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TITLE OF THE INVENTION

PRINTING SYSTEM, PRINT CONTROLLER, PRINTING APPARATUS,
METHOD OF CONTROLLING PRINTING OPERATION, METHOD OF PRINTING,
INK CARTRIDGE, INK SUPPLIER, AND RECORDING MEDIUM |

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a technique of forming
an adegquate diétribution of ink dots of respective colors on
a printing medium, so as 130 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
various color inks from a print head and theréby expresses an
image of naturé.l colors on a printing medium, four color inks,
that is, cyan (C), magenta (M), yellow (¥), and black (K)., are
basicallj used to create ink dots and print an image. The
printing apparatus regulates the hue and the lightness, which
are indeﬁ:és 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 lightnéss is, on the other hand,
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
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cyan (LC) ink and light magenta (LM) ink, (additionally light
vellow (LY) ink in some cases) in addition to the above four
basic color inké, so as to significantly improve the picture
guality in an area of high lightness. In the case where an
image in the area of high lightness (that is, the highlighted
area) is printed with only four color inks, C, M, ¥, and K,
a sparse distribution thé C and M dots undesirably makes these

dots conspicuous and thereby lowers the picture quality of the

printed image. The phenomenon of making the dots conspicuous

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

granularity'. It is difficult to reproduce the image

informatio__n 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
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

than th_e 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 cc_)lor inks
including the LC and LY inks (or the seven color inks further
including the LY ink) improves the picture qualif.'y of the
highlighted area.

The prior art printing apparatus including those using
the light inks, however, can not sufficiently improve the

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



10

15

20

25

area), because of the reasons dis-cﬁssed below. Especially the
printing apparatus using the light inks have an insufficient
improvement in picture quality in the shadow area, while
significantly improving the picture quality in the highlighted
area. _

This problem is explained with an example of a gradation
pattern from red to black with a gradual decrease in lightness.
The color 'red' is reproduced by mixture 6f magenta dots and
yellow dots. The lightness is lowered by addition of cyan dots
or black dots. Formation of black dots on red dots makes the
black dots extremely conspicuous in an area supposed to have
a homogeneous color. This results in the poor granularity.
The dots of cyan, which is complementary to red, are also rather
conspicuous on the red dots, although the degree of
conspicuousness is lower than that of the black dots.
Formation of cyén dots on red dots thus also results in the
rather poorxr granularity} As in the case of the highlighted
area, the use of the light cyan ink effectively improves the
granula;ity. From the viewpoint of the improvement in
granularity, the light cyan ink ié 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 coﬂspicuous but keeps the
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.
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Ejection of ink over the allowed density of dots causes blots
or wrinkles on the printing medium. In order to avoid such
problems, each printing medium has a preset maximum density
of dots (restriction of ink duty). The total density of dots

created with the respective inks should not exceed this

- restriction of ink duty.

When the gradation pattern from red to black is printed,
it is required to add the light cyan dots or the cyan dots.
The color 'red' is originally expressed by a large number of
yellow dots and magenta dots as mentioned previously.
Formation of even a small number of light cyan dots or cyan
dots thus causes the tot'al 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
cyan dots or the cyan dots. In the practical operation, when
there is some margin for the restriction of ink duty, light
cyan dots are added to red dots to lower the lightness. When
the total quantity of ink reaches the restriction of ink duty,
even if the cyan dots may have adverse effects on the
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 gquantity 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,
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 c¢cyan dots and the

black dots are often used irrespective of their conspicuousness,
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because of the restriction of ink duty. This naturally results
in the poor granularity.

The abbve description regards the example of printing
the gradation pattern from red to black. The formation pattern
of ink dots should be specified under the various limitations
including the improvement in grénu;l.arity and the restriction
of ink duty. The design of the optimum dot formation pattern
accordingly requires a lot of time and labor with the trial

and error.

SUMMARY OF THE INVENTION

The object of the present invention is thus to enhé.nce
the degree of freedom in specification of dot on-off conditions
with :egard to aplurality of different inks and thereby improve
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 systém, which includes a printer
that creates dots with a plurality of different inks, so as
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 priht controller includes: a dot on-off condition
specification unit that spedifies 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 regidn of light absorption

substantially identical with that of one basic color ink
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selected out of the plurality of basic color inks but a lower
lightness _than that of the selected basic color ink; and a
control information output unit that outputs 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. The printer incltides: 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 ink, which is output from the control information

output unit, as the control information; and a dot formation

unit that creates dots with the plurality of basic color inks
and the dark ink, based on the input control information.
The present invention is also directed to a method of
printing, which corresponds to the printing system discussed
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 iﬁk based on input
image data, the plurality of basic color inks being combined
with one another to ekpress achromatic coloi‘, the dark ink
having a main wavelength region of 1light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower

lightness than that of the selected basic color ink; and

- 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.
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In the printing system and the corresponding method of
the present invention, the dot on-off conditions with regard
to the plurality of basic color inks and the dark ink are
specified, based on the input image data. Here the plurality
of basic color inks are combined with one another to create
ink dots and thereby express achromatic color. The dark ink
includes one basic color ink seleéted out of the plurality of

basic color inks as a primary component and another ink having

.a specific hue different from the hue of the selected basic

color ink. The dark ink has a lower lightness than that of
the selected basic color ink. The dark ink rﬁay .alternaf.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
color ink is yellow ink, for 'example, fhe dark ink may be
obtained by adding adequate quantities of cyan and magenta dyes
to the vellow 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
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
enhances the degree of freedom in specification of dot on-
off conditions and thereby imprbves 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
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functions discussed below.

As mentioned above, the dark ink includeé one basic color
ink selected out of the plurality of basic color inks as a
primary component and another ink having a specific hue
different from the hue of the selected basic color ink, and

has a lower lightness than that of the selected basic color

-ink. A certain color conventionally expressed by a

combination of the plurality 'of basic color inks may be
expressible by only the dark ink or by a combination of the
dark ink with small quan{:ities of one or plural basic color
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 quantity of inks, compared with the
expression of the certain color by the combination of the
plurality of basic color inks. The use of the dafk ink thus
improves the picture quality, which 1is 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

duty.

A print controller of the present invention is applicable
to such a printing system. The present invention 1is
accordingly directed to a print controller that supplies
control information to a printer, which creates dots with a
plurality of different inks, in order to control the creation
of dots with the plurality of different inks. The printer
creates dots with a plui:ality 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

8
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dark ink 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 selecj:ed basic color ink. The print
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 on input
image data; and a control information output unit that outputs
the specificatibn 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.

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
accordingly provides a method of supplying control information
to a printer, which creates dots with a plurality of different
inks on a printing medium, in order fo control the creation
of dots with the plurality of different inks and thereby
controlling a printing operation of the printer. The melthod
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 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 (b)
outputting the specification of the dot on-off conditions with

regard to the plurality of basic color inks and the dark ink
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to the printer as the control information, so as to control
the printing operation of the pi‘inter.

In the print controller and fhe corresponding method of
controlling the printing operation, the dot on-off conditions
with regard to the plurality of basic color inks and the dark
ink are specified, based on the input image data. The
specification of the dot on-off conditions is supplied to the
printer as the control infbrmation to control creation of dots
with the plurality of basic color inks and the dark ink.

The technique of'the present invention ﬁrovides 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 ari:angement enables creation of ink dots with
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
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 thisapplication, the dot on-off
conditions with regard to the plurality' of basid color inks
and the dark ink are specified by referring to the color
conversion table.

The method of referring to the color conversioh 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
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print controller, the dot on-off conditions with regard to the

‘plurality of basic color inks and the dark ink are specified,

based on a preset proportion regarding dots of the plurality
of basic color inks and dots' of the dark ink.

When 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
é variety of values. The arrangement of specifying the dot
on-off conditions based on the proporti‘on set equal to an
appropriate value enables an image of high picture quality to
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
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
improves the picture quality of the resulting printed image.
The use of the dark ink, which is obtained by adding at least

one dye of another ink to lower the lightness and the saturation,

may enable a specific color conventionally expressed by a

combination of the plurality of basic color inks to be expressedl
by only the dark ink or by a combination of the dark ink with
small quantities of one or plural basic color inks. The
expression of the specific color by the combination of the dark
ihk with the basic color inks reduces the total guantity of

inks and thus improves the picture quality, which is worsened

11
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by the restriction of ink duty.

The dark ink may alternatively have a main wavelength
region for most strongly absorbing a ray in a visible range,
which is substanfially identical with that of one basid 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 ink.

The use of the dark ink enhances the degree of freedom
in specification of the dot on-off conditions and thereby
improves the picture quality of the resulting printed image.

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
the case of magenta ink, and equal to a range of 400 nm.-to 500
nm to absorb a blue ray in the dase of yvellow 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
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 région of 600 nm to
700 nm.

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

Irrespective of a large variation in spectroscopic

12
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characteristics of the ink in the vicinity of the wavelength
of 700 nm, there is no significantly difference in hue
recognized by the vision of the Human eye. | Namely the
spectroscopic characteristics of the ink have a large degree
of freedom in the vicinity of the wavelength of 700 nm. The
ink having a favorable hue is thus prepared by utilizing this
large degree of freedom. The dark ink h-avihg the favorable
hue has the smaller light absorptivity in the vicinity of 700
nm i:han the mean light absorptivity in the wavelength region
of 600 nm to 700 nm. The main wavelength region that is mostly
included in the wavelength region of 400 nm to 500 nm is
substantially opposite to the range in the vicinity of 700 nm
having the large degree of freedom across the visible range.
Thié facilitate the design of the ink.

The dar]_c 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 vicinify 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

" 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:

.(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
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(B) a mean value of light absorptivity that is greater
than or substantially identical with a mean value of light
absorptivity of the selected basic color ink in the
characteristic wavelength region of the dark ink:; and

| (C) a mean value of 1ight 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.

The dark ink satisfying the above cbndition (A) has a

‘hue close to the hue of the corresponding basic _color ink, so

that a specific color conventionally expressed by a combination
of the plurality of basic color inks is, in mény'cases,
expressible by a combination of the dark ink with one or plural
basic color inks. Expression of the specific color by the
combination of the dark ink satisfying the above conditions
(B) and .(C) with one or plural basic color inks requires the
less total gquantity 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
(A) through (C)} thus reduces the total quantity of ink
consumption in many cases. This arrangement effectively
prevents the poor granularity and improves the picture quality,
which is worsened by the restriction of ink duty as discussed
previously.

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 région

of 600 nm to 700 nm.

14
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As described above, even when the 1light absorptivity in
the vicinity of 700 nm varies, 1_:he hue of the ink recognizable
by the vision of the humdn eye does not have any Significant
variation. It is accordingly expected that the spectroscopic
characteristics of the ink have a 1arge degree of freedom in
the vicinity of the wavelength of 700 nm. The smaller light
absorptivity in the vicinity of 700 nm than the mean light
absorptivity in the wavelength region of 600 nm to 700 nm
enables the dark ink to have a more favorable hue. Setting
the characteristic wavelength region of the dark ink to be
substantially opposite to the range in the vicinity of 700 nm
having the large degree of freedom across the visible range
facili.tates the design of the ink.

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 greater light absorptivity in the vicinity
of 700 nm than a mean light absorptivity in a wavelength region
of 600 nm to 700 nm.

As described previously, there is a large degree of

freedom in setting the light absorptivity in the_vicinit_y of

the wavelength of 700 nm. The greater light absorptivity in

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

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

Thé specific hue range interposed betwéen the red hue.
zone and the green hue zone on the Munsell hue circle roughly
corresponds to the hue of yellow. The color of yellow has a
re_latively high lightness. Dots of the dark yellow ink having
the lower lightness than that of the yellow ink are still not
conspicuous. Creatihg dots with such a dark ink thus
significantly improves the picture quality of the resulting
printed image.

The dark ink may have a hue in the specific hue range
that includes a yellow hue zone and extends to a bloundary
betweén the yellow hue zone and the green hue 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
significantly improves the picfure quality o_f the resulting
printed image having the little greenish hue.

The dark ink may have a hue in the specific hue range
that J':ncludes a yellow hue zone and extends to a boundary
between the yellow hue zone and the red hue zone on the Munsell
hue circle, and a smaller saturation than that of flesh color.
The ink in the specific hue range that includes the yellow hue
zone and extends to the boundary between thé vellow hue zone
and the red hue zone on the Munsell hue circle has the hue of
reddish vyellow. Creating dots with such a dark ink
significantly improves the picture quality of the resulting
printed image having the little reddish hue. The color that
is included in the specific hue range and has a relatively large
saturation is close to the 'flesh color'. When the ink having

the hue of reddish yellow is used as the dark ink, it is

16
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preferable that the ink has a smaller saturation than that of
flesh color. The dark ink of smaller saturation significantly
improves the picture quality of the resulting printed image.
It is accordingly preferable that the _dark.ink has a hue 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, and a smaller saturation
than that of flesh color.

The dark ink may have a- hue included in a specific range
of 10R to 10GY on a Munsell hue circle, and a lower lightness
than that of a basic color ink out of the plurality of basic
color inks, which has a hue in the specific range.

The ink in the specific range roughly has the hue of yeliow.

Creating dots with such a dark ink significantly improves the

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 fhe range of 2,.5YR to 7.5YR
on the.Munsell hue circle and the saturation of greater than
3.5C on the Munsell chroma has the tint close to the £lesh color.
When an image having the greenish hue is printed, the use of
the dark ink having a smaller saturation than that of 'flesh
color' has better effects on improvement of the picture quality.
It is accordingly preferable that the dark ink has a saturation
of smé.ller 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 10¥R to 10GY

17
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on the Munsell hue circle. The ink iﬁ this range has the hue
of greenish yellow. Creating dots with such a dark ink
significantly improves the picture quality of the resulting
printed image having the little greenish hue.

The dark ink may have the hue in a range of 10Y to 10R
on the Munsell hue circle and a saturation of smaller than 3.5C
on a Munsell chroma. The ink having the hue in the range of
10Y to 10R 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 _reddiéh hue is
printed, the use of the dark ink having a smaller éa-turation
than that of 'flesh color' has better effects on improvement
of the picture quality. It is acdordingly preferable that the
dark ink has thé hue in a range of 10Y to 10R on the Munsell
hue circle and a saturation of smaller than 3.5C on the Munsell
chroma.

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

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

18
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ink on a printing medium, according to the control information.

As described previously, the printing apparatus using
the light ink remarkably improves the picture quality in the
highlighted area but has less effects on improvement of the
picture quality in the shadow area, because of the restriction
of ink duty. Additionally using the dark ink improves the
picture gquality in the shadow area and thus attains t.he
improvement in picture quality in the whole image.

In accordance with one preferable application of the
print controller that specifies the dot on-off conditions of
the respective inks based on the image data, the technique
outputs the control information to control the creation of dots
to aprinter that creates at least two variable-size dots having
different sizes with the respective inks. The technique
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 Aifferent 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
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
ink enhances the degree of freedom in specification of the dot
on-off conditions -and improves the picture quality, which is
worsened by the restriction of ink duty.

In accordance with one preferable application of the

print controller that specifies the dot on-off conditions of

19
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the respective inks based on the image data and the
corresponding method of controlling the printing operation,
the technigque specifies the dot on-off conditions with regard
to the plurality of basic color inks, which include at least
yellow ink, as well as with the dark yellow ink, which has a
main wavelength region of light absorption substantially
i_dentical 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
plu:fality of basic color inks and the dark yellow ink. The
printer receives the specification of the dof on-off conditions |
and creates dots with the plurality of basic color inks
including at least the yellow ink and with the dark yellow ink,
so as to print an image.

The vellow ink has a relatively high lightness. Even
the dark yellow ink, which is darker than the yellow ink, still
has a high lightness, s0 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
the resulting printed image..

In accordance with one preferable application of the

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

conditions are specified with regard to at least the cyan ink,
the magenta ink, and the yellow ink as the plurality of basic
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 yeilow ink. Specification of the dot
on-off conditions with regard to the dark ink is carried out

to enable dots with the dark ink to be created together_ with
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dots of at least one of the basic color inks when an image to
be printed has hues varying from red to green on a Munsell hue
circle.

The image ha\}ing hues varjing from red to green on the
Munsell hue circle is printed by adequately creating dots of
the magenta ink or dots of the cyan ink together with the dots
of the yellow ink. The technique of this application enables

the image having such hues to be alternatively printed by

adequately creating dots of the dark ink together with the dots

of the basic color ink. This arrangement effectively enhances

- the degfee 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
print controller of the present invention, the dot on-off
conditions are specified with regard to at least the cyan ink,
the magenta ink, and the yellow ink as the plurality of basic
color inks. In this case, the dark ink may have a hue that
is closest to the hue of the yellow ink among the cyan ink,
the magenta ink, and the yellow ink. Specificatioh 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 td creation

of dots with either one of the cyan ink and the magenta ink

when an image to be printed has hues varying from yellow to

black.

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 with the magenta ink or the
cyan ink lowers the lightness of the image and makes the dots
of the magenta ink or the cyan ink sufficiently inconspicuous.
The hue of the dark ink is closest to the hue of the yellow
ink. Creation of dots with the dark ink in the yellow image
prior to creation of dots with the 'magenté ink or the cyan ink
accordingly does not make the dots of the dark ink conspicuous
to ioﬁer 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, which has the lower density than that of the cyan
ink, and the dots of the light magenta ink, which has the lower
density than that of the magenta ink, are not so conspicuous
in an image having a relatively high lightness. Dots of the
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
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
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 c¢yan ink',

the rﬁagenta 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 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 color of the 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
image has a sufficiently low lightness. When an image to be
printed has hues varying from magenta to black or hues varying
from cyan to black, creation of dots with the dark ink prior
to creation of dots with the magenta ink or the cyan ink
desirably lowers the lightness of the image and makes the dots
of the magenta ink or the cyan ink sufficiently inconspicuous.
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
relétively inconspicuous in both the magenta image and the cyan
image. Creation of dots with the dark ink prior to creation
of dots with the magenta ink or the cyan ink accordingly does
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
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
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 -préferab_le applicatioﬁ of the

print controller of the present invention, the dot bn-off

.conditions are specified with regard to at least the cyan ink,

the magenta ink, and the yellow ink as the plurality of basic
color inks. In this case, the dark ink may have a hue that
is closest to the hue of the yellow ink among the cyan ink,
the mdgenta ink, and the vyellow 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
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
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
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 image and the cyan image. Using the dark ink having
the above characteristics thus preferably improves the picture
quality of the resulting printed image.

In accordance with another preferable application of the
print controller of the present invention, the dot on-off
conditions are specified with regard to the plurality of basic
color inks including at least the cyan ink, the magenta ink,
and the yellow ink, as well as with regard to the light ink,
which has a hue substantially identical with the hue of the
cyan ink or the magenta ink but a lower density'than that of
the cyan ink or the magenta ink. 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 after creation of dots with the light ink when an
image to be printed has hues varying ffom vellow to 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, 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
makes the dots of the magenta ink and the cyan ink more
inconspicuous. The hue of the dark ink is closest to the hue
of the yellow ink. The dots of the dark ink are thus
inconspicuous in the yellow image and do not lower the picture

quality. Using the dark ink having the above characteristics
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thus preferably improves the picture quality of the resulting

"printed image.

The light ink, whose dot on-off conditions are specified
by the print controller, may be light cyan ink having a hue
substantially identical with that of the cyan J‘_.nk but a lower
density than that of the cyan ink or light magenta ink having
a hue substantially identical wifh that of the magenta ink but
a lower density than that of the magenfa ink. Dots of the dark

ink may be created after creation of dots with these 1light inks.

- More specifically dots of' the dark ink may be created after

creation of dots with both the light cyén ink and the light
magenta ink.

Creating dots with these 1light inks lowers the lightness
in an yellow image. Creating dots with the dark ink further
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
the respective 1inks based on the 1image data and the
corresponding method of controlling the printing operation,
the technique specifies dot on-off conditions with regard to
a plurality of basic color inks, which include at least cyan
ink, magenta ink, and yellow ink, as well as with dark yvellow
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 ink. The printer receives the specification of the dot
on-off conditions and creates dots with the plurality of basic
color inks including at least the cyan ink, the magenta ink,
and the yellow ink and with the dark yellow ink, so as to print
an image. _

The yellow ink has a relatively high lightness. Even
the dark yellow ink, which is darker than the yellow ink, still
has a higher lightness than those of the cyan ink and the magenta
ink. Dots of the dark yellow ink are accordihgly not. so
conspicuous as dots of the cyan ink or the magenta ink. Using
the dark yellow ink in addition to the cyan ink, magenta ink,
and the yellow ink to create dots and print an image thus
significantly improves the picture qualify of the resulting
printed image.

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

region of light absorption substantially identical with that
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of one basic color ink selected out of the plurality of basic
color inks but a lower lightness than that of the selected basic
color ink; a controi information input unit that r_eceive.s the
control informatioh with regard to dots of the plurality of
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 dark ink..

The present invention is also directed to a method of
printing, which corresponds to the printing apparatus of the
above configuration. The present invention thus provides a
method of receiving control information to control creation
of dots with a plurality of different inks and driving a print
head, which créates dots with the plurality of different inks
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
having a main wavelength region of light absorption
substantially identical with that of one basic colér 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
piurality 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 priﬁting an image. -

In the printing apparatus of the present invention and
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the corresponding method of printing, the print head is driven
according to the input control information for bontrolling
creation of dots with regard to the plurality of basic color
inks and the dark iﬁk. Dots with the plurality of basic color
inks and the dark ink are then created on the printing medium
to print an image.

The use of the dark ink in addition to the plurality of
basic color inks enhances the degree of freedom in
specification of dot on-off conditions and thus enables the
adequate specification of the dot on-off conditions. The
supplies of the plurality of ‘basic color inks and the dark ink
are fed to the print head, and the érint head is then driven
according to the results of the specification of the dot on-off
conditions. This arrangement enables the dots to be
adequately formed with the respective inks on a printingmedium,
so as to print an image of high picture quality.

In accordance with one preferable application of the
present invention, the print:i._ng apparatus creates dots with
at least cyan ink, magenta ink, and vellow ink as the dots with
the plurality of basic color inks. -

Thé 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 i:o these various color inks enhances the degree
of freedom in specification of dot on-off conditions and
t_hereby improves the picture quality of the resulting printed
image.

In accordance with another preferable application of the

present invention, the printing apparatus creates dots with
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at least black ink in addition to the cyan ink, the magenta
ink, and the yellow ink. The p‘rin-t-ing apparatué also creates
dots with dark yellow ink, which has a main wavelength region
of light absorption substantially identical with that of the
vyellow ink but a lower lightness than that of the yellow ink.

Creation of dots with the black ink in addition to the
cyan ink, the magenta ink, and the yellow ink further improves
the picture quality of the resulting printed image. The use
of the dark yellow ink in addition to these inks enhances the
degree of freedom in specification of the dot on-off conditions
and thereby improves the picture guality of the resulting
printed image.

In accordance with another preferable application of the
present invention, the printing apparatus creates dots with
at least céyan 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 s_ubstantially 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.

Creation of dots with the variety of color inks including
the light ink improves the picture quality of the resulting
printed image. The use of the dark ink in addition to these
various color 1inks enhances the degree of freedom in
specifiéation of the dot on-off conditions and thereby further
improves the picture quality of the resulting printed image.

In accordance with sill énother preferable application
of the present inven'tion, the.printing apparatus creates at

least two variable-size dots having different sizes with regard
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to at least cyan ink, magenta ink, and yellow ink as the
plurality of basic color inks. |

Creation of the at least two variable-size dots with
regard to the respective inks improves the picture quality of
the resulting'printed image. The use of the dark ink in
addition to these inks enhances the degree of freedom in
specification of the dot on-off conditions and thereby further
improves the picture quality of the resulting printed image.

In accordance with another preferable application of the
present invention, the printing apparatus has an ink reservoir
unit, in which the plurality of basic color inks and the dark
ink are kept independently.

In the printing apparatus having the ink reservoir unit
for independently keéping the plurality of basic color inks
and the dark ink, supplies of the respective inks from the.ink
réservoir unit to the print head caﬁse dots of the plurality
of basic color inks and dots of the dark ink to be created on
the printing medjium. This results in printing an image of high
picture quality. The arrangement of keeping the respective
inks independently means that the respective inks should be
accommodated in a non-miscible manner. These inks may be kept

together in one ink reservoir unit or may be kept separately

in different ink reservoir unit.

In this printing apparatus, the ink reservoir unit may
keep a greater quantity of the dark ink than a quantity of the
one basic color ink corresponding to the dark ink.

When natural images, such as landscapes and portraits,
are printed, a greater quantity of the dark ink is generally

consumed than the quantity of the basic color ink having the
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closest hue to that of the dark ink. The ink reservoir unit
keeping the greater quantity of the dark ink than the quantity
of the corresponding basic color ink thus favorably causes the
gquantities of the respective inks kept in the ink reservoir
unit to be close tb the actual quantifiés of ink cohsumption.
In accordance with one preferable application of the
printing apparatus of the present invention and the
corresponding method of printihg, the print head is driven
according to the input control information to create dots with
the respective inks, wherein the control information controls
creation of dots with the plurality_ of basic color inks, which -
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 absorpfion substantially identical with that of the
yellow ink but a lowei: 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
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 thét keeps at least the cyan ink, the magenta ink, the
yvellow 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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generally consumed than the quantity of the yellow ink. The
ink reservoir unit keeping the greater quantity of the dark
yellow ink than the quantity of the yellow ink thus favorably
causes the quantities of the respective inks kept in the ink
reservoir unit to be close to the acfﬁal guantities of ink
consumption.

The technique of the present invention may be implemented
by a computer, which reads a specific program that actualizes
the functions of the printing system, the print controller,
or the printing apparatus of the present invention discussed
above. One application of the present invention is a recording
medium, in which a specific program for attaining the functions
of the printiﬁg system 6f the present invention is recorded.
The present invention is thus directed to a recording medium,
in which a specific program is recorded in a computer readable
manner. The specific prograni 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
with regard to a plurality of basic color inks and a dark ink
based on input image data, the plurality of basic color inks
being combined with one another to express achromatic color,
the dark ink having a main wavelength region of 1ight absorption
substantially identicai 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 the plurality of basic color
inks and the dark ink, based on the specification of the

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

Another application of the present invention is a

_ recording medium, in which a specific program for attaining

the functions of the print controller of the present inven_tion
is recorded. The pi'esent invention is thus directed to another
recording medium, in which a specific program is recorded in
a computer readable manner. The specific prograin actualizes
a method of supplying control information to a printer, which
creates dots with a plurality of different inks on a printing
medium, in order to control the creation of dots with the
plu'rality of different inks and thereby controlling a printing
operation ‘of the priﬁter. The specific program causes a
computer to attain the functions of: specifying dot on-off
conditions with regard to a plurality of basic color inks and
a dark ink based on input image data, the plurélity of basic
color inks being combined with one another to express
achromatic color, the dark ink having.a main wavelength region
of light absorption substantially identical with that of one
basic color ink selected out of the plurality of basic color
inks but a lower lightness than that of the selected basic color
ink:; and 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.
Still another application of the present invention is
a recording medium, in which a specific program for attaining
the functions of the printing apparatus of the present
invention is recorded. The present invention is thus directed

to a recording medium, in which a specific program is recorded
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in a computer readable manner. The specific program
actualizes a method of receiving control information to control
creation of dots with a plurality of different inks and driving
a print head, which creates dots with the plurality of different
inks on a printihg medium, based on the control information,

so as to print an image. The specific program causes a computer

" to attain the functions of: receiving the control information

to control creation of dots with a plurality of basic color
inks and a dark ink, the plurality of basic color inks being
combined with one another to expréss achromatic color, t.he dark
ink having a main wavelength region of light | absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink; and driving

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 computei: reads any one of the specific programs
recorded in the recording media to actualize the respective
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 pfeferable application of the
present invention, the specific program recorded in the
recording medium for attaining the functions of the print
controller further causes the computer to attain the function
of storing in advance mappings of tints used to express a color
image to combinations of the plurality of basic color inks and

the dark ink to represent the tints. In this structure, the
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dot on-off conditions with regard to the plurality of basic
color inks and the dark ink are specified, based on the mappings
stored in advance. This arrangement ensures the quick and
accurate specification of the dot on-off conditioms.

The plurality of basic color inks generally include the
cyvan ink, the magenta ink, and the yellow ink. It is preferable
that the dark ink has a hue close to the hue of the yellow ink,
which has the highest lightness among these basic color inks.
There is accordingly another possible application of the
recording medium, in which a specific. program for attaining
the functions of the print controller is recorded. The present
invention 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 s.upplying control
information to a printér, 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 printér. The
specific program causes a computer to attain the functions of:
specifying dot on-off conditions with regard to a plurality
of basic color inks and 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
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
baéic 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 also another possible application of the
recording medium, in which a specific program for attaining
the functions of the printing apparatus is recorded. The
present invention 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 receiving
control information to control creation of dots with a
plurality of different inks and driving a print head, which
creates dots with the plurality of different inks on a printing
medium, based on the control information, so as to print an
image. The specific program causes a computer to attain the
functioné of: receiving the control information to control
creation of dots with a plurality of basic color inks and dark
yellow ink, the plurality of basic color inks including at least
cyan ink, magenta ink, and yellow ink, the dark yellow ink
having a main wavelength region of 1light absorption
substantially identical with that of the yellow ink but a lower
lightness than that of the yellow ink; and driving the print
head based on the input control information to create dots with
th_e plurality of basic coior 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
to create dots with at least the cyan ink, the magenta ink,
the yvellow ink, and the dark yellow ink. This arrangement
enables an image of high picture quality to be printed.

In the printing apparatus of the present invention, the

dark ink is supplied by the dark ink supply unit. Other
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possible applications of the present invention are-accordin.gly
ink cartridges, in which the dark is kept. The present
invention is thus directed to an ink cartridge detachably
attached to a printing apparatus, which prints an image w;i.th
a plurality of basic color inks, whérein the plurality of basic
color inks are combined with one another to express achromatic
color. The ink cartridge keeps therein at least one ink to
be supplied to the printing apparatus. The ink cartridge has
an ink reservoir that keeps therein a dark ink, the dark ink
having a main wavelength region of 1light absorption
substantially identical with that of one basic color .ink
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink.

Attachment of this ink cartridge to the printing
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
resuiting printed image.

In accordanée 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
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 wavelength region of the visible range than that of the
selected basic color ink.

In accordance with still another preferable application
of the present invention, the dark ink kept in the ink cartridge
has:

(A) a characteristic wavelength region for strongly
absorbing a ray in a visible range to mainly detérmine 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;

(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 regiqn of the dark ink; and

(C) a mean value of light absorpi:ivity 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
dark inks is kept, to the printing apparatus enables the
printing .apparatus to create dots with the dark ink. This
arrangement improves the picture quality of the resulting
printed image.

In accordance with one pfeferable application of the
present invention, the ink cartridge further keeps therein one
basic color ink selected out of the plurality of basic color
inks._ In accordance with another preferable application of
the present invention, the ink cartridge further keeps therein

black ink, which is achromatic and has a low lightness. 1In

39



10

15

20

25

accordance with still another preferable application of the
present invention, the ink cartridge further 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 color ink.

The arrangement of keeping any of these inks in addition
to the dark ink in the same ink cartridge saves the total space
required for the ink cartridges, compared with separate ink
cartridges that iﬂdependently keep one of these inks therein.

In accordance with another preferable application of the
present invention, the ink cartridge further keeps therein one
basic color ink selected out of the _piurality of basic color
inks 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 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
for the ink cartridges. These color inks including the dark
ink are mainly consumed in the process of printinga 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
to print a color image, together in the same ink cartridge,
separate from the black ink. This arrangement desirably

enables only the ink cartridge keeping inks mainly consumed

"to be replaced according to the image to be printed.

The ink cartridge of the present invention may . keep
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therein an ink having the following characteristics as the dark
ink: |

(A) a characteristic wavelength region that is mostly
in a wavelength range of 400 nm to 500 nm, the characteristic
wavelength region strongly absorbing a réy in a visible range
to mainly determine the hue of the dark yellow ink:; and

(B) a mean value of absorptivity of the ray in the visible
range except the characteristic wavelength region, which
ranges from 10% to 60%.

The ink cartridge of the present invention may
alternatively keep therein an ink having the following
characteristics as the dark ink:

(A) a hue included in a specific range of 10R to 10GY
on a Munsell hue circle; and

(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.

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 presént invention
is further directed to an ink cartridge that keeps therein
vyellow ink, dark yellow ink, cyan ink, light cyan ink, magenta
ink, and light magerita ink. |

The arrangement of keeping these inks together in the

same ink cartridge saves the total space required for the ink
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cartridges, compared with separate ink cartridges that
independently keep one of these inks therein.

In accordance with one preferable ap'plicatibn of the ink
cartridge, the capacity of the dark yellow ink may be set to
be greater than the capacity of the yellow ink. When a natural
image, such as a landscape or a portrait, is printed, the
coﬁsumption ofl the dark yellow ink tends to be greater than
the consumption of the yellow ink. The greater capacity of
the dark yellow ink than that of the yellow ink thus enables
these two inks to be used up at substantially the same time.
This arrangement desirably reduces the waste of ink by a
replacement of the ink cartridge, in which one ink is used up
but a large quantity of the other ink still remains.

The present invention 1is also directed to an ink
cartridge that keeps therein dark yellow ink, light cyan ink
and light magenta ink. The arrangement of keeping these inks
together in the same ink cartridge saves the total space
required for the ink cartridges, comp-ared with separate ink
cartridges that independently keep one of these inks therein.
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
ihk, and the 1light magenta ink in the same ink cartridge enables
only this ink cartridge to be replaced according to the image
to be printed.

In accordance with one preferable application of the
present invention, the ink cartridge further has a storage
device that stores information regarding a quantity of each

ink kept therein in a readable, writable, and volatile manner.
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Storing the information regarding the quantity of each
ink kept in the ink cartridge ensures 'the_ printing operation
based on the information with regard to the accurate remaining
quantity of ink. This arrangement _effectively prevents the
ink from being 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 written first by the printing apparatus and in which the
information regarding the quantity of each ink kept in the ink
cartridge is stored. |

The area written first is, for example, a 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
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,
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
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 app'aratus. The ink supplier includes a sealed ink

reservoir that keeps an ink in a sealing manner, and an ink
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supply unit that feeds a supply of the sealed ink to the ink
cartridge. The ink sealed in the sealed ink reservoir has the
following characteristics:

(A) a characteristic wavelength region that is mostly
included in a wavelength rangé 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) a mean iralue of absorptivity of the ray in the visible
range except the characteristic wavelength region, which
ranges from 10% to 60%.

.'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
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
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
the ink supplier to the ink cartridge enables continuous
creation of dots with the dark ink to print an image of high
picture quaiity.

The ink sealed in the ink supplier may alternatively have

the following characteristics:
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(2) a hue included in a Specific range of 10R to 10GY

on a Munsell hue circle: and_

(B) a saturation of smaller than 3.5C on a Munsell chroma. |

This ink may also be used as the dark ink. A supply of
this ink sealed in the ink supplier to the ink cartridge enables
creation of dots with the dark ink.

The technique of the present invention may be implemented

. by a program code that is stored in a computer to attain the

functions of the printing system, the print controller, or the
printing apparatus of the present invention discussed above.
The computer then executes the respective functions written
in the prbgram 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
print an image on a printing medium is written in a computer
readable manner. The mefhod 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
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 pPlurality
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 color inks and the dark ink.

A second possible application of the present invention

is a program code, in which a method of supplying control
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information to a printer, which creates dots with a plurality
of different inks on a printing medium, in order to control
the creation of dots with the plurality of different' inks and
thereby controlling a printing operation of the printer 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 another to express achromatic color, the dark ink
having a main wavelength region of light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than that of 'thé selected basic color ink; and
outputting the specification of the dot on-off conditions with
regard to 'thé 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 poss_ible application of the present invention
is a program code, in which a methbd of receiving control
information to control creation of dots with a plurality of
different inks and driving a print head, which creates dots
with the plurality of different inks on a printing medium, based
on the control information, so as to print an image is written
in a computer readable manner. ' The method actualizes the
functions of: receiving the control information to control
creation of dots with a plurality of basic color inks and a
dark ink, the plurality of basic color inks being combined with
one another to express achromatic color, the dark ink having

a main wavelength region of light absorption substantially
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identical with that of one basic color ink selected out of the
plurality of basic color inks but a lower lightness than that
of the selected basic color ink; and 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.

Any of the print controll_ers and the printing apparatuses

- of the present invention discussed above may provide a

plurality of dark inks and uses a most suitable dark ink or
the plurality of dark inks simultaneously according to an image
to be printed. The 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,

- which creates dots with a plu_rality of different inks, in order

to confrol 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
to express achromatic color, and each of the dark inks has a
main wavelength region of light absorption substantially
jdentical 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 bas-ic_ color ink. The print contrqller
includes: a dot on-off condition specification unit that
specifies dot on-off conditions with regard to the plurality
of basic color inks and the plurality of dark inks, based on
input image data: and a control information output unit that

outputs the specification of the dot on-off conditions with
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regard to the plurality of basic color inks and the plurality
of dark inks to the printer as the control information.

A fifth possible application of the present invention
is a printing apparatus that has a print head to create .dots
with a plurality o_f different inks on a printing medium,
receives control infbrmation to control the creation of dots
with the plurality of different -inks , and actually creates dots
with the plurality of different inks, based on the input control
information, so as to print an image. The printing apparatus
includes: a basic color ink supply unit that supplies a
plurality of basic color inks to the print 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
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
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.

These and other objects, features, aspects, and
advantages of the present invention will become more apparent
from the following detailed description of the preferred

embodimeht with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a.block diagram sch‘ematically illustrating the
structure of a printing system including a print controller
and a color printer in one emboc_iiment according to the present
invention;

FJ.g 2 is a block diagram illustrating a software
configuration of the printing system of the embodiment:

.Fig. 3 schematically illustrates the structure of the
color printer of the embodiment;

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
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
cartridges attachable to the color printer of i:he embodiment:

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

Fig. 10 is an enlarged view illustrating a storage
element mounted on the side face of the ink cartridge:

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

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

color printer of the embodiment;
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Fig. 13 is a graph showing the curves of lightness with
regard to the respective inks hav:_Lng the compositions shown
in Fig. 12; |

Figs. 14A through 14E are graphs conceptually showing
the spectroscopic characteristics of the respective color inks
used in the color printer of the embodiment;

Fig. 15 1is a graph showing the spectroscopic
characteristics of dark. yellow ink that is designed by
utilizing the degree of freedom in spectroscopic settings in
a wavelength region of longer than 650 nm;

Fig. 16 shows expression of colors with dots of dark
yellow 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;

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
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
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 coloer

ink in the case of printing a gradation pattern from red to
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black with the color printer of the embodiment;
Figs. 26A, 26B, and 26C 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 magenta

to black with the color printer of the embodiment:

Figs. 27A, 27B, and 27C show results of simulative
computation of the dot record;i.ng ratiowith regard to each color
ink in the case of printing a gradation pattern from white to
blaék’with the color printer of the embodiment:; |

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

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.

DESCRIPTION OF THE PREFERRED EMBODIMENT
One mode for carrying out the present invention is

described below in the following sequence as a preferred
embodiment:
A. Structure of Apparatus

A-1. General Structure

A-2. Structure of Ink Cartridge

A-3. Dark Yellow Ink

B. Image Processing
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B-1. Process of Converting Resolution

B-2. Color Conversion Process .

B-3. Process of Converting Number of Tones

B-4., Binarization by Error bPiffusion Method

B-5. Binarization by Systematic Dither Method

B-6. Interlace Procesé
C. Results of Simulations

C-1. Gradation Pattern from Red to Black

C-2. Gradation Pattern from Magenté to Black

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

Fig. 1 is a block diagram schematically illustrating the

structure of a printing system including a print controller
and a printing apparatus in one embodiment according to the
present invention. Fig. 2 is a block diagram illustrating a
software configuration of the printing system of the embodiment.
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
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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form by the printer 20 and input into the color printer 20.
The image data processible by the computer 80 include those

representing images read by the color scanner 21 with or without

.Subsequent processing, as well as those representing images

generated by a variety of application programs 91 .on the
computer 80. The color printer 20 creates dots of various color
inks on a sheet of printing paper based on the input image data
FNL.. The series of this procedure enables a resulting color
image corresponding to the color image data output from the
computer 80 to be printed on the printing paper.

The computer 80 includes a CPU 81 that 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)
88, which are mutually connected via a bus 89 to allow
transmission of data. The CRTC 86 controls output of signals
to a cqlor 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
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 6f 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
26 from a serer SV on an external network.

A supply of power to the computer 80 activates the
operating sysfem stored in the ROM 82 and the hard disk 26 and
a variét-y of application programs 91 under the control of the

operating system.

53



10

15

20

25

The color printer 20 of this embodiment is a color ink
jet printer that forms dots of seven different color inks, that
is, cyan, light cyan, magenta, light magenta, yellow, dark
yellow, and black inks, on a sheet of printing paper and thereby
prints a color image. The ink jet printer applied in this
embodiment uses pilezoelectric elements PE to eject ink as
discussed later. The printer may, however, have a print head
that ejects ink by another technique, for example, by means
of bubbles that are generated in an ink conduit by é. supply
of electricity to a heater disposed in the ink conduit.

In color printers 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,
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
system. A video driver 90 and a printer driver 92 are
incorporated in the operating system, and image data output
from each application program 91 are output to the color printer
20 via the printer driver 92. The application program 91 that
processes an ir_lput image, for example, by retouch causes the
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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instruction, the printer 'driver 92 of the computer 80 receives
image data from the applicatibn program 91 and carries out
predetermined image processing to convert the input image data
to image data FNL that are printable by the printer 20. As
shown conceptually in Fig. 2, fhe image processing carried out
in the printer driver 92 ismainly classified into four modules,
that is, a resolution conversion module 93, a color conversion
module 94, a halftone module 95, and an interlace module 96.
The details of the image processing carried out by each module
will be discussed later. The image data received by the ﬁrinter _
driver 92 are subjected to the image processing per.forméd by

the respective modules and are output as the f£final image data

-FNL to the color printer 20. The coldr printer 20 of this

embodiment does not carry out the image processing but simply
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
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 mechanis'm of
feeding a sheet of printing paper P by means of a sheet feed
motor 35, and a control circuit 60. The mechanism 'of.
reciprocating the carriage 40 along the axis 6f the platen 36
includes a sliding shé.ft 33 that slidably holds the carriage
40 arranged in parallel with the axis of the platen 36, a pulley

32 that is linked with the carriage motor 30 via an endless
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drive belt 31 spannéd therebetween, and a position sensor 34
that detects the position of the origin of the carriage 40.
The mechanism of feeding the printing paper P includes i:he
platen 36, the sheet feed motor 35 that rotates the platen 36,
a sheet-feed assist roller (not shown), and a gear train (not
shown) that transmits the rotation of the sheet feed motor 35
to the platen 36 and the sheet-feed assist roller. The control
circuit 60 transmits signals to and from a control panél 59
of the printer 20 and adequately controls the operations of
the sheet feed motor 35, the carriage motor 30, and the print
head 41. Tﬁe sheet of printing paper P fed to the color printer
20 is held between the platen 36 and the sheet-feed assist
roller and fed by a predetermined length according to a
rotational angle of the platen 36.

Ink cartridges 42 and 43 are detachably attached to the
carriage 40. In one example, the ink cartridge 42 has only
black (K) ink kept therein, whereés 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
as three additional color inks, that is, 1light cyan (LC), light
magenta (LM), and dark yellow (DY) inks, kept therein. Namely
the color printer 20 has dark ink in addition to the standard
ink with regard to yellow, and light ink in addition to the
standard ink with regard to cyan and magenta. |

The combination of these .inks may be changed. For
example, the dark yellow (DY) ink, the light cyan (LC) ink,
and the light magenta (LM) ink may be kept in one ink cartridge.
In another example, only the dark yellow (ﬁY) ink may be kept

in a separate ink cartridge. The structures of these ink
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cartridges will be discussed in detail later.

The ink cartridge 43 has a storage element 52 (see Fig.
6), in which pieces of information, for example, with regard
to the remaining quantities of the respective inks, are stored.
The storage element 52 has an EEPROM. The computer 80 writes
and reads the data regarding the remaining quantities of inks
into and from the storage element 52 via the control circuit
60 of the color printer 20. The details of the process of
reading and writing the data regarding the remaining quantities
of inks will be discussed latei:'.

The print head 41 disposed on the lower portion of {:he
carriage 40 has ink ejection heads 44, 45, 46, 47, 48, 49, 50
that respectively correspond to the K, C, LC, M, LM, Y, and
DY inks. Ink supply conduits (not shown) are formed for the
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
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 interhai structure of the print head
41. Forty eight nozzles Nz are formed in each of the ink
ejection heads 44 through 50 dorresponding to the respective
colors. Each nozzle has an ink conduit 51 and a piezoelectric
element PE arranged on the ink conduit 51. As is known by those
skilled in the art, the piezoelectric element .PE deforms its

crystal structure by application of a voltage and implements
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an extremely high—speed.conversion of electrical energy into
mechanical energy. In this embodiment, when a preset voltage
is. applied between electrodes on either end of the
piezoelectric elements PE for a predetermined time period, the
piezoelectric element PE is expanded for the predetermined time
period to deform one side wall of the ink conduit 51 as shown
in Fig. 4B. The volume of the ink conduit 51 is reduced
according to the expansion of the piezoelectric element PE.
A certain quantity of ink corresponding to the reduction is
ejected as an ink particle Ip from the nozzle Nz at a high speed.
The ink particle Ip soaks into the printing paper P set on the
platen 36 and creates a dot on the printing paper P.

Figs. 5A and 5B show possible arrangements of ink jet
nozzles Nz on the ink ejection heads 44 through 50. In the
example of Fig. 5A, only the black (K) ink is kept in the ink
cartridge 42, whereas the six different color inks, that is,
cyan (C), magenta (M), yellow (Y), light cyan (LC), light
magenta (LM), and dark yellow (DY) inks, are kept in the ink
cartridge 43. Acc_:ommpdation of a plurality of different inks
in one ink cartridge desirably reduces the required number of
ink cartridges and the total space required for attachment of
the ink cartridges. In another example as shown in Fig. 5B,

the DY ink may be kept with the LC and LM inks in the same ink

' cartridge. In still other examples, the DY ink may be kept

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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at a preset nozzle pitchk. The forty eight nozzles Nz included
in each nozzle array may be ai:ranged in alignment, instead of
in zigzag. The zigzag arrangement shown in Fig. 5A, however,
has an advantage that the nozz]_.e array can be designed to have
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
moving direction of the carriage 40. Since the nozzles
included in each ink ejection head are arranged in zigzag, the:
nozzles are also shifted in position in the moving direction
of the carriage 40. The control circuit 60 of the color printer
20 drives the respective ink ejection heads 44 through 50 at
suitable head drive timings by taking into account the
positional differences of the nozzles in the course of moving
the carriage 40 and driving the nozzles.

Fig. 6 illustrates the internal structure of the éontrol
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

. 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 guantities
of consumption of inks are read from or written into the storége
element 52 incorporated in thé ink cartridge 43 via the PIO
65. The drive buffer 67 fﬁnctions 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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outputs driving waveforms at selected frequencies and a
distributor 69 that distributes the outputs from the oscillator
70 to the ink ejection heads 44 through 50 at spec:l.fied'timings.
The control circuit 60 constructed as shown in Fig. 6
receives 'the image data FNL output from the computerl 80 and
temporarily stores the dot on/off signals in the RAM 63-. ' The
CPU 61 outputs the dot data to the drive buffer 67 at preset

timings synchronously with the operations of the sheet feed

. motor 35 and the carriage motor 30.

The following describes a mechanism of creating dots in
response 'to the dot on/off signals output from the CPU 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
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
buffer 67 and the other electrodes collectively connected to
the output terminal of the distributor 69. The driving
waveforms of the .osc':illator 70 are output from the distributor
69 as shown in Fig. 7. When the CPU 61 outputs the dot on/off
signals of the respective nozzles to the drive buffer 67, only
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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The color printer 20 having the hardware configuration
discussed above drives the carriage motor 30 to move the ink
ejection heads 44 through 50 of the respective colors relative
to the printing paper P in the main scanning direction, and
drives the sheef feed motor 35 to shift the printing paper P
ina sub-scanning direction. Under the control of the control
circuit 60, the print head 41 is driven at adequafe timings
while the main scans and sub-scans of the carriage 40 are
repeated. The color printer 20 accordingly prints a color
image on the printing paper P.

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
six different color inké, 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
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
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 quantity of the
ILC 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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M ink. The arrangement of setting the quantities of inks kept
in one ink cartridge according to the expected quantities of
use of the respective inks enables all the color inks to be
used up at substantially the same time. Namely this
arrangement reduces the waste of ink.

Figs. 9A and 9B are graphs showing observed quantities
of ink consumption when natural images, such as landscapes and
portraits, are printed with the color printer 20 of the
embodiment. The consumed guantities of the respective color
inks are varied to some extent by'a'variety of settings in the
color printer 20 as described later. The expected quantities
of use of the respective color inks can, however, be roughly
specified by such observed values.

Fig. 9A shows the mean consumed quantities of the
respective color inks with regard to typical nine images
including landscapes and portraits. In the graphs of Figs.
9A and 9B, the consumed quantity of each color ink is shown
as a relative value to a predetermined reference value. Fig.
9B shows the consﬁmed gquantities of the respective color inks
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
20 for printing.

The curves of dotted 1line in both Figs. 9A and 9B represent
the observed quantities of ink consumption with the color
printer that does not use the DY ink but uses only six inks,

C, LC, M, LM, Y, and K. Since the natural images generally
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have a large fraction of medium tones, the greater quantities
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
similar to a mixture of the Y, LC, and LM inks as described
iater. The similar images can thus be printed by creating dots
of the DY ink, instead of creating dots of the Y ink, the LC
ink, and the LM ink. The curves 'of solid li-ne in both Figs.
9A and 9B represent the observed quantities of ink consumption
when the DY ink as well as the other inks are used to print
an image. The ratio of replacement of the Y dots, the LC dots,
and the LM dots with the DY dots may be varied according to
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.

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. %A

and 9B). As m‘éntioned previously, a large number of the Y dots,
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 fhe DY ink enables a large-.
portion of the ¥ .dot-s, the LC dots, and the LM dots to be
replaceable with the DY dots. In the measurement results of
Figs. éA and 9B, the consumption of the DY ink is approximately
double the consumption of the Y ink.

As in the case without the DY dots, in the case with the
DY dots, the consumption of the LC ink tends to be greater than
that of the C ink and the consumption of the LM ink tends to
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be greater than that of the M ink. Formation of the DY dots
enables reduction of the number of the LC dots and the LM dots
and thereby ensures a certain margin for the restriction of
ink duty. The C dots and the M dots are accordingly replaced
with. the more inconspicuous LC dots and the LM dots. This
results in reducing the number of the C dots and the M dots,
while not significantly varying the total number of the LC dots
and the LM dots. In the case with the DY dots, the consumption
of the LC ink is thus greater than the consumption of the C
ink, and the consumption of the LM ink.is greater than the
consumption of the M ink.

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
a greater capacity of the LM ink than that of the M ink. Namely
the quantities of 1inks kept in the ink cartridge 43
subst'antially 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
ink cartridge.

As descfibed 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 in_k
cartridge 43. The combination of the color inks kept in the
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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element 52 but the other ink cartridges do not have the storage
element 52.

In the case where only the DY J.nk alone is kept in an
ink cartridge as shown in Fig. 8B, there is no necessity of
replacing the ink cartridge until the DY ink is completely used
up. This arrangement perfectly prevents any waste of the DY
ink. Since the consumption of the DY ink is greater than the
consumption of the Y ink, it is preferablé to set the capacity
of the DY ink greater than the capacify of the Y ink. This
prevents the frequent replacement of the ink cartridge of the
DY ink. The ink cartridge with the only DY ink 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 pi:'inter driver for the DY ink
available alone or with the ink cartridge of the DY ink enables
creation of the DY dots even in the color printer that has been
designed without any considération of the DY ink. Creation
of the DY dots enables an image of high picture quality to be
printed, because of the reasons discussed later.

In another example shown in Fig. 8C, the three color inks,
DY, LC, and LM inks, are kept in one ink c_artridge, 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
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, tdgethef in one ink cartridge separately from the other

color inks preferably prevents the waste of the C, M, and Y
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inks when only the DY, LC, and LM inks are used up by printing
a large number of natural images. The arrangement of keeping
the K ink alone in one ink cartridge separately from the C,
M, and Y inks also preferably prevents the waste of the C, M,
and Y inks when only the black ink is used up by printing a
large number of black and white images, such as documents.

As shown in the examples of Figs. 8D through 8F, the DY
ink may be kept together with one or a plurality of other inks
in one ink cartridge. This arrangement desirably saves the
total space required for the ink cartridges.

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

As explicitly shown in Fig. 8A, the storage elément 52
for storing data, for example, with regard to the guantities
of consumption of the respective color inks is mounted on the
side face oflthe 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.

Fig. 10 is an enlargéd view illustrating the storage

element 52 mounted on the side face of the ink cartridge 43.

The storage element 52 has a plurality of 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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is in direct contact with the ink cartridge 43 has a plurality
of connectors (not shown) thaf are connected with the
connection terminals 53 of the storage element 52. When the
ink cartridge 43 is attached to the carriage 40 of the color
printer 20, the plurality of connection terminals 53 are
electrically connected with the plurality of connectors on the
carriage 40 to allow the data transmission between the color
printer 20 and the storage element 52.

Fig. 11 shows the data structure of the EEPROM
incorporated in the storage element 52. The numerals in the
left column of Fig. 11 denote the addresses in the storage
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
a first storage area 660 and a second storage area 650. l.I‘he
color printer 20 enables both the reading and writing
operation_s 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
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
a region of lower addresses than thosé to the second storage
area 650. The allocation of the first storage area 660, which
data are frequently read from and 'wr'itten in, to the region
of the lower addresses ensures the quick data reading and.

writing operations by the sequential access. This arrangement

67



10

15

20

25

énables application of an inexpensive EEPROM for the expendable
ink cartridges.‘

As shown in Fig. 11, the data on the remaining quantities
of the C, M, ¥, LC, LM, and DY inks are stored in the first
storage area 660. The remaining quantiti-es 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 example, by an accidental power breakdown in
the course of writing data. The remaining quantities of inks
are stored with regard to all the inks kep.t in the ink cartridge.

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
(year and monfh) 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 dgta on the year, month, and
date of manufacture of the ink cart-ridge, the data on the
productlon line, the serial number data of the ink cartrldge
and the data showing Whether the ink cartridge is new or
recycled.

The computer 80 reads the data from the storage element
52 at predetermined timings, for example, at the time 6f power
supply to the color printer 20, and writes the data on the
remaining quantities of the respective inks :_i.nto the storage
element 52 at predetermined timings, for exainple, at the time
of completion of the printing operation or at the time of power
cut to the color printer 20. This arrangement enables the

printer driver 92 to accurately obtain the type of ink currently
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used and the remaining quantity of each ink. The color printer
20 of the embodiment thus enables appropriate printing"
operations and effectively prevents ink from being used up in
the course of the prinfing operation.
A-3. Dark Yellow Ink

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

color printer 20 of the embodiment. Each color ink is a mixed

. solution obtained by adding adequate quantities of each color

dye and diethylene glycol for the adjustment of the viscosity
to an aqueous solution of Surfinol. The dark yellow ink used
in this embodiment is brepared 'by adding substantially
equivalent quantities of Direct Blue 199, which is the dye of
the cyan ink, and Acid Red 289, which is the dye of the magenta
ink, to Direct Yellow 86, which is the dye of the yellow ink.
The composition of the dark yellow ink is, however, not
restricted to this example. The dark yellow ink may contain
the varying ratio or quantities of Direct Blue 199 and Acid
Red 289 or may be prepared by adding a small quantity of Food
Black 2, which is the dye of the black ink, to Direct Yellow
86. The dark yellow ink may also have a less content of Direct
Yellow 86 by adding greater quantities of DiJ_:'ect Blue 199 dnd
Acid Red 289 or by adding a greater quantity of Food Black 2.
The dye of the yellow compohent used for the dark yellow ink
may be identical with or different from the dye used for fhe
yellow ink. The yellow dyes, Such as Direct Yellow 132 and
Acid Yellow 23, may be used in place of Direct Yellow 86, which
is the yellow dye used for the yellow ink.

As clearly understood from the above explanation, the

dark yellow ink may have the following definition based on the
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ability of reproducing colors in the color printer. The dark
yellow ink has a lower lightness than that of the yellow ink.
Dots of the dark yellow inklcan not express achromatic gray
color alone, but can represent the achromatic color in.
combination with dots of the cyan ink and dots of the magenta

ink. In this embodiment, the viscosity of each color ink is

- adjusted to be approximately 3 mPa's. The same control

procedure can thus be applied for the piezoelectric elements
PE allocated to any ink.

Figs. 14A through 14E are. gra‘phé conceptually showing
the variations in reflectivity against the wavelength of light
with regard to the color inks used in this embodiment.
Referring to Figs. 14A through 14(;, the cyan (C) ink
characteristically absorbs light in the wavelength region of
600 nm to 700 nm, the magenta (M) ink characteristically absorbs
light in the wavelength region of 500 nm to 600 nm, and the
vellow (¥) ink characteristically absorbs light in the
wavelength region of 400 nm to 500 nm.

The graphs of Figs. 14D and 14E conceptually show the
variations inreflectivity against the wavelength of 1light 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.
Since the DY1 ink contains small quantities of the dyes of the
cyan ink and the magenta ink in addition to the dye of the yellow
ink (see Fig. 12), the DYl ink mainly absorbs the ray of the
wavelength region characteristic of the yellow ink and also

slightly absorbs the rays of the wavelength regions
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characteristic of the cyan ink and the magenta ink. Varying
the quantities of addition of Direct Blue 199 and Acid Red 289
changes the absorption the rays of the wavelength regions

characteristics of the cyan ink and the magenta ink. Since

‘the DY2 ink contains a small Quantity of the dye of the black

ink in addition to the dye of the yellow ink, the DY2 ink mainly
absorbs the ray of the wavelength region characteristics of
the yellow ink and also increases absorption over the

wavelength region of 500 nm to 700 nm. Varying the quantity

-of addition of Food Black 2 changes the absorption in the

wavelength region of 500 nm to 700 nm. The graphs'of Fig. 14D
and 14E exaggerate the difference in characteristics of light
absorption between the DYl ink and the sz ink. The actual
difference in characteristics of 1ight absorption between the
DY1 ink and the DY2 ink is not so clear as that illustrated
here. _

The comparison between the reflectivity of the DY1l ink
or the DY2 ink and the reflectivity'of the Y ink shown in Fig.
14C clearly shows that the reflectivity of the DY1 ink or the
DY2 ink is lowered in the wavelength region of visible rays.
This means that both the DY¥1 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
as discussed later.

Fig. 13 is a graph showing the curves of 1ighthess 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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dots formed per unit area. For example, the dot recording ratio
of 100% represents the state in which dots are formed in all
the pixels. The dot recording ratio of 50% represents the state
in which dots are formed in half the pixels. The dot recording
ratio of 0% represents the state in which no dots are :_Eormed
in any pixels. The dot reéording ratio is explained in detail
later.  The lightness plotted as ordinate in the graph of Fig.
13 rebresents the brightness of the image relative to the
background color of the printing paper. The 1ightness' of 100%
represents the background color of the printing paper. The
brightness of the image decreases with a decrease in lightness.
Any ink has the lightness of 100% at the dot recording ratio
of 0%. The '1ightness decreases with an increase in dot
recording ratio, that is, with formation of more dots.
Comparison of the b_rightness between the images at a fixed dot
recording ratio shows i:he difference in lightness between the
respective color inks.

The results of the measﬁrement shown in Fig. 13 show that
the DY ink having the composition shown in Fig. 12
(corresponding to the DY1 ink shown in Fig. 14D) is darker than
the Y ink, the LC ink, and the LM ink but brighter than the
C ink, the M ink and the K ink.

The DY ink may have any composition as shown in the
examples of Figs. 14D and 14E. Fig. 15 is a graph showing the
observed curve of_reflectivity against the wavelength of 1light
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 i:o the DY1 ink is also
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plotted by the dotted line. As shown in the graph of Fig. 15,
like the reflectivity of DY1 ink, the reflectivity of the DY3
ink has a characteristic area of small reflectivity (that is,
the area characteristically absorbing 1light) in the wavelength
region of 400 nm to 500 nm. Thi-s is characteristic of the vyellow
ink. The reflectivity of the D¥3 ink rises in a wavelength
region of longer than about 650 nm. It is known that the
sensitivity of human eye to the color is abruptly lowered in
the wavelength region of longer than about 650 nm. Although
the DYl ink and the DY3 ink have significantly different
behaviors on reflectivity in the wavelength region of longer
than 650 nm as shown in Fig. 15, they are recognized as
substantially the same cdlor by the vision of the human eye.
This means that there is a significant degree of freedom in
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

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

in reflectivity in the short wavelength region.

The following deécribes, with Fig. 16, the phenomenon
that the properties of the DY ink can be regulated to some extent
by utilizing the degree of freedom in reflectivity in the

wavelength region of longer than 650 nm. Fig. 16 shows the
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observed colors expressed on the printing paper under the
condition of a gradual increase in recording density of dots
(dot recording ratio) formed with the DY ink on the printing
paper. The abscissa represents the a* axis in the L*a%*b#*

colorimetric system, and the ordinate represents the b* axis.

" The area of positive values (+) along the a* axis substantially

corresponds to the red color, whereas the area of negative
values (-) along the a* axis substantially corresponds to the
green color. The area of positive values (+) alohg the b* axis
substantially corresponds to_ the yellow color, whereas the area
of negative wvalues (-) along the b* axis substantially
corresponds to the blue color. The position shown by ST in
the graph of Fig. 16 shows the coordinates reéresenting the
background color of the printing paper. '

In the case where dots ere formed with the DY1 ink shown
in Fig. 15 on the printing paper, the color expressed on the
printing paper follows a locus shown by the dotted line with
an increase in dot recording ratio. Namely the hue becomes
slightly greenish with an increase in dot recording ratio. 1In
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 characterisfics 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
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 greenislh with an increase
in dot recording ratio significantly improves an image having

the hue of green and low lightness. 1In a similar manner, the
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use of the DY ink having the hue becoming reddish with an
increase in dot recording ratio significantly improves an image
having the hue of red and lbw lightness. The ink having the
hue in a range of 10R to 10GY on a Munsell hue circle is
applicable for the DY ink. 1In the example of the DY3 ink shown
in Fig. 15, the reflectivity of light is increased in the
wavelength region of longer than 650 nm by utilizing the degree
of freedom in. design of the ink in this wavelength region. The
ink may alterﬁatively be designed to lower the reflectivity
of light in this wavelength region. |

Fig. 17 shows the strﬁcture 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

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
57 of the ink supplier 55 is removed, and the filler inlet 57
is stuck to an ink supply inlet (not shown) formed in the bottom
face of the ink cartridge. The piston 58 is then pressed down
to slowly press the ink out of the sealed vessel 56, so as to

feed a supply of ink to the ink cartridge.

B. Image Processing
The color printer 20 forms dots of the respective color
inks including the DY ink discussed above, so.as to print a

color image. In order to enable the color printer 20 to.create
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dots of the respective color inks, the computer 80 should carry
out predetermined image processing with regard to image data
ORG repfesenting. a color original image and output the
processed image data FNL to the color printer 20. The image
processing is executed by the printer driver 92 of the computer
80. Fig. 18 is a flowchart shoWing an image processing routine
executed by the printer driver 92.
When the program enters the image processing routine of
Fig. 18, the CPU 81 in the computer 80 first receives image
data to be processed at step S100. As described previdusly
with Fig. 2, the image data are generated by the appl'ication
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
blue (B). The image of each coior is expressed as a set of
pixels individually having tone values. In the case of 8-
bii_: image data, each pixel may take one of 256 tone values in
a range of 0 to 255.
B-1. P £ Co £q R luti
| 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
is expressed as a set of pixels. - The length on a printingmedium
corresponding to one pixel depends upon the size of an image
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 f.or 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 printer resolution. Ih the case where the resolution of
the image is lower than the printer resolution, linear
interpolation is performed to generate a new piece of image
data between two adjacent pieces of existing data. In the case
where the resolution of the image is higher than the printer
resolution, on the contrary, the resolution is lowered by
skipping some pieces of image daté at a preset rate. The
process of step S102 makes the resolution of the image
coincident with the printer resolution in this manner.
After completion of the resolution conversion process,
the CPU 81 carries out a color conversion process at step S104.
As described previously, the application program 91 expresses
a color image as tone image data of three colors, red (R), green
(G), and biue (B). The color printer 20, on ‘the other hand,
expresses a color image, in'_principle, by subtractive mixture
of three color stimuli, cyan (C), magenta (M), and yellow (Y¥).
In order to print a color image, it is accordingly required
to convert the expression of a color image with the three colors
R, G, and B to the expression of a co’lof image with the three
colors C, M, and Y. The process of si:ep 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,
LM, DY. For the clarity of éxplanation, however, it is assumed
that the process carries out the color conversion to the fhree
basic colbrs C,l M, and Y. The color conversion process changes
the tone image data of R, G, and B respectively having the 256

tone values to tone image data of C, M, and Y respectively having
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the 256 tone values.

In the actual procedure, the CPU 81 refers to a conversion
table as shown in Fig. 19, so as to convert the R, G, and B
tone values into the C, M, and Y tone values. As shown in Fig.
19, the conversion table is a t;hree-dimensional mathematical
table (color solid) having the tone values of R, G, and B as
axes. In this embodiment, eadh axis takes the values in the
range of 0 to | 255. A space defined by the mutually
perpendicular R, G, and B axis is referred to as the color space.
The conversion table divides the color solid into a numb.er of
small cubes. Each cube haé vertexes, at each of which a
corresponding set of the C, M, and Y tone values is registered.

The color conversion is carried out in the following
manner by referring to the conversion table. For example, it
is assumed that a color defined by RA, GA, and BA as the tone
values of R, G, and B is to be expressed by the tone values
of C, M, and Y. The process finds a small cube (dV) including
a point A having the coordinates (RA,GA,BA) in the color space.
The process then carries out interpolation with sets of the
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
color solid of R, G, and B tone values. When tone values of
the K (black), LC (light cyan), LM (1ight magenta), and DY (dark
yellow) 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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included in the color solid of R, G, and B tone values. 1In
accordance with another possible application, intermediate
sets of C, M, and Y tone values, sets of C, M, ¥, and K values,
or sets of C, M, Y, K, LC, and LM tone values may be stored.
in the conversion table. The process calculé.tes the final tone
values of C, M, Y, K, LC, LM, and DY from the intermediate values
stored in the conversion table.

Figs. 20A and 20B conceptually show a method of
calculating tone values of seveﬁ colors C, M, Y, K, LC, LM,
and DY from the tone values of six colors C, M, ¥, K, LC, and
LM in a shadow area (area having low lightness). Fig. 20A shov;vs
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.
The tone value of each color corresponds to the density of dots
formed with the color ink on the printing medium. .

Fig. 20B shows a case in which half the tone value of
Y is replaced with the tone wvalue of DY. As explained
previously with Fig. 2, the DY ink has certain contents of the
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 coﬁtent of the respective dyes. As shown
in Fig. 20B, the reduction results in producing a margin for
the restriction of ink duty. |

In order to increase the darkness of the dark red from
the state shown in Fig. 20A, it is required to decrease the
tone values of C, M, and Y and increase the tone value of K
(that is, create K dots). As described previously, however,

creation of K dots results in the poor granularity unless the
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K dots are formed in very dark red. When there is a certain
margin for the restriction of ink 'duty as shown in Fig. 20B,
the dark red can be further darkened by increasing the tone
value of LC or C. This pfevents the poor granularity due to
creation of K dots. The margin for the restriction of ink duty
is enhanced by increasing the rate of replacement of the Y tone
value with the DY tone value or by .increasing the contents of
the dyes of the cyan ink and the magenta ink included in the
DY ink, as described later.

In most cases, the color correction process is carried
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.
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
scanners or the printing apparatuses.

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
represents an image of 256 tones with regard to the seven colors
C, M, Y, X, LC, LM, and DY. The printer, on the other hand,
creates dots on the printing paper to reproduce an image, and
generally has only two levels, that is, the dot-on state and

the dot-off state. There are variable dot printers and other
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multi-level printers that can print multi-level dots including
intermediate states, for example, by varying the size of dots
to be created. These printers, however, still have a
relatively small number of expressible tones. It is thus
required to convert the image having 256 tones into an image
having an extremely small number of tones expressible by the
printer. This is the process of converting the number of tones.
Figs. 21A and 21B show a process of binarization to convert

the number of tones. Fig. 21A shows image data after the color

-conversion but before the binarization, and Fig. 21B shows

image data after the binarization. The image data before the
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 'l') and the
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 'l' are hatched and pixels having the
valué '0' are open.

The structure of this embodiment determines the dot
on-off conditions with_regard to the seven colors C, M, Y, K,
LC, LM, and DY. There are a variety of methods applicable for
the determination, all of which naturally have some advantages
and disadvantages. The color printer 20 of the embodiment
causes the user to select an appropriate method for the
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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diffusion method and the systematic dither method.
B-4. Bi i zati by E Diffusi Method

Fig. 22 is a flowchart showing a binarization process
by the error diffusion method. The technique of the embodiment
carries out the binarization process individually with regard
to the respective colors C, M, ¥, K, LC, LM, and DY after the

color conversion. The following description does not specify

the color, for the c_:larity of explanation. When the program

enters the binarization process, the CPU 81 reads i'mage data
Cd at step S200. The image data Cd have 256 tones with regard
to each color after the color conversion. The CPU 81 generates-
correction data Cdx from the input image data Cd at step S202.
The error diffusion method distributes an error of binarization
generated with regard to each processed pixel to a plurality
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 proceésed
pixels to a pixel of interest, which is currently being
processed, to calculate the correction data Cdx. Fig. 23 shows
the weights added to the surrounding pixels, to which an error
of a pixel of ihterest 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
pixels in the feeding direction of the printing paper P with
predetermined weights, 1/4, 1/8, and 1/16. The error
diffusion process is described later more in detail. The
correction data Cdx thus generated is compared with a

predetermined threshold value th set for each color at step
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S204. In the case where the correction data Cdx is not smaller
than the threshold value th, a value '1l' representing creation
of a dot is set to. a resulting value Cdr showing the result
of the binarization at step S206. In the case where the
correction data Cdx is smaller 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
predetermined threshold value th is a reference value used to
determine whether or not a dot is to be created in each pixel.

The CPU 81 then calculates an error of binarization in
the pixel of interest and diffuses the calculated error to the
peripheral pixels in thelvicinity of the pixel of interest é.t
step $210. The error is equal to a difference by subtracting
the result of the tone number conversion from the tone value
of the original image data. For example, it is assumed that
there is a pixel having the tone value '64' in the original
image data. When a dot is created in the pixel, the converted
result corresponding to a tone value '255' is expressed in the
pixel. 1In this case, there is an error of 64 - 256 = -191.
When no dot is created in the pixel, on the contrary, there
is an error of 64 - 0 = 64.

The error thus calculated is diffused into the peripheral
pixels' with the certain weights shown in Fig. 23. For example,
when the target of pixel PP has the calculated error
corresponding to the tone value '64', an error portion
corresponding to a tone value '16', which is 1/4 of the error,
is diffused to an adjoining pixel Pl. 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 series of the processing is repeated_with regard to all
the pixels at sfep S212. The image data representing the dot
on-off ‘conditions as shown in Fig. 2.1B are eventually obtaiﬁed.

The method of performing the color c_onversion to generate
the tone image data of seven colors C, M, ¥, K, LC, LM, and
DY and carrying out the binarization individually for the
respective cqlor_s simplifies the contents of the processing
with regard to each color and thus enables 'the quick processing.
The independent and simplified processing with regard to each

color enables parallel data conversion using an exclusive image

processing apparatus. This arrangement ensures 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
conversion process (step S104 in the flowchart of Fig. 18)
generates image data of the four basic colors C, M, ¥, and K,
and determines the dot on-off conditions of the C and LC dots
based on the tone data of C, the dot on-off conditions of the
M and LM dots based on the tone data of M, and the dot on-
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
method is described with Fig. 24. 1In 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 corrés_ponding to 4x4 pixels.

84



10

15

20

25

As shown in Fig. 24, the tone values of the image data Cd in-
the respective pixels are compared with the corresponding
threshold values included in the dither matrix. In the case
where the value of the image data Cd is greater than the
corresponding threshold value in the dither matrix, the dot
is to be created. In the case where the value of the image
data Cd is not greater than the corresponding threshold value,
on the other hand, the dot is not to be created. The pixels
hatched in Fig. 24 represent pixels in which fhe dot is to be
created.

As described above, the binarization by the systematic
dither method compares the tone values of the image data in
the respective pixels with the corresponding threshold values
included in the dither matrix, and determines the dot on-off
conditions in al'l the pixels with regard to the seven colors
C, M, ¥, K, LC, LM, and DY based on the results of the comparison.

Like in the case of the binarization by the error
diffusion method described previously, in the case of the
binarization by the systematic dither method, another possible
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
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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of the same color system, for example, a C dot and an LC dot,
from being formed in an overlapping manner in one pixel, thereby
improving the picture quality.
B-6. Interlace Process

Referring back to the flowchart of ¥Fig. 18, after the
completion of the process of converting the number of tones,
the CPU 81 starts an interlace process at step S5108. The
interlace process reorders the image data, which .have been
converted to the dot on-off conditions by the process of
converting the number of tones, in a sequent to be transferred

to the color printer 20. As disc_usséd above, the color printer

20 drives the print head 41 to form rows of dots (raster lines)

on the printing paper P while repeating the main scan and the
sub-scan of the carriage 40. As described previously with Fig.
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

- pixel are formed according to the following control procedure.

The control procedure f£irst 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 exiéting raster lines. In _order to improve the
picture quality of the resulting printed image, the control
procedure may cause each raster line to be formed by plural
passes of the main scan. In order to shorten the prin_ting 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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After completion of the interlace process, the image data
are output as the printable image data FNL to the color printer

20 at step S110.

c. R 1t £ Simulati

In order to confirm the effects of the DY ink on the
improvemen{: in picture quality, the simulative computation
discussed beloﬁv was .carr'ied out. The followingl conditions
were set for the simulative computation:

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
a combinationlof 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
Condition 5: LM dots are
M dots at a 1/4 dot recording

Condition 6: DY dots are

ratio;
equivalently replaceable with
ratio; and

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
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.

87



10

15

20

25

The results of the simulations discussed below do not strictly
represent the actual pririting results. The qualitative
effects of the DY ink on the improvement in picture quality
by the simulative computation are, however, sufficiently
applicable to the a'ctual printing results.
C-1. Gradation Pattern from Red to Black

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 gradétion pattern gradually
becoming dark from red to black with the color printer 20 of
the embodiment. According to the a‘bove 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
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 fred' expressed on the prinf.ing paper
is gra_dually darkened with an increase in value on the abscissa.
Fig. 25A shows the results of the simulation with the dots of
the DY ink in the case of us:_i.ng a sheet of printing paper having
a restriction of ink duty equal to 220%.

As shown in Fig. 25A, at the \}alue of 0% on the abscissa
(the pure color 'red'), only the M dots and the Y dots are formed
at the dot recording ratio of 100% on the pi:inting 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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(approximately 5% on the abscissa), the total recording ratio
of the Y, M, and L.C dots becomes equal to 220%. The restriction
of ink duty set for the printing paper does not allow creation
of dots at the greater density. Formation of the. DY dots is
thus commenced at the value of about 5% on the abscissa, while
the dot recording ratio of the ¥ dots is gradually decreased.
The DY dots formed in the hue of red are not so conspicuous,
because of the following reason. According to the above
condition 6, formation of the DY dots is equivalent to formation
of the Y dots, the LM dots, and the LC dots at the same quantity
as that of the DY dots. The Y dots or the LM dots formed in
an image where both the 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
hue of red is as low as that of the LC dots, and the DY dots
are thus significantly inconspicuous.

It can be assumed that the DY ink includes the LC ink
and the LM ink in addition to the Y ink (condition 6 given above).
Fbrmati.on- of the DY dots accordingly decreases the dot
recording ratios of both the LC dots and the M dots. The
decrease in dot recording ratios of the LC dots and the M dots
gives a certain margin for the restriction of ink duty, and
thus allows a further increase in dot recording ratio of the
LC dots. After the sum of the dot recording ratios of the M,
Y, and LC dots reaches the 'restriction of ink duty, the
replacement of the Y dots with the DY dots enables the lightness
of the color 'red' expressed on the printing paper to be iowered
(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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granularity from being worsened.

After the perfect replacement of all the Y dots with the
DY dots, no further increase in formation of the DY dots is
allowed. The value on the abscissa is accordingly increased
by gradually replacing the 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 rélatively low lightness and are
rather conspicuous in ‘the color of bright red to worsen the
granularity. As in the case of Fig. 254, however, the C dots
are not so conspicuous in the color of dark red, which is
expressed by the value of bout 40% on the abscissa, thereby
not worsening the granularity.

When the sum of the dot recording ratios of the C, M,
and DY dots reaches the res‘t'riction 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
is, the K dots are very dark) and are rather conspicuous to
significantly worsen the granularity, unless they are formed
in the sufficiently dark background. As shown in Fig. 25A,
however, formation of the K dots is commenced at the value of
about 70% on the abscissa. The color 'red' expressed on the
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 recoxrding ratio of 100%. The gradat.ion pattern printed
on the printing paper thus naturally and gradually changes the
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color from red, where only the M dots and the Y dots are formed

at the recording ratio of 100%, to black, where only the K dots

"are formed at the recording ratio of 100%. Format_ion of tl’ie

C dots is commenced at the value of about 40% on the abscissa,
and formation of the K dots is commenced at the value of about
70% on the abscissa. These dots are accordingly not
conspicuous to lower the picture quality.

Fig. 25B shows the results of the simulative computation
of the dot recording ratio with regard to each color ink in
the case of printing a gradation pattern from red to black
without the DY dots on the sheet of printing paper having the
restriction of ink duty equal to 220%. The pure color 'red'’
(the value of 0% on the abscissa) is gradually darkened with
an increase in dot recording ratio of the LC dots. Due to the
resfriction of ink duty, forniation 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
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 conspiquous and worsen the granularity.

After the perfect replacément of all the LC dots with
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 absciséa in the graph of

91



10

156

20

25

Fig. 25B. Since the K dots have an extremely low lightness
(that is, the K dots are very dark), formation of the K dots
at the value of about 25% on the abscissa significantly worsens
the granularity. |

As described above, when the gradation pattern from red
to black is printed without using the DY ink on the 'printing
paper having the restriction .bf 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.
This gives an image of the poor granularity._ In other words,
the use of the DY ink improves the granularity. If the DY dots
themselves are rather conspicuous, the use of the DY ink is
meaningless even though the DY ink prevents the granularity
from being worsened due to the C dots or the K dots. The
components of the Y ink and the IM 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 conspicuousngss. The
conspicuousness of the DY dots formed .in the red background
is thus substantially equivalent to that of the LC dots. The
ﬁse of the DY ink accordingly gives an image of extremely
favorable granularity without any significant conspicuousness
of dots.

Fig. 25C shows the i'esults of the simulative computation
of the dot recording ratio with lregard to each color ink in
the case of printing a gradaition 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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an increase in dot recording ratio of the LC dots. Due to the
restriction of ink duty, replacement of the LC dots with the
C dots should be commenced to further darken the color of red
when the dot recording ratio of the LC dots reaches 60% (the
value of 15% on the abscissa). When the dot recording ratio
of the C dots reaches 60% (the value of 65% on the abscissa),
no further formation of the C dots is allowed. Formation of
the K dots is thus commenced, whilé the dot recording ratios
of the C, M, and Y dots are gradually decreased. At the final
stage, only the K dots are formed at the dot recording ratio
of 100% (pure 'black' color). Adcording to the comparison
between the graphs of Figs. 25A and 25C, both the timing of
commencing the formation of the C dots and the timing of
commencing the formation of the K dots are earlier in the caée
of Fig. 25C than in the case of Fig. 25A. Namely the dots are
more conspicuous to worsen the granularity in the case of Fig.
25C, compared with the case of Fig. 25A. Based on the
simulation conditions given previously, the improvement in
picture quality by _using the DY ink is greater than the
improvement in picture quality by changing the prinfing paper
having the restriction of ink duty equal to 220% to the printing
paper having the restriétion of ink duty equal to 260%.
The above results of the simulations suggest the usage
of the DY ink. 1In the case of printing a gradation pattern
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 ¥ ink among the three basic color
inks, C, M, and Y. The dots of the M ink and the dots of the

Y ink have been created.in advance to express the hue of red.

93

e e e e o o e 6 g e T



10

15

20

25

The formation of dots with the DY ink is thus not commenced
earlier than the formation of dots with the M ink and the Y
ink. | | |

There is another suggestion with regard to the usage of
the DY ink. In the case of printing a gradation pattern from
red to black, formation of the dots with the DY ink starts after
the formation of dots with the LC ink. The DY ink has a hue
closest to that of thé 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.

In the prior art color printer using the six color inks,
C, M, Y, K, L.C, 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
C, M, Y, LC, and LM inks are often kept in one ink cartridge
43. According to images to be printed, the Y, LC, and M inks
are used up to require a replacement of the ink cartridge 43
that still has the remains of the C and M inks. The color
printer 20 of the émbodiment uses the DY ink in place of the
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
quantities 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
consumed in a relatively equal manner and desirably reduces
the frequency of replacement of the ink cartridge. The DY ink
may be kept together with the LC ink and the LM ink in the same
ink cartridge. This enables replacement of only the ink

cartridge including the LC, LM, and DY inks having the greater
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quantities of consumption.

The above description regards the gradation pattern £from
red to black.  The gradation pattern from red to black is oﬁly
an example of gradation patterns starting from the condition
that dots of only two color inks (in this example, the Y dots
and the M dots) have already been formed. Similar effects are
thus naturally exerted in the case of printing a gradation
pattern £rom green to black with repiacement of the M dots with
the C dots and the LM dots with the LC dots. The effects of
varying the quantities of the cyan dye and the magenta dye added
to the DY ink will be described later.

C-2, Gradation Pattern from Magenta to Black
Figs. 26A, 26B, and 26C show results of simulative

computation of the dot recording ratiowith regard to each color

-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
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

"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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the Y dots are gradually increased from the initial state (the
value of 0% on the abscissa) in which the M dots have a dot
recording ratio of 100%. According to the condition 4
mentioned previously, the dots of the LC ink are equivalent
to 1/4 dots of the C ink. 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. When the dot recording
ratios of the LC dots and the Y dots increase and the sum of
the dot recording ratios of the M dots, .the Y dots, and the
LC dots reach the restriction of ink duty, replacement of the

Y dots with the DY dots is commenced. After the perfect

' replacement of all the Y dots with the DY dots, replacement

of the LC dots with the C dots is commenced. According to the
results of the simulation shown in Fig. 26A, the formation of
the C dots starts at the value of about 35% on the abscissa.
As described previously, the DY ink contains the components
of the LM ink and the LC ink, formation of the DY dots is
equivalent to formation of the same number of the LM dots and
the LC dots (see the condition 6 mentioned above). The increase
in dot ret:ording 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
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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K dots are formed at the dot recording ratio of 100% (pure
'"black' colqr). The resultiné printed image on the printing
paper is a gradation pattern having the hues gently changing
from ﬁagenta to black.

While Fig. 26A shows the results of the simulation with
the DY dots, Fig. 26B 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 mageﬁta
to black without the DY dots on the printing paper having the
restriction of ink duty equal to 220%. Cox_nparéd with the case
with the DY dots shown in Fig. 26A, in the case without the
DY dots shown in Fig. 26B, the formation of the C dots is
commenced at the slightly earlier timing and the formation of
the K dots is_commenced at the significantly earlier timing.
Starting the formation of the K dots at the value of about 60%
on the abscissa like the results of the simulation shown in
Fig. 26B drastically worsens the granularity of the resulting
printed image. In other words, the use of the DY dots
significantly improves the granularity of the resulting
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 dontents of the dyes. Replacement of the Y dots with.
the DY dots in a shadow area (for example, in the area having
the vaiue'of about 75% on the abécissa) decreases the dot
recording rafios 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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As described above, the use of the DY dots significantly
delays the timing of starting the formation of the K dots and
slightly delays the timing of starting the formation of the
C dots. This results in a significant improvement in
granularity. I£f the DY dots that start formation at a
relatively early timing are donspicuous, the granularity of
the resulting printed ilflage is not actually improved. The
conspicuousness of the DY dots is thus a key-factor. As
described previously, the DY ink includes the components of
thé LM ink, the LC ink, and the Y ink (see the condition 6

mentioned above). When the dots of the DY ink are formed in

the magenta background; the component of the LM ink included

in the DY ink is inconspicuous against the background. The
dots of the other ink components, that is, the LC dots and the
Y dots, are not so consp'icuous in the magenta background.
Formation of the DY dots is substantially equivalent to
formation of the L.C dots and the Y dots in an overlapping manner.

The dots of both the LC ink and the Y ink are not so conspicuous

" as the dots of the C ink and the K ink. Formation of the DY

dots in the magenta background even at a relatively early timing
thus does not significantly worsen the granularity. In the
case of printing a gradation pattern from magenta to black,
the use of the DY dots desirably delays the timings of starting
the formation of the C dots and the K dots and thus significantly
improves the granularity of the resulting printed image.
Fig. 26C shows the results of the simulative computation
of the dot recording ra{:io with regard to each color ink in
the case of printing a gradation pattern from magenta to black

without the DY dots on the prini:ing paper having the restriction
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of ink duty equal to 260%. The results of the simulative
computation shown in Fig. 26C aré compared with those shown
in Fig. 26A. The timings of starting the formation of the C
dots and the K dots in the case of Fig. 26C are almost the same
as those in the case of Fig. 26A. When a gradation pattern
frorﬁ magenta to black is printed, substantially similar effects
of improvement in picture quality are attained in the case 6f
printing with the DY dots on the printing paper having the
restriction of ink duty egual to 220% and in the case of printing
without the DY dots on the printing paper having the restriction
of ink duty equal to 260%.

As shown in the results of the simulations in Figs. 26A,
26B, and 26C, in the case of printing a gradation pattern from
magenta to black, the use of the DY dots effectively prevents
the granularity from being worsened and thereby improves the
picture quality of the resulting printed image. Another
effect of usj.ng 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
of the DY inkf 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,
C, M, and Y. The dots of the M ink have been created in advance
to express the hue of mégenta.

There is another suggestion with regard to the usage of
the DY ink. In the case of printing a gradation pattern from

magenta to black, formation of the dots with the DY ink starts
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after the formation of dots with the LC ink. The DY ink has
a hue closest to that of the Y ink among the three basic color
inks, C', M, and Y. I.t can thus be thought that the dots of
the DY ink are created together with the dots of the LC ink. .

The above descripfion regards the gradation pattern £rom
magenta to black as an example of gradation patterns starting
from the condition that dots of only one color ink have already
been formed. Similar effects are thus naturally exerted in
the case of printing a gradation pattern from cyan or yellow
to black with replacement of 'the M dots with the C dots or the
Y dots.
c-3. Gradati Pati £ white to Blacl

Figs. 27A, 27B, and 27C 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 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
simulative computation with the DY dots in the case of the
printing paper having the restriction of ink dquty equal to 220%.
Fig. 27B shows the reéults of the simulative computation
without the DY dots in the case of the printing paper having
the restriction of ink dutyequai to 220%. Fig. 27C 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 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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dots, and the Y dots gradually increases from the initial state
in which no dots have been formed. When the dot recording
ratios of the LC dots and the LM dots approach to 100%,
replacement of the LC dots and the LM dots respectively with
the C dots and the M dots is commenced. The DY ink contlains
the components of the LC ink and the LM ink (see the condition
6 given previously). Replacement of the Y dbts with the DY
dots before the dot recording ratios of the LC dots and the
LM dots reach 100% thus effectively' delays the timings of
starting the formation of the C dots and the M dots. The delay
of the timings of starting the formation of the C dots and the
M dots desirably makes the dots more inconspicuous and thereby
prevents the granularity from being worsened in thé resulting
printed image. |

With an increase in dot recording rai:ios of the C, M,
and DY dots, the lightness of the color éxpressed on the
printing paper is gradually lowered to darker gray. When the
sum of the dot recording ratios of the C, M, and DY inks reaches
the restriction of ink duty, formation of the K dots is
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.

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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condition 6 mentioned previously, the DY ink contains the
components of the L.C ink, the LM ink, and the ¥ ihk. Replacement
of the Y dots With.the DY dots thus reduces the formation of
the C dofs and the M dots. This gives a certain margin for
the resfriction of ink duty and thereby delays the timing of
starting the formation of K dots.

In fhe case of printing a gradation pattern from white
to black, the use of the DY dots desirably delays the timings
of startiﬂg formation of the C dots and the M dots and starting |
formation of the K dots, thereby preventing the granularity
from being worsened and improving the picture quality of the
resultihg printed image.

Fig. 27C 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 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
improvement in picture quality by the use of the DY dots is
thus substantially identical with the improvement in picture
quality by changing the restriction of ink duty set for the
printing paper from 220% to 260%.

The above results of the simulations suggest the usage
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 ¥ ink among the

three basic color inks, C, M, and_ Y. The formation of dots
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with the DY ink starts af.tér the formation of dots with the
Y ink. The dots of the DY ink are more conspicuous than the
dots of the Y ink. Formation -of the dots of the DY ink. in an
overlapping manner on the dots of the Y ink gives a printed
image of high picture quality with less conspicuousness of dots.
The dots of the DY ink may, however, be formed in place of the
dots of the Y ink or simultaneously with the dots of the Y ink.
The dots of the DY ink are not so conspicubus as the dots of
the C ink or the M ink. It is thus not necessary to 6reate
the DY dots in an overlapping manner on the Y dots. Any of

these arrangements does not cause the DY dots to be made

.conspicuous and lower the picture quality of the resulting

printed image. The use of the DY ink desirably redﬁces the
total quantity df ink consumption.

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
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
deterioration of the granularity and improving the picture
quality of the resulting printed image. When there is a margin
for the restriction of ink duty, lthe dots of the ink having
less conspicuousness are thus selectively created. As long

as there is no problem in granularity, however, the replacement
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of the LC dots with the C dots, the LM dots with the M dots,
and the Y dots with the DY dots may be commenced at the earlier
timings than those discussed in the simulatioﬂs. This makes
the points of starting formation of the C dots, the M dots,
the DY dots, and the K dots ‘closer to the value of 0% on the
abscissa. According to the condition 6 given above, it is
possible to replace the same quantities of the Y dots, the LC
dots, and the LM dots with the DY dots. The replacement with
the DY dots at the earlier tiining thus favorably reduces the
total quantity of ink consumption.

| The use of the DY ink gives an image of better granularity
under the condition of a fixed quantity of total ink consumption
or prints an image of equivalent picture quality with a less
quantity of total ink consuniption. The appropriate setting
can thus be selected for the use of the DY ink based on the
priority to the picture quality, the priority to the less
gquantity of total ink consumption, or the compatibility of
these two effects.

As described abéve, the use of the DY ink improves the
granularity, which may be worsened by the conspicuousness of
the cyan dots, the magenta dots, or the black dots ina gradation
pattern to the shadow area. |

Dark cyan ink and dark magenta ink may also be used for
the dark ink. Like the dark yellow ink, these dark inks have
the effects of improving the granularity based on the margin
for the restriction of ink duty and saving the total quantity
of ink consumption. The use of the dark cyan ink improves the
granularity, which is worsened by the yellow dots and the

magenta dots. Similarly the use of the dark magenta ink
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- improves the granularity, which is worsened by the yellow dots

and the cyan dots. The yellow dots 'having a high lightness
are, however, originally inconspicuous and are not the main
factor of the worsened granularity. The use of the dark cyan
ink thus improves the worsened granularity mainly due to the
magenta dots. Similarly the use of the dark magenta ink
improves the worsened granularity mainly due to the cyan dots.
The use of the dark yellow ink, on the other hand, improves
the Wdrsened granularity due to both the cyan dots and the
magenta dots, and is thus most effective. The dark yellow ink
having- the yellow dye as the main component 1is less
inconspicuous than the dark cyan ink or the dark magenta ink.
From the viewpoint of the improved granuiarity, the use of the
dark yellow ink is most desirable.

c-4. Applicati to Print ith F Col In}

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, ho_wever, exerts
the similar effects in the color printer using only the four
color inks C, M, Y, and K and the color printér using only the
three color inks C, M and Y.

Figs. 28A, 28B, and 28C show results of simulétions for
confirming thé effects of the use of the DY 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, ¥, 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 dutf equal to 220%. Fig._ 28B shows the
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results of simulative computation of the dot recording ratio
with regard to each color ink in the case of printing without
the DY do'ts on the printing paper hairing the restriction of
ink dlity equal to 220%. Fig. 28C shows the results of
simulative computation of the dot recording ratio with regard
to each color ink in the case of printing without the DY dots
on the printing paper having the restriction of ink duty equal
to 260%.

The following effects are expected from the results of
the simulative computatidﬁ shown in Fig. zéA. In _the color
printer using only the four color inks, since the LC ink is
not used, it is required to start formation of the C dots at
an early timing. As discussed previously, the C dots formed
in the color of bright red are rather conspicuous and
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
:Lé as low as that of the LC dots. The replacement' of the Y
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
6f the DY dots has already lowered the lightness of the color
'red' to some extent (to the valu_e of about 25% on the abscissa).
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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the compdn-ents of the Y ink, the LC ink and the LM ink (see
the condition 6 given above), the formation of the DY dots
decreases the dot recording rafio of the M dots. This gives
a certain margin for the restriction of ink duty and delays
the timing of starting formation of the K dots, thus preventing
the granularity from being worsened. As clearly understood
from the comparison between the resulté of the simulative
computation with the DY ink shown in Fig. 28A and the results
of the simﬁlative computation without the DY ink shown in Fig.
28B, the uée of the DY ink significantly delays the timing of
starting formation of the K dots from the value of about 25%
on the abscissa to the value of about 75%. This means that
the use of the DY ink remarkably prevents the granularity from
being worsened.

Fig. 28C shows the results of the simulative computation
without the DY ink in the case of changing the restriction of
ink duty set for the printing paper from 220% to 260%. As
clearly understood from the comparison between Fig. 28B and
Fig. 28C, the increasé in restriction of ink duty delays f.he
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
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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rather conspicuou"s‘ in the red background, although the degree
of conspicuousness is not so high as that of the K dots. The
delayed timing of starting formation of the C dots to the value
of about 25% on the abscissa by the use of the DY ink thus
significantly improves the granularity in the bright area (that
is, the highlighted area).

As described above, in the process of printing a
gradation pattern from red to black, the change to the printing
paper having the higher restriction of ink duty improves the
picture qualify only in the shadow area (that is, the area
having large values on the abscissa). The use of the DY ink,
on the other hand, improves the picture quality over thé whole

rarige from the highlighted area to the shadow area.

Figs.29A and 29B show the results of simulative
computatioﬁ in the case of printing a gradation pattern f£rom
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
combination of the C, M, and Y inks does not have a sufficiently
low lighj:ness 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 ¥ dots should have dot recording
ratios of 100%. Fig. 29A shows the results of the simulative
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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expressed by the color printer using the three color inks, as
long as the practical dot recording ratios are set by taking
into account the restriction of ink duty.

Fig. 29B shows the results of the simulative computation

of the dot recording ratio with regard to each ink in the case

of using the DY dots in addition to the C, M, and Y dots. 1In
this simulative computation, since the DY ink contains the

components of the LC ihk, the LM ink, and the Y ink (see the

‘condition 6 given preViously) . Yeplacement of the Y dots with

the DY dots desirably decreases the dot recording ratios of
the C dots and the M dots. The use of the DY dots accordingly
enabl_es the expression of the color of sufficiently clear black
even when the practical dot recording ratios are set by taking
into account the i'estriction of ink duty.

As described above, the use of the DY ink enables the
expression of the color of sufficiently clear black even
without the K ink. The use of the DY ink instead of the K ink
ensures the expression of the color of sufficiently clear black
and enables the image of high picture quality to be printed
with the color printer using the four color inks C, M, ¥, 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 prin_tér usling the four color inks or
the six color inks, attachment of the ink carfridge for the
DY ink in place of the ink cartridge for the K ink with the
required operations, for example, rewriting the printer driver
to a special printer driver for the DY ink, enables formation
of the DY dots and prints an image of high picture gquality

including the sufficiently clear black color.
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As described above with the results of the simulative
computation, the use of the DY ink enhances the degree of
freedom in dot formation and thus improves the picture quality
under a variety'of printing conditions. The enhanced degree
of freedom with the use of the DY ink enables images of low
lightness but high saturation to be printed adequately. 1In

many cases, the desired color can not be expressed in such '

. images because of the restriction of ink duty. The usé of the

DY ink relieves the restriction of ink duty and thereby enables
the color expressed on the printing paper to be closer to the
desired color.

In the simulative computation discussed above, the DY
ink satisfying the above condition 6 was used as the DY ink.
This DY ink is similar to the DYl ink shown in Fig. 14D. The
use of another DY ink similar to the DY2 ink also exerts the
similar effects as discussed below.

Based on the theory of _subtractive mixture of colors,
it is assumed that the K ink is equivalent to the combination
of identical quantities of the C ink, the M ink, and the Y ink.
According to the above conditions 4 through 6, it is thought
that the DY ink is obtained by adding 1/4 quantities of the
C ink and the M ink to the Y ink. Since the K ink is equivalent
to the combination of identical quantities of the C ink, the
M ink, and the Y ihk, the DY ink is thought to be the mixture
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 effécts described above with the DY ink under the
above conditions are thus also exerted by the DY2 ink.

In the actual printing operation, the condition that the
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K j.nk is equivalent to the combination of identical quantities
of the C ink, the M ink, and the Y ink is not strictly fulfilled.
The DY2 ink is, however, expected to have the qualitatively -
similar effects to those of the DYl ink. The DY3 ink having
the significantly different spectroscopic characteristics in
the area of the low sensitivity of vision to the color may also
be used as the DY ink.

The simulative computation discussed above is carried

out under the condition 6 that the DY ink is equivalent to the

‘ink including the identical quantities of the LC ink and the

LM ink in addition to the Y ink. The rates of the LC ink and
the LM ink added to the Y ink are, however, not restricted to
this condition. As shown in Fig. 12, the contents of the cyan
dye and the magenta dye included in the DY ink are approximately
one quarter the contents of the cyan dye and the magenta dye
included in the C ink and the M ink, respectively. The contents
of the dyes included in the DY ink are, however, not restricted
to this composition. Possible modification may wvary the
contents of the cyan dye and the magenta dye or change the ratio
of the cyvan dye to the magenta dye.

The decrease in rates of the dyes included in the DY ink
increases the 1i§htness of the DY ink. In this case, starting
formation of the DY doté even in the state of a relatively high
lightness (that is, the state of a small value on the abscissa
in the graphs of Figs. 25 through 29) does not make the DY dots
conspicuous, thus not worsening the granularity. The increase
in rates of the dyes included in the DY ink, on the other hand,
enables reduction of the greater numbers of the other color

dots by the formation of the DY dots. This accordingly enhances
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the effecté of improving the granularity based on the margin
for the restriction of ink duty and saving the total quantity
of ink consumption.

The present invention is not restricted to the above
embodiment or its mo;.iifications, but there may be many other
modifications, changes, and alterations without departing
from the scope or spirit of the main characteristics of the
present invention. For example, the software or application
programs that actualize the above functions may be supplied
through a communication line to the main memory of the computer
system or an external storage device.

The scope and spirit of the present invention are limited

only by the terms of the appended claims.
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WHAT IS CLAIMED IS:

1. A printing system comprising a printer that creates
dots with a plurality of different inks, so as to print an image
on a printing medium, and a print controller that supplies
control information to said printer, so as to control the
creation of dots with the plurality of different inks,

wherein said print controller comprises:

a dot on-off condition specification unit that specifies
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 expre'ss
achromatic color, the dark ink having a main wavelength region
of light absorption substantially identical with that of one
basic color ink selected out of the plurality of basic color
inks but a lower lightness than that 6f the selected basic color
ink; and

a control information output unit that outputs the
control information to specify the dot on-off conditions with
regard to tﬁe plurality of baéic color inks and the dark ink
to said printer,

sald printer comprising:

a control information input unit that receives the
control information to specify the dot on-off conditions with
regard to the plurality of basic color inks and the dark ink,
which is output from said control information output unit; and

a dot formation unit that creates dots with the plurality
of basic collor inks and the dark ink, based on the input control
information.

2. A print controller that supplies control information

|
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to Ia printer, which creafes dots wifh a plurality of different
inks, in order to contrbl the creation of dots with the
plurality of different inks, |

said printer creating dots with a plurality of basic
color inks as well as with a dark ink, the plurality of basic
color inks being combined with one ahother to express
achromatic color, the dark ink having a main wavelength region
of light absorption substantially identical with that of one
bésic color ink selected out of the plurality of basic color
inks but a lower lightness than that of the selected basic color
ink,"-

said print controller comprising:

a dot on-off condition specification unit that specifies
dot on-off conditions with regard to the plurality of basic
coior inks and the dark ink, based on input image data; and

a control information. output unit that outputs the
control information to specify the dot on-off conditions with
regard to the plurality of basic color inks and the dark ink
to said printer.

3. Aprint controller in accordance with claim 2, wherein
said dot on-off condition specification unit comprises:

a memory which stores a color conversion table, in which
each tint used to express a color image is mapped to a
combination of the plurality of basic color inks and the dark
ink to represent the tint, .

said dot on-off condition specification unit specifying
the dot on-off conditions with regard to the blurality of basic

color inks and the dark ink by referring to said color

conversion table. -

) O A
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4. A print controller in accordance with claim 2, wherein
said dot on-off condition specification unit specifies the dot
on-off conditions with regard to the plurality of basic color
inks and the dark ink, based on a preset proportion regarding
dots of the plurality of basic color inks and dots of the dark
ink.

5. A print controller in accordance with claim 2, wherein
the dark ink has lower lightness and saturation than those of
one basic color ink selected out of the plurality of basic color
inks.

6. A print controller in accordance with claim 2 ,. wherein
the dark ink has a main wavelength region for most strongly
absorbing a ray in a visible range, which is substantially
identical with that of one basic color ink selected out of the
plurality of basic color inks, and a greater integral of light
absorptivity in a wavelength region of the visiblle range than
that of the selected basic color ink;

7. Aprint controller in accordance with claim 6 . Wherein

the dark ink has the main wavelength region, which is mostly

included ina 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.

8. A print controller in accordance with claim 6, wherein
the dark ink has the main wavelength region , which is mostly
included in a wavelength region of 400 nm to 500 nm, énd agreater
light absorptivity in the vicinity of 700 nm than a mean light
absorptivity in a wavelength region of 600 nm to 700 nm.

‘9. Aprint controller in accordance with claim 2, wherein

the dark ink has:
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(A) a characteristic wavelength region for strongly
absorbing a ray in a visible range to main]_.y determine the hue
of the dark ink, which is substantially identical with a.
characteristic wavelength region of one bacic color ink
selected out of the plurality of b_asic color 'inks :

(B) a mean value of light absorptivity that is greater
than or substantially identical with a mean value of light

absorptivity of the selected basic color ink in the

" characteristic wavelength region of the dark ink; and

(C) 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 iight except the
characteristic wavelength region of the dark ink.

10. A print controller in accordance with claim 9,
wherein the dark ink has the characteristic Wavelength region,
which is mostly included in a wavelength region of 400 nm to
500 nm, and a smaller light absbrptivity in the vicinity of
700 nm than a mean light absorptivity in a wavelength region
of 600 nm to 700 nm. _

11. A print controller in accofdance with claim 9,
wherein the dark ink has the characteristic wavelength region,
which is mostly included in a wavelength region of 400 nm to-
500 nm, and a greater light absorptivity in the vicinity of
700 nm than a mean light absorptivity in a wavelength region
of 600 nm to 700 nm.

12. A print controller in accordance with claim 2,
wherein the dark ink has a hue in a specific hue range interposed
between a red hue zone and Ia- green hue zone on a Munsell 'hue

circle, and a lower lightness than that of a basic color ink

116 W

rrm iy 3 s e s ees



10

15

20

25

out of fhe plurality of basic color inks, which has a hue in
the specific hue range. . _

13. A -print controller in accordance with claim.12,
wherein the dark ink has 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 green hue zone on the Munsell hue
circle.

14. A print controller in accordance with_claim 12,
wherein the dark ink has 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 hue
circle, and a smaller saturation than that of flesh color.

15. A print controller in accordance with claim 2,
wherein the dark ink has a hue included in a specific range
of 10R to 10GY on a Munsell hue circle, and a lower lightness
than that of a basic color ink out of the plurality of basic
color inks, which has a hue in the specific range.

16. A print controller in accordance with claim 15,
wherein the dark ink has 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.

17. A print controller in accordance with ciaim 15,
wherein the hue of the dark ink is in a range of 10YR to 10GY
on the Munsell hue circle.

18. A print controller in accordance with claim 15,
wherein the dark ink has the hue in a range of 10Y to 10R on
the Munsell hue circle and a saturation of smaller than-3.5C_
on a Munsell chroma.

19. A print controller in accordance with claim 2,

R
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whérein said printer creates dots with the plurality of basic
color inks and the dark ink, as well as dots with at least one
light ink, the at least one iight ink having a hue substantially
identical with that of at least one basic color ink selected
out of the plurality of basic color inks but a 1qwer density
than that of the at least one basic color ink,

said dot on-off condition specification unit specifies
the dot on-off conditions with regard to the plurality of basic
color inks and the dark ink, as well as dot on-off conditions
with regard to the.at least one light ink, and' -

said control informatioﬁ output unit outputs the

specification of the dot on-off conditions with regard to the

.plurality of basic color inks, the dark ink, and the at least
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one light ink.

20. A print controller -in accordance with claim 2,
wherein said printer creates at least two variable-size dots
having different sizes with the plurality of different inks,

said dot on-off condition specification unit specifies
the dot on-off conditions with regard to the plurality of
different inks and sizes of respective dots to be created by
said printer, and

said control information output wunit outputs the
specification of the dot on-off conditions and the sizes of
dots with regard to the plurality of different inks.

21. A print controller in accordance with claim 2,
wherein said printer creates dots with the plurality of basic
color inks including at least yellow ink, as well as dots with
dark yellow ink that has a main wavelength region of light

absorption substantially identical with that of the yellow ink
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but a lower lightness than that of the yellow ink,

said dot on-off condition specification unit specifies
dot on-off éonditions with regard to the plurality of basic
color inks and the dark yellow ink, and

said control information output unit outputs the
specification of the dot on-off conditions with regard to the
plurality of basic color inks and the dark yellow ink.

22. A print controller in accordance with claim 2, .
wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yellow ink,

the dark ink having a hue that is closest to the hue of
the yellow ink among the cyan ink,' the magenta ink, and the
yvyellow ink,

specification of the dot on-off conditions with regard
to the dark ink being carried out to enable dots with the dark
ink to be creatéd together with dots of at least one of the
basic délor inks when an image to be printed has hues varying
from red to green on a Munsell hue circle.

23. A print controller in accordance with claim 2,
wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yellow ink, _

the dark ink having a hue that is closest to the hue of
the 'yellow ink among the cyan ink, the magenta ink, and the
yellow ink,

specification of the dot on-off conditions with regard
to the dark ink being carrfied out to enable dots with the dark
ink to be created prior to creation of dots with either one

of the cyan ink and the magenta ink when an image to be printed

‘has hues varying from yellow to black.
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24. A print controller in accordance With claim 2,
wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yellow ink,

the dark ink having a hue that is closest to the hue"of
the yellow ink among the cyan ink, the magenta ink, and the
yellow ink, and a lower lightness than that of the yellow ink,

specification of the dot on-off conditions Wifh regard
to the dark ink being carried out to enable dots with the dark
ink to be created prior to creation of dots with either one
of the cyan ink and the magenta ink when an image to be printed
has hues varying from color of the either one of the cyan ink
and the magenta ink to black.

25. A print controller in accordance with claim 2,
wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yellow ink, |

the dark ink having a hue that is closest to the hue of
the yellow ink among the cyan ink, the magenta ink, and the
vyellow ink, and a lbwer lightness than that of the vellow ink,

specification of the dot on~off ‘conditions with regard
to the dark ink being carried out td enable dots with the dark
ink to be created after creation of dots with the yellow ink
when an image to be printed has hues varying from color of either
one of the cyan ink and the magenta ink to black.

26. A print controller in accordance with claim 19,
wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yellow ink,

the dark ink having a hue that is closest to the hue of

the yellow ink among the cyan ink, the magenta ink, and the

A A
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specification of the dot on-off conditions with regard
to the dark ink being carried out to enable dots with the dark -
ink fo be created after creation of dots with the light ink
when an image to be printed has hues varying from yellow to
black.

27. A print controller in accordance with claim 26,
wherein .the light ink is 1light cyan ink having 'a hue
substantially identical with that of the cyan ink but a lower
density than that of the cyan ink.

28. A print controller in accordance with claim 26,
wherein the light ink is light magenta ink having a hue
substantially identical with that of the magenta ink but a lower
density than that of the magenta ink.

29. A print controller in accordance with claim 26,
whereiri the dérk ink having a hue that is closest to the hue
of the yellow ink among the cyan ink, the magenta ink, and the
yvellow ink,

specification of the dot on-off conditions with regard
to the dark ink being carried out to enable dots with the dark
ink to be create'd'after creation of both dots with light cyan
ink, which has a hue substantially identical with that of the
cyan ink but a lower density than that of the cyan ink, and
dots with light magenta ink, which has a hue substantially
identical with that of the magenta ink but a lower density than
that of the magenta ink, when an image to be printed has hues
varying from yellow to black.

30. A print controller that supplies control information
to a printer, which creates dots with a plurality of different

inks, in order to control the creation of dots with the
_ I —
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plurality of different inks,

said printer creating dots with a plurality of basic
color inks, which include at least cyan ink, magenta ink, and
yellow ink, a.s well as with dark yellow ink, the dark yellow
ink having a main wavelength region of light absorption
substantially identical with that of the yellow ink but a lower
lightness than that of the yellow ink,

said print controller comprising:

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 yellow ink, based on input image data;
and

a control information output unit that outputs the
specification of the dot on-off conditions with regard to the
plurality of basic color inks and the dark yellow ink to said
printer as the control information.

31. A printing apparatus that has a print head to create
dots with a plurality of different inks on a printing medium,
receives control information to control the creation of dots
with the plurality of different inks, and actually creates dots
with the plurality of different inks . based on the input control
information, so as to print an image,

sai.d printing apparatus comprising:

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

a dark ink supply unit that supplies a dark ink to said

print head, the dark ink having a main wavelength region of
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light absorption substantially identical with that of one basic
color ink selected out of the plurality of basic color ihks
but a lower lightness than that of the selected baéic color
ink;

a control information input unit that receives the
control information with regard to dots of the plurality of
basic color inks and the dark ink; and

a dot formation unit that drives said print head based
on the input cohtrol information, so as to create dots with
the plurality of basic color inks and the dark ink.

32. A printing apparatus in accordance with claim 31,
wherein the plurality of basic color inks include at least cyan
ink, magenta ink, and yellow ink.

33. A printing apparatus in accordance with claim 31,
wherein the plurality of basic color inks include at least cyan
ink, magenta ink, yellow ink, and black ink and

- the dark ink is dark yellow ink having 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. |

34. A printing apparatus in accordance with claim 31,
said printing apparatus comprising:

a light ink supply unit that supplies at least one light
ink to said print head, the at least one light ink having a

hue substantially identical with that of at least one basic

color ink selected out of the plurality of basic color inks |

but a lower density than that of the at least one basic color
ink,

wherein said control information input unit receives the
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control information w_:l.'th regard to dots of the at least one
light ink, as well as with regard to the dots of the plurality
of basic color inks and the dark ink, aﬁd

said dot formation unit creates dots with the at least
one 1ight'ink as well as the plurality of basic color inks and
the dark ink, based on the input control information.

35. A printing apparatus in accordance with claim 31,
wherein said print head enables at least two variable-size dots
having different sizes to be created, '

said control information input unit receives pieces of
information regarding dot on-off conditions and sizes of dots
to be formed by said print head with regard to the plurality
of different inks as the control information, and

said dot .formation unit creates the at least two
variable-size dots with the plurality of different inks, based
on the input control information.

36. A printing apparatus in accordance with claim 31,
said printing apparatus having an ink reservoir unit, in which
the plurality of basic color inks and the dark ink are kept
independently.

37. A printing apparatus in accordance with claim 36,
wherein said ink reservoir unit keeps a greater quantity of
the dark ink than a quantity of the one basic color ink
corresponding to the dark ink.

.38 . A printing apparatus that has a print head to create
dots with a plurality of different inks on a printing medium,
reqeives control information to control the creation of dots
with the plurality of different inks, and actually creates dots

with the plurality of different inks, based on the input control

I

=



- 10

15

20

26

information, so as to print an image,
| said printing apparatus comprising:

a basic color ink supply unit that supplies a plurality
of basic color inks to said print head, the plurality .of basic
color inks including at least cyan ink, magenta ink, and yellow
ink;

a dark yellow ink supply unit that supplies dark yellow
ink to said print head, the dark yellow ink having a main
wavelength region of 1light absorption substaﬂtially identical
with that of the yellow ink inks but a lower lightness than
that of the yellow ink;

a control information inpﬁt unit that receives the
control information with regard to. dots of the plurality of
basic color inks and the dark yellow ink; and

a dot formation unit that drives said print head based
on the input control information, so as to create dots with
the plurality of basic color inks and the _dark yellow ink.

39. A prin_ting.apparatus in accordance v}ith claim 38,
said printing apparatus having an ink reservoir unit, in which
at least the cyan ink, the magenta ink, the yellow ink, and
the dark _yellow ink are kept independently;

said ink reservoir unit keeping a greater quantity of
the dark yellow ink thé,n a quantity of the yellow ink.

40. A method of creating dots with a plurality of
different inks, so as to _print an image on a printing medium,

said method comprising the steps of:

specifying dot on-off conditions with regard to a
plurality of basic color inks and a dark ink based on input

image data, the plurality of basic color inks being combined
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with one another to express achfomatic color, the dark ink
having a main wavelength region of 1light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink; and

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 brint an image.

41. A method of supplying control information to a
printer, which creates dots with a plurality of different inks
on a printing medium, in order to control the creation of dots

with the plurality of different inks and thereby controlling

- a printing operation of said printer,

said method comprising thé 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
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a lower
lightness than that of the selected basic color ink; and
(b) outputting the specification of the dot on-off
conditions with regard to the plurality of basic color inks
and the dark ink to said printer as the control information,
so as to control the printing operation of said printer.
42. A method in accordance with claim 41, said method

further comprising the step of:
I
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(c) 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,

wherein said step (b) specifies the dot on-off conditions
with regard to the plurality of basic color inks and the dark
ink, based on the mappings stored in advance.

43. A method of supplying control information to a
printer, which creates dots with a plurality of different inks
on a printing medium, in order to control the creation of dots
with the plurality of different inks and there.by controliing
a printing operation of said printer, .

said method comprising the steps of:

(a) 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 ihk, magenta ink, and yellow ink, the dark yellow ink
having a main wavelength region of 1light absorption
substantialiy identical with that of the yellow ink but a lower
lightness than that of the yellow ink; and

(b) _outputting the specification of the dot on—off
conditions with regard to the plurality of basic color inks
and the dark yellow ink to said printer. as the control -
information, so as to control the printing operation of said
printer.

44 . A method of receiving control information to control
creation of dots with a plurality of different inks and driving
a print head, which creates dots with the plurality of different
inks on a priﬁting.medium, based on the _control information,

so as to print an image,
—_—
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said method comprising the steps of:

(a) supplying a plurality of basic color inks and a dark

.ink to said print head, the plurality of basic color inks being

combined with one another to express achromatic color, the dark
ink having a main wavelength region of light absorption
substantially identical with that of one basic color ink
selected out of the plurality of basic color inks but a iower
lightness than that of the selected basic color ink;

(b) receiving the control information with regard to dots
of the plurality of basic color inks and the dark ink; and

(c) driving said print head based on the input coﬁtrol
information to create dots with the plurality of basic color
inks and the dark ink, thereby printing an image.

45. A method of receiving control information to control
creation of dots with a plurality of different inks and driving
a print head, which creates dots with the plurality of different
inks on a printing medium, based on the control information,
so as to print an image,

said method comprising the steps of:

(a) supplying a plurality of basic color inks and dark
yellow ink to said print head, the plurality of basic color
inks including at least cyan ink, magenta ink, and yellow ink,
the dark vellow ink having a main wavelength region of light
absorption substantially identical with that of the yellow ink
but a lower 1ighfness than that of the yellow ini:;

(b) receiving the control information with regard to dots
of fhe plurality of basic color inks and thga dark yellow ink;
and

(c) driving said print head based on the input control
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information to create dots with the plurality of basic color
inks and the dark yellow ink, thereby printing an image.

46. An ink cartg:idge detachably attached to a printing
apparatus, which prints an image with a plurality of basic color
inks, the plurality of basic color inks being combined with
one another to express achromatic color, said ink cartridge
keeping therein at least one ink to be supplied to said printing
apparatus, |

s_aid ink cartridge comprising:

a dark ink reservoij: that keeps therein a dark-ink, the
dark ink having a main wavelength region of light absofpi:ion
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.

47. An ink cartridge in accordance with claim 46, wherein
the dark ink has lower lightness and saturation than those of
one basic color ink selected out of the plurality of basic color
inks.

48. An ink cartridge in accordance with claim 46, wherein
the. dark ink has a main wavelength region for most strongly
absorbing a ray in a visible range, which is substantially
identical with that of one basic color ink selected out of the
plurality of basic color inks, and a greater integral of light
absorptivity in a wavelength region of the visible range than
that of the selected basic color ink. |

49. An ink cartridge in accordance with claim 46, wherein
the dark ink has:

(A) a characteristic wavelength region for strongly

absorbing a ray in a visible range to mainly determine the hue

_\\
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of the dark ink, which is substantially identical with a
characteristic wavélength region of one basic color ink
selected out of the plurality of basic color inks:

(B) a mean value of light absorptivity that is greater
than or substantially identical with a mean value of light
absorptivity' of the selected basic color ink in the
characteristic wavelength region of the dark ink; and

(C) a mean value of'light absorptivity that is greater
fhan 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.

50. An ink cartridge in accordance with claim 46, said
ink cartridge further comprising:

a basic color ink reservoir that keeps therein one basic
color ink selected out of the pluraiity of basic color inks.

51. An ink cartridge in accordance with claim 46, said
ink cartridge further comprising:

a black ink reservoir that keéps therein black ink, which
is achromatic and has a low lightness.

52. An ink cartridge in accordance with claim 46, said
ink cartridge further comprising:

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 color ink.

53. An ink cartridge in accordance with claim 46, said
ink cartridge further comprising:

a basic color ink reservoir that keeps therein one basic

oo g
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color ink selected out of the plurality of basic color inks;
énd |

a light ink reservoir that keeps therein at least one
light. ink, which has a hue substantially identical with thét
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. . . |

54. An ink cartridge detachably attached to a printing
apparatus, which prints an image with at least one ihk, said
ink cartridge keeping therein at least one ink to be supplied
to said printing apparatus,

said ink cartridge compriéing:

a dark yellow ink reserﬁoir that keeps therein dark
vellow ink, the dark yellow ink having:

(A) a characteristic wavelength region that is mostly
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 dark yellow ink; and

(B) a mean value of absorptivity of the ray in the visible
range except the characteristic wavelength region, which
ranges from 10% to 60%.

55. An ink cartridge detachably attached to a printing
apparatus, which prints an image with at least one ink, said
ink cartridge keeping therein at least one ink to be supplied
to said printing apparatus,

said ink cartridge comprising:

a dark yellow ink reservoir that keeps therein dark
yvellow ink, the dark yellow ink having:

(A) a hue included in a specific range of 10R to 10GY

_
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on a Munsell hue circle; and

(B) a saturation of smaller than 3. SC on-a Munsell chroma.

56. 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 api)aratus .

said ink cartridge comprising:

an yellow ink reservoir that keeps yellow ink therein;
and |

a dark yellow ink reservoir that keeps therein dark
yellow ink, which has a lower lightness than that of the yellow
ink.

57. An ink reservoir in accordance with claim 56, wherein
the dark yellow ink reservoir has a greater capacity than that
of the yellow ink reservoir.
| 58. An ink cartridge detachably attached to a printing
apparatus, which prints an image with at least one ink, said
ink cartridge keeping therein at least one ink to be supplied
to said printing apparatus,

- said ink cartridge comprising:

a black ink reservoir that keeps therein black ink, which
is achromatic and has a low lightness; and |

a dark yellow ink reservoir that keeps therein dark
yellow ink, which has a lower lightness than that of yellow
ink.

59. An ink cartridge detachably attached to a brinting

apparatus, which prints an image with at least one ink, said
ink cartridge keeping therein at least one ink to be suppli

to said printing apparatus, \\\‘\\\\\\\‘\\\\\\ .
’ \\‘\\\\\\‘L 2
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said ink cartridge comprising:

a dark yellow ink reservoir that kKeeps therein dark
yvellow ink, which has a lower lightness than that of yellow
ink:

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. |

60. 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 yellbw ink reservoir that keeps yellow ink therein;

a dark vellow 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 i.hk reservoir that keeps magenta ink therein:
and

a light magenta ink reservoir that keéps therein light
magenta ink, which has a lower density than that of the magenta
ink. '

61l. An ink cartridge in accordance with claim 60, wherein

the dark yellow ink reservoir has a greater capacity than that

of the yellow ink reservoir. -
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62. An ink cartridge in accordance with any one of claim
46 and claims 54 through 61, 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.

63. An ink cartridge in accordance with claim 62, 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.

64. 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) a mean value of absoi:ptivity of the ray in the visible
rangé except the characteristic wavelength fegion, which
ranges from 10% to 60%.

65. An ink supplier that feeds a supply of ink to an ink

cartridge, said ink cartridge being detachably attached to a
N
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printing apparatus and keeping therein at ieast one ink used
by said printing apparatué, 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 sealéd 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) a saturation of sma:_l.ler than 3.5C on a Munsell chroma.

66. A recording medium, in which a specific .program is
recorded in a computer readable manner, said specific program
actualiiing' a method of creating dots with a plurality of
different inks, so as to print an image on a printing medium,

said specific program causing a computer to attain the
functions of:

specifying dot on-off conditions with i‘e.gard to a
pPlurality of basic color ini{s 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 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
color inks and the dark ink.

67. A recording medium, in which a specific program is

\
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recorded in a computer readable manner, said specific program
actualizing a.method of supplying control information to a
printer, which creates dots with a plurality of different inks
on a printing medium, in order to control the creation of dots
with the plurality of different inks and thereby controlling
a printing operation of said p:inter,

said specific program causing a compufer to attain the
functions of: |

specifying dot on-off conditions with regard to a
plurality of basic color inks and a dark ink based on input
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
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 said printer as the control information,
so as to control the printing operation of said printer.

68. A recording medium in accordance with claim 67,
wherein said specific program 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, and

the dot on-off conditions with regard to the plurality
of basic color inks and the dark ink are specified, Based on

the mappings stored in advance.
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69. A recording medium, in which a specific program is
recorded in a computer readable manner, said specific program
actualizing a method of supplying control information to a
printer, which creates dots with a plurality of different inks
on a printing medium, in order to control the creation of dots
with the plurality of different inks and thereby controlling
a printing operation of said printer,

said specific progralri causing a computer to at_ta'in the
functions of:

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, 'ma-genta ink, and yel;Low 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

outputting the specification of the dot on-off

conditions with regard to the plurality of basic color inks
and the dark yellow ink to said printer as the control
information, so as to control the printing operation of said '
printer.
_ ;70. A recording medium, in which a specific program is
recorded in a computer readable manner, said specific program
actualizing a method of receiving control information to
control creation of dots with a plurality of 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,

said specific program causing a computer to attain the
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functions of:

receiving the control information.to control creation
of dbts with a plurality of basic color inks and a dark ink,
the plurality of basic color inks being combined with one

another to express achromatic color, the dark ink having a main

'wavelength region of light absorption substantially identical

with that of one basic color ink selected out of the plurality
of basic color inks but a lower lightness than that of the
selected basic color ink; and .

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

71. A recording medium, in which a specific program is
recorded in a computer readable manner, said specific program
actualizing a méthod of receiving'control information to
control creation of dots with a plurality of .different inks
and driving a print head, which creates dots with the plurality
of different inks on a printing medium, based on the control
information, so as to print an image,

said specific program causing a computer to attain the
functions of:

receiﬁing the control information to control creation
of dots with a plurality of bdsic color inks and dark yellow
ink, the plurality of basic color inks including at least cvan
ink, magenta ink, and yellow ink, the dark yellow ink having
a main wavelength region of light abéorption substantially
identical with that of the yellow ink but a lower lightness
than that of the yellow ink; and

driving said print- head based on the input control
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information to create dots with the pluraiity of basic color

inks and the dark yellow ink, thereby printing an image. -
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