the
expression of the color of sufficiently clear black even
without the K ink. The use of the DY ink instead of the K ink
ensures the expression of the color of sufficiently ¢lear black
and enables the image of high picture qguality to be printed

20 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

25 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 quality

including the sufficiently clear black color.
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freedomin dot formation and thus inproves the picture qualiéé under a
variety of printing conditions. The enhanced degree 5 of f R W h t he
use of the DY ink enables inages of low |ightness but high saturation to
be printed adequately. In nany 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 col.or expressed on the printing paper to be closer, to the desired
color. In the siniiatdvecchmpltaidon witde Fssedeahdie, ofhehpysipplative

satisfying the above condition 6 was used as the DY ink. _.This DY ink.is
simlar to tREMPYEAfARDshERA PRCFPS. tHREDPYTHE 5?%%&?%ﬁszﬁﬁﬁré§9ﬁi?i%i
simlar to the DY2 .ink al 1eSd A fg ;&% gk JSe

bel ow. Basedggﬁeéﬁ%:¥h§8?y§§?§suL%?g%gsvgﬁ%gkkgﬁg%%fgg%?ggs? ??H?éﬁgésuned

that the K ipkals garimvalentort priheiagnbbmat t oons of Thdeshhaatedudagidd es of
the Cink, the Mink, and the Y ink. 20 According to the above conditions 4

through & ibfisrébdoghtith hidte tdee DY itile DY dpkacReblby HBgey A 40w
quantities of the Cink and the Mink to th% Y ink,t ginge thgeg in&ﬂss
equi val ent 139REReeD B hattEh FHEFRNMITCHO PGuBitPttEs 2P Re®T i nK." t he

S

M i nk, dthe Y ink, the DY-1nk.i j 2 4
qugﬂtitsnof T%%YYégﬁisangh%;%é%%%% i%%ﬂg@ﬁ%ﬁéqﬁﬁfg%gﬁa %gﬁgﬁ?fﬁhgig%{ained

is simlar tonihes BEdude sRoMRe irdskirdctibdbor T ahitgct sTideseri b2debove
with the DY ink  under the above conditions are thus also exerted by the
DY2 ink. |n bhenkcteniepes rihienge opetationoftink dondi andiherabyei@blpro 27
Cct ober 2006 K ink is equivalent to the conbination of ideEticaItqqgﬂgities
of the GO nktheolgy srRpPrafgethen s PListisg BePPELYS BRUFf PRPEJEC

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 DY1 ink shown in Fig. 14D. The

15 wuse 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 quantities of the C ink, the M ink, and the Y ink.

90 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 gquantities 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

110



The DY2 ink is, however, expected to have the qualitativel Si m'Ig(%3t
effects to those of the DYl ink. The DY3 ink having 5 the g%BﬂPtfelrg ly

di fferent spectroscopic characteristics in the area of the |ow sensitivity
of vision to the color may also be used as the DY ink. The sinulative
conput ati on di scussed above is carried out under the condition 6 that the
DY ink is equivalent to the 10 ink including the identical quantities of
the LCink and the LMink in addition to the Y ink. The rates of the LC ink
and the LM ihlﬁrﬂ;ddecqumdﬂeen\rﬁ tnktleg epmhdnevepn crﬁ)tidleeﬂir:iiét@tﬁfﬂbititﬁﬁ S

condition. As shown in Fig. the contents of the c gg; g t.he
magent a dye i fEltHded 1in|1f t%é @Yl?]ﬁkaé‘rdet%%ﬁfr% Sty S §18ﬁ qﬁlg‘r rledhe
contents of t Ie%g?’y;é‘ & %“dﬁo*az%&@geggcﬁ &g w%% %Aé‘ %}J&%Qam&a@ the

M ink, respec e ‘dantents yes Inc e DY ink are,

however, not ggsivTidctatbedtd tthi $h6QBPOSi thOMYIPOTK.bl enavply § i Dat irerv iRy
vary the contents of the cyan dye and the magenta, dye or change the ratio
20 of t he 5scyarhdalya gnd flilenrdgedt &F elyen t Hredeoseapd ci phantetenis thes dyes
included in the DY ink increases the lightness of the DY ink. In tagﬁ

case, startinghe ﬁ@ﬁ@a@fd?rlileoiOWF@WHd’PstYeﬁ?@ﬁ”isrﬂ-ct%@os?%ﬁf EOFPTIRE P Vel y

hi gh |ightness ‘%Ssh(f"tt S%r ejh te of a small value on the abscissa 25 in
the graphs of°¥ 75t oug * does not nmake the DY dots conspicuous,

thus not worsening rLtHées%\%'llaLt.a&bt Momiﬂi@atﬂ@ﬁe@_ﬁ@cué%d atrasseoofid hardyes
included in the DY ink, on the other hand, enables reduction of the

greater nunbens bhdletioé hemdialion 6ddtst liyxet b& frgr nwt egnivélent Py tdet s.

This accordingly enhances 111 27 Cctober 2006 the effects of inpro |ng
the grandPariink Basdgddnct hbe mdep b cabrauyand iitdss Pét FBR Bf Mk at:'l’@t)‘} &nd

saving the t%&?ll,nﬁuggt actigltlon 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 vary the
contents of the cyan dye and the magenta dye or change the ratio
20 of the cyan dye to the magenta dye.

The decrease in rates of the dyes included in the DY ink
increases the lightness of the DY ink. 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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of .ink consunption. The present invention is not restricted to the above
5 enbodi ment or its nodifications, but there may be many ofh@gtober 2006

nodi fications, changes, and alterations wi thout departing fromthe scope
or spirit of the main characteristics of the present invention. For
exanple, the software or application progranms that actualize the above
functions may be supplied 10 through a conmunication line to the main
menory of the syst. . e : Vi Ge e
and spi it of CERe B A O R R Tl e PR
appended cl ai g5y dHe R6tQGIabn 3806nk \WATY hSd Gt MDD thS: tdtaAnquarktity
cartridge detachably attached to a printing apparatus, which prints an

i mage with a efuiskitynefimpasér. col or inks, the plurality of basic color

i nks being conbined with one another to express achrom td' C cotl or, I;::ai d ink
cartridge keeping tThe RTFSeNht1TERIThe!d M oreoget%}‘% e 1S £RPVe
printing pa . d ink _cartri : rishing: d i |-

Phat keape tnares imSBlied A Foh e tOmR |y R g bRmAR Ry
regi on of |ighéaabsespisns, suhshgssi abhy iadestrb¢abnui th thivatt afepene: dasi ¢
color ink selected out of the plurality of basic color inks but a | ower
| i ght ness t haficemathefsadre o0 spdivddt of bhsi Batn| oharakterigitics gf the
wavel ength region of |ight absorption substantially identical VYIH'[ h 4 mai n
wavel engt h r & FEDY Jl’i"@ﬁ]ttlé’ﬁ’sorg??o%x?ﬁpja?' 1% Esfoéﬁvaﬁﬁeo%fap&' &P 184 ¢
color inks. 2. i tridge -i.n_acear wth ' i 4
dark ink haszpﬁ(g’%%pm%rt%aalrtgﬁ%gl%sl ’lgﬁedctggt %rﬁgﬁgoﬁﬁéﬁgﬁéﬁz&% ob}@ge bgts(a:ag
col or i nkpsel@gtadnputcdimidi®a o aihb ¥ Pthbasiie fehefy ioikshe Somph tiemk
cartridge in accordance with claim1, wherein the dark ink has a main
wavel engt h r egisorenf arr reostexsteroregl s talregebidryigeray in a visi bl e range,
which is 20 substantially identical with that of qne basic col qr, i.nk

sel ected out of t hérhﬁl SFaPe la?do?pb]é’s? 8f the present invention are limited

only by the terms of the appended claims.
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color inks, and a greater integral of |light absorptivity in a wavel ength
region of the visible range than that of the selected bas?cO@BW6FOth 4.
An ink cartridge in accordance with claim1, wherein the dark ink has: 113
27 Cctober 2006 (A) a characteristic wavel ength region for strongly
absorbing a ray in a visible range to mainly determ ne the hue of the dark
ink, which is substantially identical with a characteristic wavel ength
regi on of one basic color ink selected out of the plurality of basic color
i nks; .5 (BvmATESCIVEMEDGS: | i ght absorptivity that is greater than or
substantially identical with a mean value of |ight absorptivity of the

sel ected basic col or Apky Qdifig déf&ﬁaﬁ}ftaﬁédhéatocamﬁg Eﬁ&ﬁmg eo%an @its t he

dark ink; and (C a nmean val ue” of |gh absorptivity t IS grea er than a
mean val ue of . t|v the S [ o
wavel engt h ?%ﬁ%@ﬁ 113|§F%1 fﬁ% excg%g%Pﬁgngﬁggé% éP?%f#%¥R%5%|ength

regi on of the dark ink. 5. An ink cartrld e i.n accordanc th claim1i,
said ink caombinggdavith aneraetherde spTessiaghyomy g‘b%&li“e s mgcartpges g@pgmeren@ hat

keeps therein one basic color ink selected out 15 of the plurallty of
basi ¢ cof oratieaitsne g1k tahe supplicdiotspiddgatingappetsdisdance with claim 1, said ink
cartridge further conprising: a black ink reservoir that keeps therein

bl ack ink, whi chaidsniacdiridgatsmsprisiig: 20 has a | ow |ightness. 114 27 Cct ober
2006 7. An ink cartridge in accordance with claim1, said ink cartridge

further conprisi agk ifk kdseRbirithdt Ke8SEM¥RI a ldRAL inkeMR b BIKEhAVirt a Ing@$t one
i ght ink, which has a hue substantially identical with that of at |east

one basic K
one oA Omﬁf% Yook lsesih BF R Bk Rl Ao BUD IHEAL WA haRAIE AOL Bb1ok N>
ink selected out of the plurality of basic color inks but a lower lightness than that of the

10 selected basic color ink; and
a sub wavelength region of light absorption substantially identical with a main

wavelength region of light absorption of at least any one of other basic color inks.

2. An ink cartridge in accordance with claim 1, wherein the dark ink has
15 lower lightness and saturation than those of one basic color ink selected out of the

plurality of basic color inks.

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 1s

20  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 of the visible

range than that of the selected basic color mk.

4. An ink cartridge in accordance with claim 1, wherein the dark ink has:
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8. An ink cartridge in accordance with claim1, said ink cartridge further
conprising: 10 a basic color ink reservoir that keeps ther2t Qctolme 2D&si C
color ink selected out of the plurality of basic color inks; and a |ight
ink reservoir that keeps therein at |east one |light 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 |lower density than that of
the at | east one basic 15 color ink. 9. An ink cartridge detachably
attached to a printing apparatus, which prints an inmage with at |east one
ink, said ink car®i dg@cgaéﬁpmwtm\reéqrxgtlhfegn@aﬁxr steaglyi shgorbingbe rayuppki ed to
said printing apparatus, 20 said ink cartridge conprising: a dark yellow

i nk reser voi visibleatange ép sndifigr dsitermdar teylalel ofvhendarl: tible whick is webdtawiallpk

havi ng: 115 27 October 2006 (A) a characteristic wavelength region that is
nostly in a ideukhedighh dRanrgerfic 4A0:18M3th e dOP of bAd bide cSIBAIACIRLicAlduE

wavel ength region strongly absorbing a ray in a visible range to mainly

determne t fi: r w ink; and (B) a nean val ue of
5 BBt} BELARI 1L

absorptivity o e ray in the visible range except the 5 characteristic

wavel engt h regi ongWhich ranges §r. 0% 1.0, .60%.10. An.ink cartri.dge
det ac hab% y attac Rg& t & HEt Y%F? Réf‘%}&éﬁ%{?ﬁ?}y ?Lshgreegf:ri thed op U S#?Ebgl%(/m th at
| east one ink, said ink cartyidge keeping therein at | east one ink to be
suppl i ed t o dentigalyithe imegn yphys o4 dight abﬁ@pgaitmf the selgeted jbage celeninkiiaithey: a
dark yellow ink reservoir that keeps therein dark yellow ink, the dark
yel | ow i nk Ishatagigrist{cAyaeldngth iegionwddlek dank inkspeti fic range of | OR to LOGY
on a Munsell hue <circle; and 15 (B) a saturation of smaller than 3.5C on a
Minsel | chroma. 1Q) Aa rhedh vahie ofi liihe abkoi@bighhat iaptcaehathnt:omaarPvdlig dNY
apparatus, which

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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prints an image with at | east one ink, said ink cartridge keeping therein
at least one ink to be supplied to said printing apparat ug7 O26beabeb i nk
cartridge conprising: an yellow ink reservoir that keeps yellow ink
therein; and 116 27 Cctober 2006 a dark yellow ink reservoir that keeps
therein dark yellow ink, which has a |ower |ightness than that of the
yellow ink. 12. An ink reservoir in accordance with claim1l, wherein the
dark 5 yellow ink reservoir has a greater capacity than that of the yell ow
ink reservoir. 13. An ink cartridge detachably attached to a printing
appar at us, which ?prinﬁsHﬁhﬁﬁﬁﬂ@enmmmhﬂhnﬂiwégpkmﬁé,Bmﬁ}MQQWGMEﬁﬁﬂﬁmrtridge
keeping therein at |least one ink to be supplied to said printing
appar at us, I1fngaisthgi nk cartridge conprising: a black ink reservoir that
keeps therein black ink, which is achromatic and has a |ow |ightness; and

a dark yel | ow i nky (B8R RisbrvbiahatKRERShERE! &i1BasdBAK iYR! ihRW/hiBK ha¥dihGd has a
| ower |ightness than that of yellowink. 15 14. An ink cartridge detachably

attached to sﬁbs%h@ﬁl&g%%rﬁﬁcgg%?%&i%&f‘&%astpornif:rﬁa§itc%lér”ﬁﬁﬁs§1®tc5eﬁ &k drgpst one

i nk, said ink car erein at lTeast one 1 0 be supplied to

said printin aratus, said ink cartridge.c rising. 20 a dark,yellow
i nk reset voifW toﬁéaék?sc‘ﬁ?feﬁr‘& rl?uﬁéa‘?(w?feﬁﬁjq%éw %nfﬁ% th%@%@e@ggeaét OﬁlebR%St‘c

i ght ness than that of yellow ink; 117 27 Cctober 2006 a light cyan ink
reservoir talorikdeps therein |ight cyan ink, which has a |ower density

than that of cyan ink; and a |light magenta ink reservoir that keeps therein
| i ght nmagenta i nk, which has a |lower density than that of magenta i nk.

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 15. An ink cartridge detachably attached to a printing apparatus, which
prints an image with at |east one ink, said ink cartridge keegotwy20dterei n
at least one ink to be supplied to said printing apparatus, said ink
cartridge conprising: 10 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 15 density than that of
the cyan ink; a n@gentachakcteaser waivelengiatregierpbatnagentidy iimke thagelength and a
| i ght nagenta ink reservoir that keeps therein |ight magenta ink, which has

a | ower densiahye 6Ne00 #had 500 nhd) eha @SR tRiIstiO kaveBngih - re%:}@n btlﬂéﬁngft)aébsfdrlﬁiﬁg in
accordance with claim 15, wherein the dark yellow ink reservoir has a

greater capagl Xng*&?s'iblé ge% Tal?x‘?y&&é#nﬂiﬂ‘é{h@'ﬁué%?g Vdar ?'er%quojjvisgln%%@t ober 2006

17. An ink car ge 1 n accordance wth any one and clains 9
t hrough 16, sai d k cartridge Si n%] avst e devi ce that

stores i nfor mat | r edaldth 'ée aﬂ%bﬁf”ipfvﬁ%?’? ?I}?I{a}' o1 ’ﬁcﬁﬁ’é

reservoirs in a readable, witable, and volatile nanner 5 18. An i nk
cartridge irf hapetsFiginhwavalsneth reinaivieh ropges diom 550 do 69%r age 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
gquantity of ink in each of the ink reservoirs is stored. 10 19. An ink

supplier that feads a AuUMK yarefdge istadchabay attidhed a6 tar prilginrg S@athtug)kvhich
cartridge being detachably attached to a printing apparatus and keepi ng

therein at gash e ik m@&&t BYe Hi, galerlm%arﬂmg%%e}mg wﬁereﬁadtdeasmsne
suppl i er conprising: sealed I nk reservoir that keeps“an ink in a sealing

manner; and 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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an ink supply unit that feeds a supply of the sealed ink t id i
cartridge, 15 wherein the ink sealed in said sealed ink rggéa\(}%‘?rrzeﬁaas: (A

a characteristic wavel ength region that is nostly included in a wavel ength
range of 400 nmto 500 nm the characteristic wavelength region strongly
absorbing a ray in a visible range to mainly determ ne the hue of the ink;
and 20 (B) a nean val ue of absorptivity of the ray in the visible range
except the characteristic wavel ength region, which ranges from 10%to 60%
119 27 Cctober 2006 20. An ink supplier that feeds a supply of ink to an
ink cartridge, sabdaiknkelbay inki wepvoieithng kdetsatbtrabl garktytetotwedkt whish pies at i ng
apparatus and keeping therein at |east one ink used by said printing
appar at us, shiwekr iligktnsssihdd that sfahpyélivnigk. a seal ed 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 IORto

10GY on a Minsel | lf.'ue Agiffglt%éer@&g igBQccgrd%ﬁ‘ct,eu(N?t iglgin?flls,nvwlérgi;l hre]a(?arg" 5C on
a Munsell chroma. 710 1 0

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 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 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.

15
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:
20 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)  a hue 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.

10

15
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