1: DESCRI PTI ON Printer
Apparatus and Picture Printing Method

Technical Field This invention relates to'a printer device and a
picture prirnting nmethod. More particularly, it relates to a printer device
and a picture printing device in which inks havinhg different color hues in
the color space are added in addition to conventional color inks to assure
a broader color reproducti on ganuDESCRIPTION

Background Art Recently, the desk-top publishing, which is creation
of docunents enpl oyi NPrifftef | mﬁﬂ%mlﬂéﬂ for exanple, '
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| etters or graphics, but also for ol ored.pnatural pictures, such as
phot ogr aphs, or conputer graphi csfmgﬁé‘qto be outputted along with

letters or figures. Thus it is desired to print natural pictures of high
quality or conpamegntipnaelates to aiprinter device and agictuye peintinganethodi Motd v
print the color displayed on a nonitor. In a conventional printer
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Background Art

Recently, the desk-top publishing, which is creation of documents employing
a computer, is used extensively, for example, office environments, Thére is nowadays
an increasing demand not only for letters or graphics, but also for a colored natural
pictures, such as photdgraphs, or computer graphics, which are to be outputted along
with letters or figures. Thus it is desired to print natural pictures of high quality or
computer graphics, whilst it is strongly desired to directly print the color displayed on
a monitor.

In a conventional printer apparatus, employing inks of cyan of low
concentration, referred to hereinafter as the low-concentration cyan, cyan of high
concentration, referred to hereinafter as the high-concentration cyan, low-
concentration magenta, high-concentration magenta, and ofhigh-concentration yellow,

ahigh-concentration ink and a low-concentration ink having the same color (color hue)

are superimposed for representing the gradation. It is noted that a low-concentration



2: yei low ink can be omtted because of its lowrelative lumnosity factor.
That is, in a conventional printer apparatus, an ink C of the

| ow- concentration cyan and an ink C of a hi gh concentration cyan are used
and the ampunt” and the ratio of em ssion thereof are adjusted for
representing the cyan gradation. On the2left side of Fig. 1, there is
shown a droplet of the ink C emtted to represent the state of the | owest
gradat i oyellowMik eas beinittid béciike D3 16w faldtive lurhiidsRy Factos TPHAE {0 a

dr opl etgyeof the ink C and three droplets of the ink %’em&tted
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conbi nat | on. ;ge res |s that the conventjonal printer apparatus cannot
meet t hethtegdronlats ﬁdnk CGiemetted fo mpresent ghe state of theshighesi gradation. a

nmoni tor, such that optinmumresults cannot be obtained on printing out

hi gh- qual i ty Hewevet, the abovedlescribedpodiventipnabpiiater a fpparatus has widrawbhack he
above-descri bed status of the art, it is an Obj ect of the present

that, even if the gradation can be represented by superposition of the low-

concentration ink and the high-concentration ink, the gamut of color reproducﬁon
cannot be widened due to the narrow color gamut proper to the 1nk For example, in
the conventional printer apparatus employing the low-concentration cyan, high-
concentration cyan, low-concentration magenta, high-concentration magenta and high-
concentration yellow, the gamut of color reproduction that can be represented on a
monitor cannot be covered, as may be demonstrated on a L*a*b* color specification |
chromaticity diagram of Fig.2, even if these inks are superimposed in combination.
The result is that the conventional printer apparatus cénnot meet the requirements for
directly printing the colors displayed on a monitor, such that optimum results cannot
be obtained on printing out high-quality natural pictures or computer graphics.

In view of the above-described status of the art, it is an object of the present

invention to provide a printing apparatus and a picture printing method whereby the



I nvention to provide a printing apparatus and a picture printing nethod

wher eby t he 3 colors

represented on a nonitor can be printed clearly by broadening the ganut of

col or reproduction by gradation representation.

Di scl osure of the Invention In the present invention, there is

provided a printer device having four. or nore sorts of color inks,
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i nks, these inks being used for picture  printing representation.
Specifically, the present invBisclesurpofithedrvention nter device for printing
using at least four sorts of inks having different color hues or .
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fromone another in the color space. The low concentration ink used is

di f f er eroncentration imks; and onker awdrednksdifferenttin cobompimetinthe cdler space from
af orenenti oned respective inks.

the above inks are used as the low-concentration inks, these inks being used for picture

printing representation.

Specifically, the present invention provides a printer device for printing using
atleast four sorts of inks having different color hues or concentrations, wherein at least
three sorts of high-concentration inks with different color hues and at least one sort of
a low-concentration ink different in color hue from aﬂy of the high-concentration inks
are used for printing.

Preferably, the high-concentration inks are cyan, magenta or yellow inks having
different color hues from one another in the color space, or red, greeﬁ and blue,
similarly having different color hues from one another in the color space. The low-
concentration ink used is different in color hue in the color space with respect to the

- aforementioned respective inks.
In the above printer device and picture printing method, the gamut for color

reproduction is enhanced by increasing the number of colors of the inks in the high



In the above printer device and picture printing nmethod, the ganut for
e€olor reproduction is enhanced by increasing the nunber of colors of the
inks in the high : ' 4
concentrati-on area which is critical in determning the ganmut for color
reproduction. Specifically, the gradat4on representation and the col or
reproduction can be achieved for the high concentration area and the | ow
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| ow- concentration ink in conbination in pict representation.

Accor di t Qpt esent .invention, .fthe colkaorsirepresented on nitog can
oo eavhestirdfy. 2hE Bifasion 1ERtasEfrarigank o RSB PRR GO & Be ARREURE by
gradation representation, By superinposing the high-concentration jnk and
the | owfosrthe highcoaeentrafion aresmand ithe low congentgation ares by supermposing a
representation can be broadened to enable the colors displayed on a

noni t or highkereentthtion k and 8 d6wyconcentration ink in combination in Ri&ﬂfeqf)rintjng
Description of the Draw ngs Fig. 1 illustrates a nmethod for

repr esenlté";&'S ha:gradation in a conventional printer apparatus.
Fig.2 sho ?&551@5@%* color specification chromaticity diagramillustrating
g p

the ganmut of ,colof r oduction of a conventional printer device and,that
of a noni tor Agpording i ieprgsentinventon, the polorstehredented ehadneniier Sk ve
vi ew showi ng essential portions of an illustrative printer device
enbodyi n@eaﬁy printed routi ﬁydnoadnmng the gamut for color reproduction by gradation

representation. By superimposing the high-concentration ink and the low-concentration

ink in combination, the gamut for gradation representation can be broadened to enable
the colors displayed on a monitor to be printed out clearly.
Brief Description of the Drawings

Fig.1 illustrates a method for representing the gradation in a conventional
printer apparatus.

Fig.2 shows a L*a*b* color specification chromaticity diagram illustrating the
gamut of color reproduction of a conventional printer device and that of a mohitor for
comparison sake.

Fig.3 is a schematic perspective view showing essential portions of an
illustrative printer device embodying the present invention. |

Fig.4 is a block diagram showing the structure of a picture printihg and control
system of the printer device shown in Fig.3. |

Fig.5 is a block diagram showing the structure of a picture printing head and a
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Frg.4 is a block diagram showi ng the structure of a picture printing and

control systemof the printer device shown in Fig.3. Fig.5is a
bl ock di agram showi ng the structure of a picture printing head and a
5 driving-device of the printer device show in Fig.3. Fig.6

il lustrates the nethod for gradation representation enploying the high-
concentration ink and the | owconcentration ink by the printer device shown

i n Fi 9. Yriving devidd 6f theprtiter deldica sRowadhFigeci fication chromaticity
di agram showng the ganut of color reproduction in case of printout by the

printer devi ' i1g. { : Lt.ar..for I sake.

Pl o Bahove. a 1P pitbpisbes et tbr Bhafiof riRboraribf enfil PRy B hidh
illustrating the types_ of jnks used ip the printer device shown . n Fig.3.
Fi g. 9 i scancgntrption pdkand thelow-spaeeniratin theprinterdevire shown ip fig.3.
proportion of the dye in a solvent (dye %9 and OD val ues. Fig. 10
shows a L*a*Figcbkhows peLFitiratolor specifivation ¢luoﬁiaﬁi¢i@rﬂiaFm showikg the ed
results of color reproducibility in case three inks, nanely cyan, nagenta
and vyel ' 2 LR t | :
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devi ce sho I N aFi .3.ang in case all of red, green and blue inks are used
as the I%‘Xr@@ﬁggﬁt‘ﬁﬁﬂt% qrrﬁ@nPﬂjﬁq{’esaé(gne printer-device. Fig 11

Is a schematic perspective view showi ng essential portions of a .
: Fig.8shows a L*a*b* color specification chromaticity diagram for illustrating

the types of inks used in the printer device shown in Fig.3.

Fig.9 is a graph showing the relation between measured values of the proportion
of the dye in a solvent (ldye %) and OD values.

Fig.10 shows a L*a*b* color specification chromaticity diagram showing
measured results of color reproducibility in case three inks, namely cyan, magenta and
yellow inks, are used as the high-concentrétion inks and only red, only green and only
blue are used as low-concentration inks in the printer device shown in Fig.3 and in case
all of red, green and blue inks are used as the low-concentration inks in the same
printer device.

Fig.11 is a schematic perspective view showing essential portions of a
modification of a printer device according to the present invention.

Fig12isa schematié perspective view showing essential portions of another
modification of a printer device according to the present invention.

Best mode for Carrying out the Invention



nmodi fication of a printer device according to the present invention.
Fig. 12 is a schematic perspective view show ng essential portions of
another nodification of a printer device according to the present

i nvention. - Best node for Carrying out the Invention
6 Referring to the drawi ngs, preferred enbodi nents of the present
I nvention will be explained in detail. The present invention is

applied to a Fid | [ ESmbbhaitfe | ﬁ}h' '

device is a s%égeg*lﬁgéggﬁ %@gi’éﬂﬁ% er Qw ceﬂtgrqgﬁli%%gee ugel(ﬂ)ﬁéﬁ]awgir um
2 carryi aprinting sheet 1 as a material for printing, a printing head 3
for rec@gﬁwma‘gr Inting sheet 1, a feed screw 5 having a screw sl ot
fornmed therein for causing novenent of the printing head 3 and a notor 9
for causi ng rCheresensfinventioniisappliedrbe apprinter deyine configurediascshawes in
controller 20 for controlling rotation of the drum?2, feed of the head 3
and pri nFigRl Thid iRk devicels also-Silledseiiabtype printepdevieetand is midde wpbfar or

picture printing is referred to hereinafter 'sinply as picture printing.
The pringi 9525- |
drum 2 Dy azzap m
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the drum?2. |n the, .vicinity, of fhe.outer i pheral surface,of the drum 2

i s mount EFOTHBEaRthis prating sheet Lea(fea'#oqqﬁg‘gg‘%ﬁ%rmg@ segewinlotformeds thergindr um
2. The feed screw 5 carries the printing head 3. That is, the printing
head 3 iforadusingimovementof/the prititig headf3 and adnotor 9 fas causing catativnof ther ow
Min Fig.3. For producing novenent of the printing head 3 of the

drum 2. The printer device also includes a controller 20 for controlling rotation of the
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drum 2, feed of the head 3 and printing of letters or pictures on the printing sheet 1.
The letter or picture printing is referred to hereinafter simply as picture printing.

The printing sheet 1 is adapted for being pressed against and held by the drum
2 by a paper sheet pressing roll 4 mounted parallel to the axis of the drum 2. In the
vicinity of the outer peripheral surface of the drum 2 is mounted the feed screw 5 for
extending parallel to the axis of the drum 2. The feed screw 5 carries the printing head
3. That is, the printing head 3 is adapted to be moved axially of the drum 2 as
indicated by arrow M in Fig.3. For producing movement of the printing head 3 of the
printing head 3 axially of the drum 2, a timing belt or a stepping motor, for example,
may be used in place of the feed screw 5. |

The printing head 3 in the present embodiment is fed with inks so that it can
emit cyan and ma;genta as the low-concentration inks and also can emit yellow, green,

red and blue as the high-concentration inks. By emitting these inks at various



printing head 3 axially of the drum2, a timng belt or a stepping notor,
for exanple, nay be used in place of the feed screw 5. The
printing head 3 in the present enbodinment is fed with inks so that it can
emt cyan and magenta as the | ow concentration inks and also can em t

yell ow, green, red and blue as the high-concentration inks. By emtting
these inks at various
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2 isrun jin rotatjon by the notor 9 via pulley 6, belt 7 and pulley 8 in
the di r eRichuss priginghesd 28 forenamting theseiigksto theprinting sheat bio Qﬁ@ctfm%u@cr ew
5 and the notor 9 and the novenent of the notor 9 are controlled on the
basi s ofprimtgagire printing data and control signals fromthe controller 20
whi ch vm? be expl ai ned subsequently in detail. This realizes various
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printer device. Referring to Fig.4, the printer device includes a )
cont r ol | ginfilg d#edl andPcontrol signals from the controller 20 which will be explained

subsequently in detail. This realizes various control operations for head driving, head
feed or drum rotation of the printer device. Specifically, when the printing head 3 is
moved to effect picture printing for one row, the drum 2 is rotated by one row to effect
next picture printing. For picture printing, the printing head 3 may be moved in one
&irection or in the reciprocating directions.

Fig.4 shows a block diagram for the picture printing and control systems in the
printer device. Referring to Fig.4, the printer device includes a controller 20, made up
of a signal processing control circuit 22, a first driver 23, a second driver 24, a memory
25, a correction circuit 26 and a driving controller 27, and a signal input unit 21 for
feeding an input signal supplied from an external block to the controller 20. The
printer device also includes a picture printing head 28 enclosed in the printing head 3.

The signal processing control circuit 22 includes a CPU and a DSP (digital

signal processor) for controlling respective blocks. The signal processing control
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of a signal processing control circuit 22, a first driver 23, a second
driver 24, a nmenory 25, a correction circuit 26 and a driving controller
27, and a signal input unit 21 for feeding an input signal supplied from
an external block to the controller 20. The printer device also includes a
pi cture printing head 28 enclosed in thg printing head 3. The
signal processing control circuit 22 includes a CPU and a DSP (digital

si gnal RAIRSAEIDNS ih YpefATdd Bhsdd 8n iRPREGELNE RhPESa sTnghgﬂﬁm . I ng

control clircul S

I n operat ed on,input signals sent via a signal .input 21 from an
exte Iro n alaegdsg'g@ts lsoggc ﬁucdasasga Bgﬁg%ﬂ&o lngt gh%% (g'mnfgsrprsgétfmpﬁgssg}% set
processing. on these input signals. These input signals include letter

pri nt i nPndhese inpug signels, rThaseigputsignals mebude lettgr prigting datay pictwepninting
control signals. The input signals, processed by the signal

pr ocessidata spuratihg sigrmls ind Sxteansl contiol signaite dri ving control ler 27 whi ch
out puts various control signals based on these input signals, and perforns
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Fig.3, ¢leaniyng.ofth | n§4 ng. head 3 and. for effecti suppl y/ di schar ge
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24 drive the picture printing head 28 and take charge of picture printing
of the oignals, andpexformsconirel Operatipnsgsuéhoas driving ansyntlerchizatiqr efithé on

area) and picture printing of the high gradation area, respectively.
motor 9, for rotationally driving the drum 2, feed screw 5 or the timing belt, shown in

- Fig 3, cleaning of the printing head 3 and for effecting supply/discharge of the printing
sheet 1.

The first driver 23 and the second driver 24 drive the picture printing head 28 -
and take charge of picture printing of the entire gradation range (low gradation area
and the high gradation area) and picture printing of the high gradation area,
respectively.

The memory 25 is used to store picture printing data etc., transiently in view of
the picture printing sequence at the time of driving the picture printing head 28, and
is constituted by a line buffer memory or a frame memory.

To the signal processing control circuit 22 is connected a correction circuit 26,
as shown in Fig.4. This correction circuit 26 performs control for y-correction, color
correction and for cofrection of fluctuations from one head to another. In general, the

correction circuit 26 stores predetermined correction data as a ROM (read-only



~

The nenory 25 is used to store picture printing data etc., transiently in
view of the picture printing sequence at the tinme of driving the picture
printing head 28, and is constituted by a line buffer nenory or a franme
menory. . " To the signal processing control circuit 22 is connected a
correction circuit 26, as shown in Fig4. This correction circuit 26
performs control for [err]-correction, color <correction and for correction

of fluct ' 0, 3 e I '
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9 nenor and js adapjed tp retrieve the correctipon data responsive to
externalggf@gﬁ\ﬁ‘g‘?%i%} asgqgggltea@nﬁ o5 (LeMpETALUTe OF WYL 5 % or input signals.
The structure of the picture printing head 28 and its driving circuit are
shown in Fi gThe structuredof the picture printing head 28 pindritd dtiyingfcifauitarepshown e
printing driving elenments 33 for picture-printing the full gradation area
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picture-prifiting the gradation ared are provid pi cture

printin ad.28. The first lver .23 driving-conf.rols the .fir . LU e
i nt1 nes3 it mictice-rang e 531 Bifation arv AR pRERIIb ofeetoid bidtileBttE o <
the second picture printing driving elenents 34, That is, in the_present .
embodi medivingielesmients 34 for piaturryprintingithe high gradationares sre provided i the
so-called | ayered type and the nunber of the first driver 23 and that of

t he secopighdeipratinghend28 eThe firstdriver?3 driviag-donttdiethrufitse pictofe ptiing
picture printing driving elenents 33, 34. The drivers 23,24

dri vi ng- G(npQlefBfits’3 ¥ Whitstthe Neb8sd diivét 24 &g Fohtrdfs 8tk second picture

printing driving elements 34. That is, in the f)resent embodiment, the picture printing
driving elements 33, 34 are of the so-called layered type and the number of the first
driver 23 and that of the second driver 24 are set so as to be equal to the numbers of
the picture printing driving elements 33, 34.
The drivers 23, 24 driving-control the picture printing driving elements 33, 34
under control by a serial-parallel converting circuit 31 and a timing control circuit 32
provided in the signal processing control circuit 22. These picture printing driving
elements 33, 34 are each adapted to emit a dot of the high-concentration ink and/or the
low-concentration ink.
" In more detail, in the present printer apparatus, the input signals from an
external block are sent via signal input unit 21 to the signal processing control circuit
22 of the controller 20. The picture printing data are sorted in the picture printing

sequence in the signal processing control circuit 22 to generate serial digital half-tone
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under control by a serial-parallel converting circuit 31 and a timng
eontrol circuit 32 provided in the signal processing control circuit 22.
These picture printing driving elenents 33,34 are each adapted to emt a
dot of the.high-concentration ink and/or the |ow concentration ink.

In nore detail, in the present printerjgpparatus, the input signals froman
external block are sent via signal input unit 21 to the signal processing

control gi.[Cuy . . A9l i LAty !
corted i Sitbreltls sigfpEbrsceRyifg ootiol Siretlt 22 Ny Aol A BRI BIRGHE
circuit 22 to_generate rial digital half-tqQne . T

70 et At ke tih sl neralal sonwgrtihg et & and ot apicturs pEinting tiuing seads
digital half-tone data to the serial-parallel converting circuit 31 and,
at a pi o protuerprintimgtriggeritg the Gmiing canfriot tirceit|32. nting trigger to the
timng control circuit 32. The serial-parallel converting circuit

31 converts t{ge g&mllpagﬁllél%on% idgircit31chAPéts BhRliAputiefiaPdigital lAlf4eher and

routes the as-converted digital half-tone data to each of the first driver
23 and t second driver 24 . |1f. .at the tj { . v, Lon. of th leQi t al

nal -t orfla AR DArICL AR e et Y e SommiertER. s RPARIPRS Aol pdfneRhe.n o
preset threshold for sw tching between_ the |ow gradation side_and_the_ high

gr adat i ofrstidgiver 23candsthe sacopdrdnves24; oy 8t theyms of gpaversiamet theodigitahd

data to the second driver 24 taking charge of the high gradation side.
The ti milgftoms rdata, ciliec sohvéltedcligitdlchalfaotie datd aré inotthigher ¢hari?3 prebet he

second driver 24 at a preset timng in accordance wth the input picture
Pri nti nomrEdHHIE St switding between the low gradation side and the high gradation side, the
serial-parallel converting circuit 31 does not send data to the second driver 24 taking
charge of the high gradation side. |
The timing control circuit 32 actuates each of the first driver 23 and the second
driver 24 at a preset timing in accordance with the input picture printing triggers. This
causes each of the first driver 23 and the second driver 24 to driving-control the
associated picture printing driving elements 33, 34,
The picture printing sequence differs with different structures of the picture
~ printing head 28 and the picture printing unit. The pictures are transiently recorded
in the memory 25 and retrieved therefrom when the necessity arises given the relation
of the picture printing sequence with the inputting sequence of the picture printing
data. If there are an extremely large number of nozzles of the multi-head, it suffices

if an IC is loaded on the picture printing head 28 to decrease the number of

interconnections to the picture printing head 28.



causes each of the first driver 23 and the second driver 24 to
driving-control the associated picture printing driving elenents 33, 34.
The picture printing sequence differs with different structures of the
picture printing head 28 and the picture printing unit. The pictures are
transiently recorded in the nmenory 25jand retrieved therefromwhen the
necessity arises given the relation of the picture printing sequence with
the inputtin | I R0 Qs daL Atee, e [ £ an -
extremely | arygeiigas B4, dGe MBS R iRhird brifieoy his PRAGI G 5 |
I's loaded on the picture printing, head 28 to., degrease the nunber of

i nter corﬁWiﬂFﬁ&s I&o“% E‘ES d?ré‘!tﬁl? depicerthengt NPT Cyan, Ior examp?e, IRdOCDS | ng
to Fig.6, the method for picture printing by this printer device is

expl ai nagprdsenteady theink ¢ ofitherl ovecomentriation cyatrisisapefimposgd to redpresent dhe| e,
Is to be represented, the ink C ofthe | ow concentration cyan is
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the results conparable to those obtained when the, cyan gradation is ,

r epr eserft et® represent the high gradstion sres as showpan theright sidepfilig.6. This gives

hi gh-concentration cyan ink Cin the conventional printer device as shown
in Fig. therédults coripsrabkptocthess obtantedofhémthevyah gradatitad isaeproseated wsing

em ssion proportion of the high-concentration blue ink B and the

hi gh- conggowabbRertfAfh P Gk TV ahiothe high-CHcRhtrtion! Qe Bl Tt the

gradation area can

conventional printer device as shown in Fig.1. If, in the representation of the high
gradation area, the emission proportion of the high-concentration blue ink B and the
high-coﬁcentration green ink G is varied, the color hue in the high gradation area can
be changed delicately to improve color reproducibility. | |

For gradation representation for magenta, the low gradation area and the high
gradation area can be represented by superimposing the low-concentration.magenta
ink and by adding the high-concentration red ink and the blue ink B to the above blue
ink to achieve the result cdmparable to the above result.

For gradation representation for yellow, the low gradation area and the high
gradation area can be represented by superimposing the high-concentration yellow ink
and by adding the high-concentration green ink G and the red ink to the above blue ink
to achieve the result comparable to the above result. Since yellow has a low relative

luminosity factor, the low gradation area can be represented without so-called



be changed delicately to inprove color reproducibility. For
gradation representation for nmagenta, the | ow gradation area and the high
gradation area can be represented by superinposing the | owconcentration
magenta ink and by addi ng the high-concentration red ink and the bl ue ink
B to the above blue ink to achieve thgoresult conparable to the above
result. For gradation representation for yellow, the | ow gradation

area and _the. hi gh radat | - y superinposing the
hi gh-conWﬁﬁ%ﬁ“&&% %&Wsﬁ%@h}glﬁcﬁg&%ﬁhﬁg -‘concentration green
ink G and the_red ipk,to the above hlu ingbpfl,o achi.eve the result

conpar abl e t oFene&r Fepsesantatiom, dQr &WH» QY gradation area is, EepresentRds ty
factor, the |ow gradation area can be represented w thout so-called

12 gr ai nsingthe kweoavestmpion magsntagnk andthglow-coneentratiomeyanikk C’, while For
gradation representation for blue, the |ow gradation area is represented
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hi gh- congentyati.qn blue ink B qr by adding the | cencent rat.i > ta -
"t and| B inadame i Tomrcenciifatin Siaeshth bk the oS RbAE R TR, 2
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Simlarly, for gradation representation for green, it is sufficient if the
! 0\év gr aﬁ@péhmpaéiﬁg orly teehighecérestnusition blhe inloB- toarepressentthelow geadation C
and t he high-

arca.

Similarly, for gradation representation for green, it is sufficient if the low
gradation area is represented using the low-concentration cyan ink C’ and the high-
concentration yellow ink, while the gradation for the high gradation area is represented
using only the high-concentration green ink or the combination of the above cyan ink
C’ and the above yellow ink with the above high-concentration green ink.

Similarly, for gradation representation for red, it is sufficient if the low
gradation area is represented using the high-concentration yellow ink C’ and the low-
concentration magenta ink and if the gradation for the high gradation area is
represented using only the high-concentration red ink or using the combination of the
high-concentration red ink with the above yellow color ink and the low-concentration
magenta ink. |

' In the printer apparatus according to the present invention, the color space that

can be represented can be broadened by using inks having different color hues in the



concentration yellow ink, while the gradation for the high gradation area
I's represented wusing only the high-concentration green ink or the

conbi nati on of the above cyan ink C and the above yellowink with the
above hi gh-concentration green ink. Simlarly, for gradation
representation for red, it is sufficiepg if the low gradation area is
represented using the high-concentration yellowink C and the | ow
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apparatus according to the present invention, the color space that can be
r epr esertyat, high-conceniratiemswigonta aidhjghdoncentvation yelldweanly anarmow gamut i n
t he - 13 color space for

col or 1 e BRIt r8piictibivel aieved el cofitpeR6 Ve td @it RiridU6Y ropeeiititn

enpl oying the | owconcentration cyan, |'ow concentrationmagenta,

hi gh- conge Y| N, .04 gh- trati . hi gh-conge tion
el I ow, Btf iotiieR by B with s LGP Bie iR iedoRrat SioBis st et BaBRAig o o
to the nmut, for col or rt-i-_pctflesentatlon on a nonjtor, whereas, with the use
of the dBePeinieranpasatysofthe pressnt myentoremplayng thedewneonneatrationayatus of
the present invention enploying the | owconcentration cyan,

| ow condewtcandemtratimpemagenth; lyigheconcentration blue,) high-concsntrationcgreeny high-

green, high- concentration red and hi gh-concentration yellow, the ganut

for col Qontenfragss rédand highitoRsdntAticd Yellbvitht Ratmit Tod cOlR répYodudiof i9Wn
in Fig.7. This enables clear printout

almost as broad as that on a monitor, as shown in Fig.7. This enables clear printout

-

of thé high-quality natural picture or co-mpu_ter graphics represented on the monitor.

Although the inks used in the above embodiment are the low-concentration
cyan, low-concentration magenta, high-concentration blue, high-(l:oncentration green, |
high-concentration red and high-concentration yeﬂow, the present invention is not
limited thereto. For example, the yellow ink used may be of the low concentration.
As for the inks_ of blue, green and red, these may be of any suitable colors of the color
hues intermediate between the cyan and magenta, between yellow and cyan and
between magenta and yellow, as shown in the L*a*b* color specification chromaticity
diagram of Fig.8. Of course, the inks of cyan, magenta and yellow may be of any
suitable color intermediate between green and blue, between blue and red and between
red and green. |

Also, in the present invention, similar effects may be obtained using cyan,



of the high-quality natural picture or conputer graphics represented on the
foni t or. Al t hough the inks used in-the above enbodi nent are the

| ow- concentration . cyan, |ow concentration magenta, high-concentration

bl ue, high-concentration green, high-concentration red and

hi gh-concentrati on yell ow, the present jynvention is not Ilimted thereto.
For exanple, the yellow ink used nay be of the | ow concentration. As for

the inksy,Qber qtaggkggﬁmg Pivé{j-coﬁ HOMRRs eﬁdagmggga%%géﬁaﬁ&bﬁfe%sqﬁet he

col or hues en the cyan and nmmgen ween yel | ow and
cyan and between nagenta and.yel |l ow. ag shown in the L*arfb*, color

speci fi 'SPPW?&?‘\ ’E’ﬁ‘?yﬁl 'S}l%gﬁ%mﬂ uirsé)r}%ya& maggntaand yellqw may be 8§an ,
magenta and yel | ow may be of ang sui tabl e col or internedi ate between green

and bl ueanybsatitabdercalonntarniediate betwesoithe greenrand bine, igtesmediate betweeniblue | n
the present invention, simlar effects may be obtained using cyan,
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and blue as the lowconcentration inks. In this case, the inks of cyan,

magent a yeldl y be of any suitable color internedi ate between the
green an@é}%}% fiai%\rﬁ)‘tvg'?rredi ate between blue and red and internedi ate between

the red and en. . The reyerse al.so,holds good, .as descr.ibed,above. .
Meanwhi | e, t qaﬁ@“{}s@&e Flﬁ(st‘?‘?@%dpe@@rptre’? aRysnsio e b of 31 PRs+ ¥ pes,
it being only sufficient if at least three sorts of the high-concentration

i nks andbeinglomdg sufficient ifiat deast diree soits ofithe highrcomcantration inks and afiléastr ent
fromthat of these high-

one low-concentration ink having the color hue different from that of these high-
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concentration inks in the coldr space. In the following illustrative experiments,

- measurements have been conducted of color reproducibility in the printer device

shown in Figs. 3 to 5 in case three sorts of the high-concentration inks, namely cyan,

magenta and yellow, are used, and only red, only green and only blue are used as the

low-concentration inks, and in case all of the red, green and blue inks are used as the
low-concentration inks.

In the present illustrative experiment, C.I. Acid-Blue 9 was used as the dye, and

the solvent for this dye having the following composition:

(i) ethylene glycol monomethyl ether 10%
(ii) N-methyl-2-pyrrolidone 10%
(111) water | balance

was used. The above dye was dissolved in various proportions in the above solvent

to prepare inks to measure the relation between the proportion of the dye (dye%) and



concentration inks in the color space. In the followng illustrative
eéxperinents, neasurenents have been conducted of color reproducibility in
the printer device shown in Figs. 3 to 5 in case three sorts of the

hi gh-concentration i nks, nanely cyan, nagenta and yellow, are used, and
only red, only green and only blue arejysed as the |ow concentration inks,
and in case all of the red, green and blue inks are used as the

| ' trati ' t,
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wat er bal ance
used. Trandhdwasdysedasa high-conhoentrationink wiklepndpk havingsani @Dt\t@@tamgmg
solvent to prepare inks to nmeasure the relation between the proportion of

the dye Heiwedh 0eédnd 1.0 was used as alow-concentratlonmk | 15 the
optical density (OD). The results are shown in In a printer

was uced a8 ot giroRR EES MG IRt e e, .nk"ﬁﬂ%%?%ei% &t g ot >
The abovePsERRtebi)-idredhcnd Tosappromatelyih 45 il nscshovn in Fig9, An

approxi mately 0.57 .dye% and for approximately 0.11 dye% as shown in Fig.9.

An  expexipeemerftdor graditionmepresentation; abhducted msthgethednk mﬂgOlﬂ?dye%(and th
0. 57dye% and

the ink with 0.11 dye% as the high-concentration ink and as the low-concentration ink,

respectively, indicated that the OD value was 1.0 and 0.7 for the high—concentration
ink to low-concentration ink ratio of 1:2.85 and for the high-concentration ink to low-
concentration ink ratio of 1:5.18, respectively. Moreover, the OD value was 0.2 for
the high-concentration ink to low-concentration ink ratio of 1:57.

The measured results of the gamut for color reproduction, obtained using only
three types of the high-concentration ink of cyan, magenta and yellow on the printer
device shown in Figs.3 to 5, are shown in Fig. 10A. The measured results of the gamut
for color reproduction using the combination of the above high-concentration ink with
only red as the low-concentration ink, using the combination of the above high-
concentration ink with only green and using the combination of the above high-
concentration ink with only blue, are shown in Figs.10A, 10B and 10C, respectively.

The measure(i results of color reproducibility, obtained using the combination

of the above high-concentration ink with all of the red, green and blue as the low-



the ink with 0.11 dye% as the high-concentration ink and as the
+owconcentration ink, respectively, indicated that the OD value was 1.0
and 0.7 for the high-concentration ink to |owconcentration ink ratio of
1:2.85 and for the high-concentration ink to low concentration ink ratio
of 1:5.18, respectively. Mreover, the16D value was 0.2 for the

hi gh-concentration ink to | owconcentration ink ratio of 1:57. The

measur edodrReniration ink8 CardiRéwi RI Fipdl 6F, T ?f&%&f&ﬁﬂeﬁmfﬁ B6HA Yitle'1d tRE! ¥

three types of the high-concentration ink of cyan, magenta and yellow on

the printer  deviee shown in Figs.3 to 5.,are.s in Fig. 10A. ~The

reasor e Bt o SofiBRieion onch mbot . whilk 8 HBEREY s e AR SR FRNE | on
of t he above high-concentration ink with_only red as the | ow concentration
i nk, usitegroductioanef tha ponter deviec.albgabevgink withh0 S dye%and the mkwitln| y
green and using the conbination of the above high- concentration ink with
only bl ug.1ladype%were usedagthe cériénaratiohlnk andsthedowedicentration inkije
nmeasured results of color reproducibility, obtained using the conbination
.of the L gp-concentration ink with all of the red, green and bl ue as
t he Iowal%gﬁ&ﬁ]&&y' 16 concentration
I nks, are sh in Eig. 1QE. An area.surrounded.by a solid.Line i.s the
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gamut for color reproduction of the printer device. The above ink with
0.57 dyetypasof th@ng%kcmmtrauonmhs/eﬁsm, mageoth and yeltowiagtused; dheganmiton

I nk and the | owconcentration ink, respectively. The results are

shown i nfdricelori@prédistionoLtheiprintér 8&0e isiaferior inGiyyartd of thy fifst to fourth
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quadrants in the L*a*b* color specification chromaticity diagram to the gamut for
color reproduction on a monitor, as shown in Fig.10A. Ifred is added thereto as the
low-concentration ink, the gamut for color reproduction in the first quadrant of the
L*a*b* color specification chromaticity diagram is increased, as shown in Fig.10B,
such that the gamut for color reproduction of the printer device vitally surpasses that
on the monitor, as shown in Fig.10B. If green is added as the low-concentration ink
to fhe above high-concentration inks, the gamut for color reproduction is increased in
part of the second quadrant and in the third quadrant in the L*a*b* color specification
chromaticity diagram such that the gamut for color reproduction surpasses that on the
monitor in these areas, as shown in Fig.10C. If blue is added as the low-concentration
ink to the above high-concentration inks, the gamut for color reproduction is increased
in part of the third quadrant and in the fourth quadrant in the L*a*b* color

specification chromaticity diagram such that the gamut for color reproduction



types of the high-concentration inks of cyan, magenta and yel |l ow are used,
the gamut for color reproduction of the printer device is inferior in any
area of the first to fourth quadrants in the L*a*b* col or specification
chromaticity diagramto the gamut for color reproduction on a nonitor, as
shown in Fig. 10A If red is added therjgto as the |ow concentration ink,
the gamut for color reproduction in the first quadrant of the L*a*b* color
speci fi cgtyd L£ ' | & ol ' HaprH

Stch ¢ hog Pl M SOkl GTAN e MERRAHAC A e D IR HBWRIA TR IOD: |
sur passe on,t he nmoni,tor, as I n, Fi.g. 10B. |f qgreen is added as
he’ Tow KL be SPaepRRndbO: 4 adkisdd0 the atisenserimatiop ks fhe gada 8 v
for color reproduction is increased in part of the second quadrant and in
t he t hi r colonaepraduction woii¢he printer destice isglmoist as broashas that onthe monite, agr am
such that the gamut for color reproduction surpasses that on the nonitor

i n theseglggwrin Fig1BowWn in Fig. 10C. If blue is added as the

| ow- concentration ink to the above hi gh-concentration inks, the ganut for

col or reprodughy i S 1 ; 4 l: he
“fourth quadr a%{lﬂh?’ﬂgbﬁléé E&f‘f%gf &%g P g}nglgt;)%£%lt§ %?‘i %ﬁ@a@ﬁ; g’@?ﬁr"%ﬁ %ﬁ%@?tggn
such that the gamut for, color reprqQdugction,. . ) .

17 sur pdeydse, e Dresemt inveatien may alse, he applied to adinetype printerdevies o510 a5
shown in Fig. 10D. |If all of the red, green and blue are added to the

hi gh- condeumh retation typk pridter dewivé. for col or reproduction of the printer
device is alnost as broad as that on the nonitor, as shown in Fig. 10E.

er.t hough the Reféfitig 16 Fapdi B MIusRARVS phifidebiee! A WHicHthe pRRkhpinvelitien

may be applied, is explained. In Fig.11, the parts corresponding to those of the serial
type printer device shown m Fig.3 are indicated by the same refefence numerals and
the corresponding portions are not explained specifically. The portions of the control
system is also not shown in the drawings. | |
In the line type printer device, a large number of picture printing heads, not
shown, are arranged in a line on a line head 90 which is fixed in the axial direction of
the drum 2. In this line type printer device, the line head 90 is adapted to perform
picture printing simultaneously and, on termination of picture printing for one row, the
drum 2 is rotated by one row in the direction indicated by arrow M in F1g 11 to execute
the picture printing for the next row. In this case, pﬁnting may be made by any of the
- methods of effecting picture printing on the entire line collectively, picture printing on
plural blocks divided from the entire line or effecting picture printing on alternate

Trows.



device, the present invention may also be applied to a line type printer
device or to a drumrotation type printer device. Referring to
Fig. 11, an illustrative printer device, to which the present invention

may be applied, is explained. In Fig. 11, the parts corresponding to those
of the serial type printer device shoyg in Fig.3 are indicated by the sane
reference nunerals and the corresponding portions are not expl ained

specifically. . ' o) r S L S: . t he
i avi ngs.  Reteftiiptd FEET2 rts B GO REpts 5 Fohdis GAHSRE of th¥SehiR
picture printing heads, not, shqQwn, are arrapged in line on a,line.head
90 whi cﬁyp%pnm@éaﬂmetsh@m lggi*\rﬁé@%‘ﬁ%&ytﬂgﬁmﬁ encq pumgrals and the ype
printer device, the line head 90 is adapted to perform picture printing
si mul t aneetespynding, description s ondttedf fopi sitplieityr | Alsoygheadesoriptionvof thee
drum2 is rotated by one rowin the direction indicated by arrow Min Fig.
11 to e | Al ¢ ifBligitGase,

printi ng na?ﬁ%le)ur?%glﬁgi %ﬁ/&g%y%ﬂlggcﬁﬁﬁﬁ%ggﬂ}%@f% fdﬁg% n%fbg? ﬁ?.e printing
from the. ent AR GRICTEATUBID IR PR PR Sk Bardint LR R Rigggh ' °
18 Referring to Fig. 12, parts or conponents correspqQnding to those
of the dhehigh-copesntrationiak and{ordbe lowwencentration @re&anﬁpag'rqm aFItet ne
reference nunerals and the corresponding description is omtted for

si npl i ciiead 94, #iosyricheordescwith thedrah rofationpty fornns pietinerwi the printingsheent r ol

mechanismis also omtted for sinplicity.
1. Ifthe drum 2 completes its full revolution in the direction indicated by arrow M in

Fig.12 to complete picture printing on the printing sheet 1 in the circumferential
direction, the feed screw 5 isrun in fotation to cause movement of the printer head 91

* by one pitch in the direction indicated by arrow M’ in Fig.12 to effect picture printing
of the next row. It is also possible to caunse rotation of the drum 2 and the feed screw
5 simultaneously to cause progressive movement of tﬁe printer head 91.

In the case of a multiple head or of the configuration of performing picture
printing on the same location a number of times, the drum 2 and the feed screw 5 are
rotated simultaneously in unison to execute spiral picture printing.

In the above-described embodiment, the present invention is applied to a so-
called ink jet printer. The present invention, however, can also be applied to any of
a fusioﬁ transfer printer, a sublimation transcription printer or an electrophotographic
printer.

The present invention can also be applied to the combination of the above-



If, in the present drumrotation type printer device, the rum2:'is run in
rotation, the high-concentration ink and/or the | owconcentration ink are
emtted froma printer head 91, in synchronismwith the drumrotation, to
forma picture on the printing sheet 1. If the drum2 conpletes its ful
revolution in the direction indicated g arrow Min Fig. 12 to conplete
picture printing on the printing sheet 1 in the circunferential direction,

R e

91 by one pI
effect cture r|nt|n f .t he next t is ossi ble to cause
rotati orﬂ"ﬁf e‘f'lHE 2 S60PS tlﬂ‘éeqq%’ds@tﬁ%e‘%d‘?s ﬁ%‘lll?‘gﬁ&m& y to cause
progressive novenent of the printer head 91. In the case of a
multiple head or of the configuration of performng picture printing on
the sanme | ocation a nunber of tinmes, the drum2 and the feed screw 5 are
rotated sinultaneously in unison to execute spiral picture printing.

In the above-descri bed enbodi nent, the present invention is applied to a
so- called ink jet printer. The present invention, however, can al so be
applied to any of a fusion transfer printer, a sublimation transcription
printer or an el ectrophotographic printer. The present invention
can al so be applied to the conbi nati on of the above-

19 described enbodi nents and can be nodified in a wi de range w thout
departing form the technical scope of the invention stated in the appended
cl ai ns.
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CLAI VB

sorts of inks having different color hues or c

a print
I nks Wi

1. A printer device for printing using at l'east four
| Si ng:
er head supplied with at |east three sorts of high-concentration

 owe concent rati an i ni i f1erent i col Ql,eaﬁhe"f”?oiﬂlllgﬂlu ML

hi gh- concentrati on i nks, wherein in picture p

|n|n %Sai'd

hi gh-concentration i nks and the | ovv-g m ration ink are superl nposed in
senta

conbination to effect gradation repr

accordi
said hi

i on. 2 The printer device

to claim 1 wh | || d as
OB Aoprmier Qaviceifor prRBting st kst fout Suds pEinkahayias (ifergntealRr ., *°

wherein at |east red, green and blue are used as sal d hi gh-concentration

I nks.

opti cal
printer
density
The pri
repr odu
parti al
gr aphi c

4huesher wndehﬁundns,l whemin thetimprovemeinhiresidessiethat n t he val ue of the
density of the high-concentration inks is 1.0 to 2.5. 5. The

devi o4 RASALA orte of hithedndiiation ihke will diffétent blop Bleg ahd at

of OW- concentration s1sS 0.1 to less than

clopet o s, oF ok Bratiof ik rﬁhﬂs‘ﬁrﬁéﬁfg@%@%{ §€#ﬁ’4mhlgh

|y surpasses the ganut for color reproductlon on a conputer
scwmmnonmksmmsad)ﬂ)rfmmtp}g nting using at least four sorts of

mE

i nks having different col or hues

2. The printer device according to claim 1 wherein at least cyan, magenta and yellow
are used as said high-concentration inks,

3. The printer device according to claim 1 wherein at least red, greeﬁ and blue are
used as said high-concentration inks.

4. The printer device according to claim 1 wherein the combination of the high-
concentration inks and the low-concentration ink is superimposed at the time of picture
printing for gradation representation.

5. The printer device according to claim 1 wherein the value of the optical density of
the high-concentration inks is 1.0 to 2.5.

6. The printer device according to claim 1 wherein the value of the opﬁcal density of
the low-concentration inks is 0.1 to less than 1.0.

7. The printer device according to claim 1 whérein the gamut for color reproduction
on the L*a*b* color specification chromaticity diagram partially surpasses the gamut
for color reproduction on a computer graphics monitor. |

8. A method for printing using at least four sorts of inks having different color hues

-_—
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21 or concentrations, conprising the steps of: suppl ying at | east
three sorts of high-concentration inks with di fferwm% at

| east one sort of a | owconcentration ink different in color any
of the high-concentration inks to a printer head; "m” osi ng
sai d high-concentration inks and the Iog\tconcentrat muﬂﬁgm4'Wure
printing nediumat the time of picture printing. 8." THe retho

oL ™! 9 RSGREEHRRIA, ELMR OB B i | ©3°1 oven, mgenta and yell ov
ﬁf;ﬁr Sgﬂgeﬁf r ;{ngg(]mg, at Ie ra%lt e sors of fng?x—cgr;c%%rﬁ'a%on inks it dSpreeRt odfor” ' ¢

hues and at least one sort of a low-concentration ink different in color hue from any

of the high-concentration inks to a printer head; and

superimposing said high-concentration inks and the low-concentration ink on
a picture printing medium at the time of picture printing.
9. The method for printing according to claim 8 wherein at least cyan, magenta and
- yellow are used as said high-concentration inks.

10. The method for printing according to claim 8 wherein at least red, green and blue

are used as said high-concentration inks.
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