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FIG. 6A
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FIG. 14
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FIG. 15
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APPARATUS FOR MAKING A HALFTONE
RECORDING AND PROCESS FOR MAKING A
HALFTONE RECORDING USING THE SAME,

AS WELL AS INK TANK AND HEAD
CARTRIDGE FIT FOR HALFTONE
RECORDING AND INK-JET RECORDING
APPARATUS USING THE SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process for making a
halftone recording for recording a high quality image with a
suppressed grainy feeling, as well as an 1nk tank and a head
cartridge fit for halftone recording and an ink-jet apparatus
using the same.

2. Related Background Art

Recently, OA 1nstruments such as personal computers and
word processors have widely spread, thereby rapidly increas-
ing a chance of using such equipment to output not only
so-called binary images such as characters and line drawings
but also halftone 1images such as photos or colored 1mages in
output of information 1tems inputted.

For the output of these 1images, various recording methods
and recorders have been developed. Among them, the ink-jet
(11) scheme enabling an 1nexpensive and high quality color
image recording has begun to be accepted widely by the
market. With many popular types of recorders including this
IJ recorder, halftone records as mentioned above are
expressed in terms of areal gradation.

The areal gradation means a method for executing a hali-
tone reproduction by controlling the recording area onto the
recording medium and 1f an example of 1] recorder 1s taken for
the explanation, this method can be roughly divided into the
dot-diameter modulation scheme and the pseudo gradation
scheme. The dot-diameter modulation scheme 1s a method for
controlling the size of a dot on a sheet of paper according to a
value of gradation to control the recording area for unit area
by controlling the ink-jet amount of a dot to be recorded,
whereas devised as the pseudo gradation scheme are well-
known gradation reproducing methods such as dither matrix
method or ED (Error Diffusion) method.

However, the existing gradation-reproducing methods
mentioned above have the following disadvantages.

1. Actually, 1n the dot-diameter modulation scheme, an
ejection amount per dot varies about twice at the utmost 1n a
modulation range and this level of ejection amount modula-
tion 1s msudficient for a halftone reproducibility. In compari-
son of the recorded dot diameter 1n an ¢jection amount of 80
ng/dot with that 1n an ejection amount of 8 ng/dot on paper,
dot diameter on the paper surface ditters only by about twice
though the ejection amount differs by ten times. Even if
somewhat of variations appears without doubt according to
the composition of ink, a modulation width of about twice by
the ejection amount cannot be sullicient as an areal gradation
means by the control of the recorded dot diameter on paper at
all.

2. The pseudo gradation method, e.g., dither matrix
method, 1s a method for controlling the number of dots
recorded 1n a decided matrix size. By increasing the matrix
s1ze, the gradation reproducibility can also be improved, but
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the actual resolution lowers and the sharpness of characters or
line drawings worsens. Furthermore, especially in the image
portion of a low gradation (lughlight part), the grainy feeling
of dots takes place as foreign feeling. Using the ED method
mentioned above a lowering of resolution can be moderated
in some extent, but the grainy feeling in the highlight part 1s
not improved because 1t 1s originated from a dot density.

There 1s a recording method using a dilute pale ink 1n such
a manner that the grainy feeling 1s not noticed, but the use of
an 1nk diluted unduly cannot satisty the highest density in the
dark part though the grainy feeling in the highlight part can be
moderated, so that a higher quality 1s unexpectable as a whole
image. Alternatively, there 1s a so-called high and low con-
centration ink recording method in which inks of the same
color at a plurality of concentrations are used as a recording
ink. This 1s a method 1n which both the grainy feeling 1n the
highlight part and the highest density 1n the dark part are
satisfied by using a suiliciently diluted ink and a suiliciently
concentrated ink, but 1n this case, grainy feeling never fails to
appear at a switching portion from a pale 1k recording to a
deep 1nk recording 1n the reproduction process of gradation.
To be specific, when a dot of sufficiently concentrated ink 1s
printed into a highlight image portion recorded by a suffi-
ciently diluted pale ink, grainy feeling never fails to be notice-
able due to the difference in contrast between pale ink images
and deep ik 1mages, thereby losing an effect of executing a
concentration varying recording. Needless to say, increasing
the diluted grades of ik, by use of middle ik diluted to an
intermediate concentration between the pale and the deep 1nk,
turther use of middle diluted and middle deep ink at a further
intermediate concentrations, and so on, can solve such a
problem, but has difficulty in practical use because the
accompanying increase in recording heads and recording 1nk
species results 1n a great cost rise.

SUMMARY OF THE INVENTION

Made to solve the existing problems mentioned above, the
present invention has an object of providing a hali-tone
recording method enabling a high-quality halitone recording
in a less degree of grainy feeling without reduction of a real
resolution and an apparatus for making a halftone recording
thereby, as well as an 1nk tank and a head cartridge fit for the
halftone recording and an ink-jet recorder using the same.

According to the present invention there 1s provided an
apparatus for making a halftone recording by employing
three or more types of color materials, comprising three or
more types of color materials each of which has at least one
grade of concentration, wherein each type of the color mate-
rials having the lowest concentration provides, when record-
ing on a recording medium having a first lightness, a recorded
region having 1ts own lightness, and wheremn a difference
between the first lightness and the lightness of the recorded
region 1s not more than 35, the lightness being measured
according to the definition of CIE 1976 psychological mea-
surement lightness using a standard 1lluminating light D65 as
a light source.

According to the present invention there 1s also provided a
process for making a halftone recording, comprising provid-
ing three or more color materials each of which having at least
one concentration grade, and adding the color materials on a
recording medium having a first lightness, wherein each type
of the color materials having the lowest concentration pro-
vides, when recording on the recording medium, a recorded
region having 1ts own lightness, and wheremn a difference
between the first lightness and the lightness of the recorded
region 1s not more than 35, the lightness being measured
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according to the definition of CIE 1976 psychological mea-
surement lightness using a standard 1lluminating light D65 as
a light source.

According to the present invention there 1s further provided
an 1k tank used 1n an apparatus for making a halftone record-
ing, the 1k tank holding three or more types of color mate-
rials each of which having at least one grade of concentration,
wherein each type of color materials having the lowest con-
centration provides, when recording on the recording
medium, a recorded region having its own lightness, and
wherein a difference between the first lightness and the light-
ness of the recorded region 1s not more than 35, the lightness
being measured according to the definition of CIE 1976 psy-
chological measurement lightness using a standard 1lluminat-
ing light D635 as a light source.

According to the present invention there 1s still provided a
head cartridge that uses an ink tank according to claim 19,
equipped with a recording head for ejecting the color mate-
rials fed from said ink tank.

According to the present invention there 1s still also pro-
vided a head cartridge that uses an 1ink tank according to claim
19, equipped with a recording head for ejecting the color
materials fed from said 1nk tank and so arranged that the 1D
information indicating the types of color materials kept
therein can be outputted.

According to the present invention there 1s still futher pro-
vided an 1nk-jet apparatus that uses an 1nk tank according to
claim 28 for recording, comprising: a recording head for
ejecting ink kept in said ik tank; and a printing amount
control section for 1dentifying the class of a color material
kept therein with an ID information outputted by said ink tank
and determining driving conditions of said recording head
corresponding to the identified type of the color material.

According to the present invention there 1s also still pro-
vided an ik-jet apparatus that uses a head cartridge accord-
ing to claim 30 for recording, comprising: a loading section
for exchangeably loading said head cartridge; and a printing
amount control section for identitying a class of a color mate-
rial kept 1n the loaded head cartridge with an ID information
outputted by said head cartridge loaded 1n said loading sec-
tion and deciding the driving conditions of said recording
head corresponding to the identified class of the color mate-
rial.

According to the present invention there 1s also still further
provided an ink-jet apparatus comprising: a loading section
for loading a first ink-jet head for ejecting a first ink superior
in coloristic performance and a second 1nk-jet head for eject-
ing a second ink inferior 1n coloristic performance 1n a mutu-
ally exchangeable manner; and drive means for providing
drive conditions to the ink-jet head loaded on said loading
section.

According to the present invention there 1s still also further
provided an apparatus for making a halftone recording by
employing three of more types of coloring materials, wherein
cach of the three of more types of color materials has at least
two grades of concentration, the color materials of adjacent
concentration grades 1n every type of color materials, provide
respective recorded region having its own lightness, a light-
ness difference between the recorded regions being not more
than 35, the lightness being measured according to the defi-
nition of CIE 1976 psychological measurement lightness
using a standard i1lluminating light D65 as a light source.

According to the present invention there 1s provided an
apparatus for making a halftone recording by employing
three types of color materials of yellow, magenta and cyan,
cach type of color material having at least one concentration
grade, wherein each type of color materials of magenta and
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4

cyan contains color materials which provide a recorded
region having its own lightness when each type of color
materials ol magenta and cyan having the lowest concentra-
tion 1s recorded on a recording medium having a first light-
ness, a difference between the first lightness and the lightness
of the recorded region being not more than 35, the lightness
being measured according to the defimition of CIE 1976 psy-
chological measurement lightness using a standard 1lluminat-
ing light D65 as a light source.

According to the present invention there 1s provided an
apparatus or making a halftone recording by employing three
types ol color materials of yellow, magenta, and cyan each of
which having at least two concentration grades, wherein the
color matenials having adjacent concentration grades provide
recorded regions having respective lightness, a lightness dii-
ference between the recorded regions 1s not more than 35, the
lightness being measured according to the definition of CIE
1976 psychological measurement lightness using a standard
illuminating light D65 as a light source.

According to the present invention there 1s provided an
apparatus for making a halftone recording by employing at
least two types of color materials of magenta and cyan each of
which having at least one concentration grade, wherein each
type of the color materials having the lowest concentration
provides, when recording on the recording medium having a
first lightness, a recorded region having 1ts own lightness, and
wherein a difference between the first lightness and the light-
ness of the recorded region 1s not more than 335, the lightness
being measured according to the definition of CIE 1976 psy-
chological measurement lightness using a standard 1lluminat-
ing light D65 as a light source.

According to the present invention there 1s provided an
apparatus for making a halftone recording by employing at
least two types of color materials of magenta and cyan each of
which having at least two concentration grades, wherein the
color materials having adjacent concentration grades provide
recorded regions having respective lightness, a lightness dif-
terence between the recorded regions 1s not more than 35, the
lightness being measured according to the definition of CIE
1976 psychological measurement lightness using a standard
1lluminating light D65 as a light source.

According to the present invention there 1s provided a
process for making a halftone recording by employing three
types of color maternials each of which having at least two
concentration grades, wherein the color materials having
adjacent concentration grades provide recorded regions hav-
ing respective lightness, a lightness difference between the
recorded regions 1s not more than 35, the lightness being
measured according to the definition of CIE 1976 psycho-
logical measurement lightness using a standard 1lluminating
light D65 as a light source.

According to the present invention there 1s provided a
process for making a halitone recording by employing at least
three types of color materials of yellow, magenta and cyan,
cach of which having at least one concentration grade,
wherein each type of color matenials of magenta and cyan
contains color materials which provide a recorded region
having its own lightness when each type of color materials of
magenta and cyan having the lowest concentration 1s
recorded on a recording medium having a first lightness, a
difference between the first lightness and the lightness of the
recorded region being not more than 35, the lightness being
measured according to the definition of CIE 1976 psycho-
logical measurement lightness using a standard 1lluminating
light D65 as a light source.

According to the present invention there 1s provided a
process for making a halitone recording by employing at least
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three types of color materials of yellow, magenta and cyan,
cach of which having at least two concentration grades,
wherein the color materials having adjacent concentration
grades provide recorded regions having respective lightness,
a lightness difference between the recorded regions i1s not
more than 33, the lightness being measured according to the
definition of CIE 1976 psychological measurement lightness
using a standard illuminating light D65 as a light source.

According to the present mvention there 1s provided a
process for making a haliftone recording by employing at least
two types of color materials of magenta and cyan, each of
which having at least one concentration grade, wherein each
type of color materials of magenta and cyan contains color
materials which provide a recorded region having its own
lightness when each type of color matenials of magenta and
cyan having the lowest concentration 1s recorded on a record-
ing medium having a first lightness, a difference between the
first lightness and the lightness of the recorded region being
not more than 35, the lightness being measured according to
the definition of CIE 1976 psychological measurement light-
ness using a standard illuminating light D635 as a light source.

According to the present mvention there 1s provided a
process for making a halftone recording by employing at least
two types of color material of magenta and cyan, each of
which having at least two concentration grades, wherein the
color material having adjacent concentration grades provide
recorded regions having respective lightness, a lightness dii-
terence between the recorded regions 1s not more than 35, the
lightness of the recorded region 1s not more than 33, the
lightness being measured according to the definition of CIE
1976 psychological measurement lightness using a standard
illuminating light D65 as a light source.

According to the present invention there 1s also provided a
process for making an image, comprising the steps of: pro-
viding at least three types of color materials of yellow,
magenta and cyan, each of which having at least two concen-
tration grades, and forming an image on a recording medium
by employing the color maternials, the 1mage consisting of
primary colors made by each of the color materials, and
secondary colors made by mixture of the different types of
color matenals, wherein the color materials having adjacent
concentration grades provide recorded regions having
respective lightness, a lightness difference between the
recorded regions 1s not more than 35, the lightness being
measured according to the definition of CIE 1976 psycho-
logical measurement lightness using a standard 1lluminating
light D65 as a light source, and wherein the forming steps
comprises a step ol subjecting color separation of each of
pixels constituting the 1mage 1nto primary color components,
and a step ol modifying maximum printing amounts of the
color materials to be added onto the recording medium
according to the concentration grades of the color materials as
for the primary color components resulting from the color-
separation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1llustration of one embodiment of the present
invention;

FI1G. 2 1s a block diagram explaining the logic of arecorder;

FIG. 3 1s a block diagram showing the general configura-
tion of a recording system 1ncluding a host computer and an
apparatus for making a halftone recording according to
another embodiment of the present invention;
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6
FIG. 4 1s a perspective view showing the constitution of a

mechanism section with the front cover removed 1n an ink-jet

apparatus according to another embodiment of the present
invention.

FIGS. 5A and 5B are perspective views of an ink cartridge
and an 1nk tank 1n an ink-jet apparatus according to another
embodiment of the present invention;

FIGS. 6 A and 6B are drawings showing the contact section
of an ink cartridge in an ink-jet apparatus according to another
embodiment of the present invention;

FIGS. 7A and 7B are 1illustrations of another method for
detecting the classification of ink tanks at an 1k cartridge 1,
employed in an ink-jet apparatus according to another
embodiment of the present invention;

FIG. 8 1s a flowchart showing the processing of a color
processing module of a printer driver according to another
embodiment of the present invention;

FIG. 9 1s a graph explaining the relation between a dye
(coloring matter) concentration of ink and a reflection density
in another embodiment of the present invention;

FIG. 10 1s a chart explaining the relation among a coloring,
matter concentration of ik, data, recording media and maxi-
mum printing amount 1n another embodiment of the present
imnvention;

FIGS. 11A and 11B are drawings showing dispositions of
dots recorded on a recording medium 1n an ink-jet apparatus
according to another embodiment of the present mvention,
where FIGS. 11A and 11B show the positions of recorded
dots based on 360 dp1 and multivalued data, respectively;

FIGS. 12A, 12B and 12C are each a drawing showing
dispositions of print data and dots 1n another embodiment of
the present mvention, where FIGS. 12A to 12C show cases of
binary data, tetravalued data and pentavalued data, respec-
tively;

FIG. 13 15 a block diagram showing a configuration of an
ink-jet apparatus according to another embodiment of the
present invention.

FIG. 14 1s a flowchart showing the processing in a printer
driver of a host computer according to another embodiment of
the present invention;

FIG. 15 1s a flowchart showing the processing 1n an 1ink-jet
apparatus according to another embodiment of the present
invention; and

FIG. 16, comprised of FIGS. 16 A and 16B, 1s a tlowchart
showing the processing ol multi-path recording in an 1nk-jet
apparatus according to another embodiment of the present
ivention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The apparatus for making a halftone recording according
to the present invention comprises respective recording
means for recording individual colored materials of substan-
tially same color different 1n lightness to execute a high-
quality gradation recording. The above plurality of a record-
ing means may be of separate piece scheme for executing a
recording by using a plurality of recording heads or of one
piece scheme for executing a recording by using a single
recording head.

For ahigh image quality of gradation recording, 1t 1s impor-
tant to implement a wide gradation reproduction range from
the low haliftone 1image part (highlight part) to the high hali-
tone 1mage part (dark part) and a heterogeneity-iree gradation
junction between them. A wide gradation reproduction range
alternatively means that a maximum reproducible image den-
sity 1s high and can be implemented by raising a solid print



US RE45,265 E

7

density above a definite value. Besides, although a heteroge-
neity-free gradation junction 1s not easily defined, the mven-
tors have found that 1t can be defined as one index by the
contrast difference from the surrounding images. For
example, 1 printing a recorded dot on a recording medium, a
higher contrast between a recording medium and printed dots
than a definite value will make a spotty feeling or rough
teeling (referred to as grainy feeling) conspicuous. As one
index for contrast, lightness difference can be mentioned. If
this lightness difference exceeds 23, a grainy feeling begins to
become appreciable and 1s significantly stirred 11 exceeding,
35. Since a lightness of a general copying paper 1s around 90,
it 1s desirable for making the grainy feeling inconspicuous
even 1n direct recording on a recording medium of this light-

ness that the recording lightness of ink exceeds 63. Thus, let
such ik (color material) be employed that the recording
lightness with the most concentrated 1nk (thick ink) becomes

63.
Incidentally, the above-mentioned recording lightness

means a value generally designated with L* 1n the definition
ol psychological measurement lightness recommended 1n
1976 by the CIE (Commission Internationale de Enlu-
minure). Hereinatter, the lightness, hue and saturation 1s to
tollow the defimitions 1n CIE 1976 unless otherwise specified.

And, the measurement method of recording lightness 1s to
measure a lightness of a recorded dot which 1s recorded on a
recording medium by the above recording means, or thatof a
solid print region of a 100% solid printing of a color material,
and the light source at that time 1s a standard 1lluminating light
D65 1n the CIE definitions mentioned above.

As mentioned above, it 1s preferable for the attainment of a
wide reproducing range to set the maximum 1mage density
above a definite value. If a dedicated recording medium
proper to the apparatus for making a halftone recording 1s
used, this maximum density record is preferably at least 1.4 in
terms of optical reflection density (OD), measured by using a
complementary color filter to the measured color. Even 1n a
record on general copying paper, 1t 1s desirable for the pur-
pose of implementing a high 1mage quality that a value of not
lower than 1.0 1s achieved 1n terms of the O.D. mentioned
above. In a system of full-color recording by using Y (vel-
low), M (magenta) and C (cyan) ik, for example, related to
the embodiments mentioned later, the Y ink has a lightness of
not lower than 65 and can implement a density of 1.4, and
accordingly one type of ink having a lightness of 85 1is
employed asY ink. Since M and C ink adjusted to a lightness
of 65 cannot achieve an OD value of 1.4, one type (pale 1nk)
having a lightness of 65 in recording lightness and moreover
another type of each of M and C ink (deep ink) capable of
achieving an OD value of 1.4 are established. Here, the hali-
tone recording 1s performed by the pale 1ink for the highlight
(low gradation) part and by mixing 1t with the deep ink as the
recording 1s moved to the dark (high gradation) part. In the
case of mixing it with the deep ink, 1t 1s advisable for making
the grainy feeling of dots unremarkable due to the deep 1nk to
determine the lightness difference between the pale ink
record portion and the deep 1nk record preterably within 25,
even at the greatest within 35. As a result of experiments, an
OD value of not less than 1.4 at a solid print portion printed
with the deep ink can be attained, by making a recording
lightness of M and C deep inks about 50. Since this recording
lightness o1 50 1s sulliciently small, 1.e., by 15, in difference of

10

15

20

25

30

35

40

45

50

55

60

65

8

a recording lightness with the pale ink, the grainy feeling can
be made hardly noticeable, even when the deep ink recording
may co-exist into the pale one, without further using a middle
concentration ol 1ink between the pale ink and the deep 1nk.
Thus, with the aspect of this embodiment, use of one type for
theY ink and two types for each of the M and C 1nks, adjusted
to the above-mentioned concentration, enables a high image
quality gradation apparatus for making a halitone recording

having a heterogeneity-iree junction of gradation and a wide
gradation reproducing range to be implemented 1n the provi-
s1on of a minimum types (recording lightness) of 1nks (color
materials) for each color.

The concept of coloristic performance 1s indicated by a
strength of coloring ability of ink itself, or the degree of
coloristic performance depicted on a recording medium.

In case of a chromatic color, 1t indicates a strength of
coloring ability, and 1n case of an achromatic color, 1t 1ndi-
cates adegree of lightness. In such meaning, this may be adye
concentration of ink when using the same dye or pigment.

Alternately, for comparison 1n the printed state on a record-
ing medium, 1t may be an optical retlection density or the
maximum saturation in one and the same hue.

So-called photo-coloring 1s positioned at an excellent col-
oristic performance.

EXAMPLE 1

Next, by referring to the drawings, one embodiment will be
described in detail. Incidentally, this embodiment refers to an
apparatus for making a halftone recording having one type of
color material for each hue.

FIG. 1 1s a perspective view for explaining an apparatus for
making a halitone recording of ink-jet scheme.

First, the general configuration of an apparatus for making,
a halftone recording will be described. In FIG. 1, numeral
1001 denotes a recording sheet comprising paper or plastic
sheet. The apparatus for making a halftone recording 1s so
arranged that a plurality of sheets 1001 stacked on a cassette
or the like are fed one by one by means of a paper feed roller
(not shown) and conveyed 1n the direction of the arrowhead A
by means of a {irst pair of convey rollers 1003 and a second
pair of convey rollers 1004 disposed a definite gap apart each
driven with individual stepping motors (not shown).

The recording head 1003 of 1mnk-jet type for executing the
recording onto the above recording medium sheet 1001 com-
prises a recording head 10035a for the recording in K (black)
ink, a recording head 1005b for the recording 1n C (cyan) ink,
a recording head 1005c¢ for the recording 1n M (magenta) ink
and recording head 1005d for the recording inY (yellow) ink.
Inks have only one grade of concentration for each color and
are fed from the respective ink cartridges (not shown) and
discharged from nozzles in response to 1mage signals. These
recording heads 1005 and ink cartridges are loaded on a
carriage 1006, to which a cartridge motor 1023 1s connected
via a belt 1007 and pulleys 1008a and 1008b. Thus, the
carriage 1006 1s so arranged as to scan back and forth along a
guide shaft 1009 by driving the carriage motor 1023.

According to the above arrangement, the recording head
1005 discharges 1nk to a record sheet 1001 1n response to
image signals while travelling in the direction of the arrow-
head B to record an ink image, and the recording head 10035
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returns to the home position for resolving a nozzle clogging
by using an 1nk restoring device (not shown), as needed and
moreover the pairs of convey rollers 1003 and 1004 are driven
to convey the recording sheet 1001 by one line 1n the direction
of the arrowhead A. By repeating this procedure, a predeter-
mined recording 1s performed on the recording sheet 1001.

Next, the control system for driving individual members of
the above apparatus for making a halftone recording will be
described. As shown 1n FIG. 2, this control system comprises
a control section 1020 equipped with a CPU 1020a such as a
microprocessor, a ROM 1020b for storing a control program
or various data of this CPU 1020a and a RAM 1020c used as
the work area of the CPU 1020a and performing a temporary
storage of various data such as recording image data, an
interface 1021, an operating panel 1022, a driver 1027 for
driving 1individual motors (a carriage motor 1023 for driving
a carriage, a paper feed motor 1024 for driving a paper feed
roller, a first conveying motor 1025 for driving a first pair of
convey rollers, a second conveying motor 1026 for driving a
second pair of convey rollers) and a driver 1028 for driving a
recording head 1005.

The above control section 1020 performs the I/O (input/
output of information) of various information items, such as
1.€., character pitch and character type, from the operating
panel, image signals to an external device 1029 or the like via
the interface 1021. Besides, the control section 1020 outputs
an ON signal and an OFF signal for driving individual motors
1023 to 1026 and 1mage signals via the interface 1021 and
drives individual members 1n response to these image signals.

With the above apparatus for making a halftone recording,
recording 1s made at a resolution of, e.g., 360 dp1 (dot/inch).
The resolution of the recording head 1s also 360 dp1 and each
head has 64 recording nozzles in one line. A droplet of a
recording liquid discharged from each nozzle 1s about 40 ng
in common to all heads and the diameter of a recorded dot 1n
cases ol recording on general copying paper 1s about 90 um.
Thus, by printing one dot on each of length and widthwise
360 dp1 lattice points, the print area of a recording medium 1s
totally covered with recording 1nk (printing of this printing,
ratio will be abbreviated as “100% solid printing™).

Recording media in the target of this apparatus for making,
a halftone recording include, e.g., the general copying paper
mentioned above and exclusive paper for an ink-jet system
having a coat layer for retaining an ink provided on the
surface. Table 1 shows compositions of inks which makes an
OD value not lower than 1.0 when a 100% solid printing 1s
performed on the general copying paper mentioned above and
not lower than 1.4 for a 100% solid printing 1s performed on

exclusive paper for an imnk-jet system. The dye concentration
olY 1k 1s 3.0% by weight and those of other K, C and M 1nks
are 3.5% by weight, respectively. As shown 1n Table 1, the
solvent 1s composed of glycerine, acetylenol, urea and dis-
tilled water.

TABLE 1
K C M Y
Dye 3.5% 3.5% 3.5% 3.0%
Glycerine 15.0% 15.0% 15.0% 15.0%
Acetylenol 1.0% 1.0% 1.0% 1.0%
Urea 7.5% 7.5% 7.5% 7.5%
Distilled Water 73.0% 73.0% 73.0% 73.5%

(%: by weight)
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Table 2 shows a relation between an OD value and a record-
ing lightness when recording 1s performed with 1inks men-
tioned above on the exclusive paper for an ink-jet system.

TABLE 2
Original 3-times 4-times 5-times
C (cvan) ink
100% 1.50 0.90 0.70 —
52.1 69.1 73.0
200% 1.75 1.42 1.15 —
300% — 1.62 1.50 1.30
M (magenta) ink
100% 1.42 0.75 — —
46.2 65.0
200% 1.60 1.35 — —
300% — 1.42 — —
Y (yellow) ink
100% 1.41 — — —
88.8
200% — — — —
300% — — — —

In Table 2, values of the column designated with “Original™
are experimental results in recording with the ink mentioned
above, and those of the row designated with “100% are ones
obtained 1n a 100% solid painting. Incidentally, “200% rep-
resents the results 1 printing of one dot for each of the lattice
points, 360 dp1 1n length and 720 dp1 1n width and the printed
amount of recorded dots per unit area 1s double that obtained
in a 100% solid printing. As evident from Table 1, the OD

value for individual colors at a 100% solid printing 1s 1.50 for
C 1k, 1.42 for M 1ink and 1.41 for Y ink as shown leftward
above a slant broken line 1n sections, all of which exceed 1 .4.

Since the maximum 1mage density 1s sufliciently high, the
gradation reproducing range, one important factor for a high

image quality gradation recording, can be chosen to be suili-
ciently wide. However, as shown rightward below a slant
broken line, the recorded lightness 1s 88.8 and suiliciently
high forY and by contraries, 1s 52.1 for C and 46.2 for M, both
of which are below 60. The lightness of the above-mentioned
recording medium exclusively used for an ink-jet system 1s
94.2, while the difference of the recording medium 1n record-
ing lightness from C and M 1nk 1s 42.1 and 48.0, respectively,
which differences are considerably large. Since a recording
lightness exceeding 35 will lead to a marked development of
grainy feeling of dots as mentioned above, no heterogeneity-
free nor smooth junction can be expected 1n the reproduction
of gradation, especially for the highlight portion. In Table 2,
the columns designated with 3-times, 4-times and 5-times are
the results 1n diluted inks. Here, the 3-times represents the use
of 1nk diluted to one third of a dye concentration for the
original, while the 4-time and 5-time represent the use of 1nk
diluted to one fourth and one fifth, respectively. As evident
from the experimental results cited 1n Table 2, the recording
lightness (rightward below a slant broken line) can be raised
with decreasing a dye concentration and the grainy feeling
can also be reduced. However, the image density 1n a 100%
solid recording decreases corresponding to an increase in
dilution factor, thereby resulting in the trade-off as compre-
hensive 1image quality of gradation reproduction.

In this embodiment, however, the solution 1s derived by
quantitatively judging a balance between the grainy feeling 1in
the highlight part and the maximum i1mage density, atfecting
the quality of gradation reproducibility. That 1s, each dye
concentration oY, M and C inks can be determined 1in such a
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manner as to make the recording lightness of individual col-
ors lying not less than 60. The reason why the recording
lightness 1s made to be not less than 60 1s to keep the lightness
difference within 35 (L*=335). Recording media to be sub-
jected to one apparatus for making a halftone recording are
generally not of one type. Besides, since generally copying
paper available for a user 1s of various types, the lightness of
various media related to these ranges from about 85 to about

90 and that of the exclusive paper for an ink-jet system ranges
from about 90 to about 95. Thus, even for the most serious
exclusive paper for an ink-jet system having a medium light-
ness of 95, the lightness difference of from 25 to 35 can be
attained for most of copying paper and exclusive paper for an
ink-jet system, 1f the recording lightness recorded by a
recording ink 1s matched to not lower than 60. As mentioned
above, a lightness difference o1 25 1s a preferable range for the
climination of a grainy feeling and a lightness of 35 1s an
allowable range for a grainy feeling, and therefore setting the
recording lightness to not lower than 60 enables the most
appropriate dilution concentration to be determined for the
majority of recording media.

In Example 1, by determining the dilution factor to 3-times
both for C and for M, the C and M recording lightness can be
made to be not lower than 60. Thus, the lightness difference
from the majority of recording media can be kept within 35,
and even for gradation reproduction in the highlight part, a
smooth heterogeneity-iree junction can be attained. Table 3
shows the dye concentrations satistying the conditions men-
tioned above for individual colors. The dye concentrations of
C and M 1nks are lowered from 3.5% by weight to a one third
value, 1.2% by weight, and the content of distilled water in the
solvent 1s changed from 73% by weight to 75.3% by weight.

TABLE 3
K C M Y
Dye 3.5% 1.2% 1.2% 3.0%
Glycerine 15.0% 15.0% 15.0% 15.0%
Acetylenol 1.0% 1.0% 1.0% 1.0%
Urea 7.5% 7.5% 7.5% 7.5%
Distilled water 73.0% 75.3% 75.3% 73.5%

(%: by weight)

As shown 1n Table 2, an OD value for a 100% solid printing
with the diluted C and M inks mentioned above are respec-
tively 0.9 and 0.75 and cannot be said to be sufficient at all.
Thus, 1n Example 1, the overall raising of the maximum
concentration 1s accomplished by increasing the printing
amount of 1nk to be printed with. Considering that the dot
diameter of a recorded dot 1s about 90 um for general copying
paper and the recording resolution 1s 360 dp1 as mentioned
above, the 100% solid printing 1s sufficient as a solid printing.
That 1s, by a 100% solid printing, the recording part on a
recording medium can be totally covered with a recording
ink. Usually, when gradation 1s reproduced 1n terms of areal
gradation, the maximum concentration 1s determined at the
time when a recording medium 1n the recording section 1s
totally covered with record dots, but a recording medium
cannot always accept only the 100% solid printing. Accord-
ing to experiments, many types of copying paper could accept
ink, e.g., to a 300% solid printing. Thus, 1f the maximum

density 1s intended with a 300% solid printing, the OD value
can be attained to 1.62 for C ink and to 1.42 for M 1nk with the
above 3-time diluted 1nk as shown in Table 2. Since the Y 1nk
1s not diluted as mentioned above, the recording lightness
which comes into question as grainy feeling especially for the
highlight part and the maximum image recording density can
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be attained respectively to and below 35 and to and above 1.41
throughout C, M and Y colors.

Incidentally, for the K (black) ink of an achromatic color,
the recording lightness 1s 28.5 and much lower than 60 1n the
dye concentration of Table 3, but the K ink 1s not always
required to have a recording lightness of not lower than 60 by
the reasons that a pale gray can be synthesized by using C, M
and Y 1nks, and that the K color of an achromatic color differs
in character from a color hue of a chromatic color and 1s
required for the output of a black letter or black ruled lines at
a high contrast rather than from the viewpoint of grainy feel-
ing. Thus, 1n this embodiment, the K 1nk remains undiluted 1n
a high concentration, but needless to say, the K ink having a
recording lightness of not lower than 60 may be used or the
scheme of using the K 1ink diluted below 28.5 as 1s the existing,
state inferior to 60 i1n recording lightness 1s allowable 1n
consideration that an achromatic color image of low grada-
tion 1s recorded by the synthesis of C, M and Y 1nks.

Meanwhile, with respect to secondary colors such as R
(red), G (green) and B (blue), neither density nor lightness are
mentioned, but with an arrangement that the density and
lightness of the primary colors (C, M, Y) are reproducible 1n
a high 1image quality, those skilled in the art can easily under-
stand that reproduction of a high image quality gradation 1s
possible also for secondary or higher-order colors created by
the combination of primary colors, such as, e.g., by the cre-
ation of a secondary color as a plane without overlap of dots
of two colors at the unit of pixels 1n a secondary color region
of the low gradation part, and accordingly a detailed descrip-
tion 1s omitted here.

Also concerning methods for 300% solid printing, those
skilled 1n the art would be still able to easily understand that
there are a plurality of implementing means, such as, e.g., a
method of tetravalued recording (printing method of not
printing at the unit of pixel, such as one-dot printing, two-dot
printing and three-dot printing) by printing on 600 dpi pixels
through a plurality of buses or a method of a triple printing
amount of ink per area relative to the 360 dp1 pixels, by setting
the transverse resolution to 1080 dpa.

As mentioned above, by setting the recording lightness of
all recording color materials for recording a chromatic color
image to or above 60 (L*=60), an apparatus for making a
halftone recording for implementing a high 1mage quality
gradation reproduction having a smooth heterogeneity-iree
gradation junction in the whole halitone reproduction region
from the low gradation part to the high gradation part and
having a wide gradation reproducing range can be easily

provided with a plurality of ink types (color materials) having
the same hue and different lightness.

EXAMPLE 2

Next, another embodiment enabling a still higher image
quality of gradation reproduction will be described.
Described 1n Example 1 1s an example of an ink composition
in which a high image quality of gradation reproduction can
be accomplished with one type of ink in substantially the
same hue for each color. As mentioned above, this was an
arrangement that a high image quality of gradation reproduc-
tion can be accomplished but a great amount of ink per area 1s
printed within the allowable accepting limits of a target
recording medium. With larger printing amount of ink, the
amount of consumed 1nk 1ncreases and the running cost aug-
ments. Besides, trouble 1n operation, such as a rise in the
frequency of replacement, 1ncreases.
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Furthermore, since the number of printed dots increases,

there are also cases where not-to-be-neglected difference
such as a shorter life of printing heads appears 1n applications
to a great deal of printing.

In Example 2, an apparatus for making a halitone recording,
in which the above problems are suppressed by reducing the
number of printed dots per area 1s implemented. According to
this embodiment, inks having a plurality of recording light-
ness different in lightness at substantially same hue are estab-
lished under conditions that a high image quality of gradation
reproduction can be actualized and in such a manner that the
maximum density can be attained 1n the 100% solid printing.

As mentioned above, the conditions that a high image
quality of gradation reproduction can be actualized means
that a heterogeneity-iree junction of gradation can be attained
in the whole halftone reproducing region from the low gra-
dation part to the high gradation part and a wide gradation
reproducing range 1s provided. Specifically, 1n this embodi-
ment, the lightness difference between the recording light-
ness of printed dot 1n a gradation recording of substantially
same hue and the surrounding lightness lies within 35 (in-

cluding a case where the lightness difference between the
recording lightness with a color material of the maximum
lightness and the surrounding lightness lies within 35) and the
maximum density 1s an OD value of not lower than 1.4 for
exclusive paper for an 1nk-jet system and an OD value of not
lower than 1.0 for general copying paper.

Ink 1s selected first from the limaits that an OD value of not
lower than 1.4 in the 100% solid printing, where the recording
medium 1s exclusive paper for an ink-jet system. In this
embodiment, as described by using Tables 1 and 2, a dye

concentration satisfying these conditions 1s set to 3.5% by
weight for C 1nk, 3.5% by weight for M ink and 3.0% by
welght forY 1nk (3.5% by weight for K ink). Thereby, the OD
value of primary colors can be attained to 1.5 for C 1mages,
1.42 for M 1mages and 1.41 for Y images in the 100% solid
printing (1nk types of these concentrations are referred to as
“deep mk” for the sake of convenience).

Next, a high image quality of gradation reproduction that
cannot be improved with the deep ink mentioned above, 1.¢.,
a method for a smooth heterogeneity-iree junction of grada-
tion, will be considered. As described 1n Table 2, the record-
ing lightness with deep inks are 52.1, 46.2 and 88.8 for C, M
and Y 1nks, respectively. As mentioned above, in order to
make a grainy feeling unnoticed even on printing of recorded
dots 1n these recording lightness, the lightness difference
from the background (i.e., images already recorded) must be
kept within 35 (preferably within 25). Thus, the lightness of
less concentrated ink types (referred to as “pale 1nk™ for the
sake of convenience) than the deep ink can be selected 1n the
limits of not higher than 87.1 and 81.2 for C and M 1nks,
respectively (since the lightness difference 1s desirably within
25, lightness of nothigher than /7.1 and 71.2 for C and M 1nks
are more preferable). And aside from the lightness difference
from the recording lightness with deep ink, the difference
from the lightness of a recording medium must also be con-
sidered. The recording medium assumed 1n this embodiment
has a maximum lightness of 95 as with Example 1. Thus, by
setting the recording lightness of pale 1nk 1n between light-
ness of deep 1k and of a recording medium, the lightness
difference from both can be set within the allowable limaits.
Thus, the pale ink of C and M colors are set to inks at columns
of 4-times and 3-times 1n Table 2. That 1s, the pale recording
lightness of C ink and M 1nk are 73.0 and 63.0, respectively.
Since the deep 1nk of Y color satisfies both density and light-
ness, the pale 1k need not be set.
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In the setting of the deep and pale inks, with respect to C
images, the lightness difference becomes 22 (95 minus 73)
between a medium and pale recorded 1images and 20.9 (73.0
minus 52.1) between pale recorded images and deep recorded
images, while the maximum recording density (optical
reflection density; OD) becomes 1.50. And with respect to M
images, the lightness difference becomes 30 between the
medium and pale recorded images and 18.8 between pale

recorded 1mages and deep recorded images, while the maxi-
mum recording density (optical reflection density; OD)
becomes 1.42. And with respect to Y 1mages, the lightness
difference becomes 6.2 between the medium and Y 1mages,
while the maximum recording density (optical reflection den-
sity; OD) becomes 1.41. With respect to all recorded 1mages,
the above-mentioned conditions for a high image quality of
gradation reproduction can be satisfied.

The compositions of pale C and M inks are shown 1n Table
4.

TABLE 4
K C M Y
Dye 3.5% 0.9% 1.2% 3.0%
Glycerine 15.0% 15.0% 15.0% 15.0%
Acetylenol 1.0% 1.0% 1.0% 1.0%
Urea 7.5% 7.5% 7.5% 7.5%
Distilled water 73.0% 75.6% 75.3% 73.5%

(%: by weight)

When considering the gradation reproduction for M color,
it 1s preferable 1n many cases that the lightness difference
between the medium and the M pale image 1s larger by not
smaller than 10 than the lightness difference between the M
pale and the M deep images and the M pale ink 1s slightly
higher 1n lightness, so that the dye concentration of the M pale
ink may be adjusted but even the above setting raises no
problem because it lies within the above conditions for a high
image quality of gradation reproduction.

In Example 2, on the premises that the maximum density of
recorded 1mages 1s determined at or above 1.4, that the
recording media are determined to be general copying paper
and exclusive paper for an 1nk-jet system and that the com-
positions of inks are set as determined 1n Table 1, the types of
ink happened to become two types for C and M 1nks and one
type forY ink, but if these premises are altered, the number of
necessary types are determined differently 1n various combi-
nations of ink types. Whatever the premises may be, the effect
of the present mvention, a high image quality of gradation
reproduction, 1s implemented by adjusting the compositions
of ink under the conditions that the recording lightness dii-
terence between the media and between the respective 1k 1s
35 or smaller (desirably 25 or smaller), and needless to say,
the present mvention 1s not limited to the preconditions of
Example 2 or to one example of optimal combinations under
the relevant conditions. However, the lightness has a maxi-
mum value of 100 according to the defimition and if the
apparatus for making a halftone recording 1s a printing system
on a recording medium, a maximum lightness of actually
existing recording media can be understood to be about 95.
Accordingly, by the provision of color materials (pale color
materials) capable of recording having a lightness of not
smaller than 60 as the maximum, a grainy feeling between a
recording medium and pale color material can be suppressed
in most cases.

And, in Example 2, combinations of inks are exemplified 1in
the combination comprising C, M, Y and K, but alternatively,

¢.g., to even the combination of R, G and B or to other
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combinations or further to a monocolor apparatus for making
a halftone recording of one hue type, the present invention 1s
applicable 1n view of a high image quality of gradation repro-
duction.

The above-mentioned term “color material (ink) having the
same hue, but different lightness” means a color material
having high-lightness which 1s mainly employed for record-
ing lower gradation part (highlight part), and a color material
having low-lightness which 1s mainly employed for recording,
high gradation part (dark part), both the color materials being
able to provide a gradation recording provided with same hue.
Thus, the 1nk different 1n lightness, employed at the gradation
recording having the same hue, 1s not always limited to two
types. When three or more color materials different in light-
ness for the gradation recording having the same hue are
provided, a configuration and an operating effect are similar
to those of Example 1 and therefore the description 1s omitted.

EXAMPLE 3

Next, still another embodiment will be described. In the
embodiment described heremaiter, “color matenals (1nks)
having the same hue and different lightness™ are inks of
different dye concentrations and charged in different 1nk car-
tridges to execute the recording (print). Hereinafter, features
of this embodiment will be described before the description
of this embodiment.

(1) With the modification of a dye concentration in ik by
the cartridge replacement, at least either one of the printing
amount or the maximum printing amount 1s modified by the
identification or setting input with ID 1n conformity to the
combination of dye concentrations. In such away, ameans for
moditying the amount value of color material discharged onto
a recording medium or the maximum value thereof 1s pro-
vided.

(2) When a color material of relatively low dye concentra-
tion 1s used as a further improved aspect, color separation 1s
carried out into primary color components or secondary color
components for each pixel and the maximum printing amount
ol color material 1s determined for each of these n-order
colors rather than according to a simply increasing method of
the maximum printing amount corresponding to the ratios of
the respective dye concentrations. This determination 1s fea-
tured not by a simple increase in the maximum printing
amount but in that the printing amounts are independently
increased while restricted 1n such a manner as to finally reach
to the respective maximum obtainable amount for individual
n-order colors. According to this manner, even by using color
materials of relatively low concentrations, the optical reflec-
tion densities can be obtained which are almost equal to those
obtained when using color materials of relatively high con-
centrations, and moreover it 1s enabled to suppress an
increase 1n the printed amount of ink and to save the running
COst.

(3) For output from a color processing module represented
by a printer driver or the like, the recorded data for individual
colors can be switched between binary data and multivalued
data according to the dye concentrations of color matenals
employed for recording. Furthermore, for modes more
needed for gradation, a function capable of output in the form
of multivalued data or in high-resolution data 1s provided.

Hereinafter, a suitable embodiment of the present mven-
tion will be described referring to the drawings.

FI1G. 3 1s an illustration of the functional configuration of a
recording system comprising a host computer 100 and an
apparatus for making a halftone recording (ink-jet printer)

200.
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Reterring to FIG. 3, generally 1n a host computer 100, the
exchange of various data and the control are carried out
between an OS (Operation System) 101 and an application
software 102 operating on the OS 101, while record data are
exchanged from the OS 101 and the application software 102
to a printer driver 103 and vice versa, and transmitted to an
apparatus for making a halftone recording 200 through the
printer driver 103.

Hereinatter, when executing the printout of a color 1mage
by using the application software 102 for dealing with a
pictorial image in the apparatus for making a halftone record-
ing 200, the tlow of data will be described.

In the case of a pictorial image, 1image data prepared/edited
on the application software 102 are sent to a printer driver 103
as multivalued RGB signals. Multivalued data received from
the application software 102 are subjected to color processing
by this printer driver 103 and further to halftone processing,
usually converted to binary C (cyan), M (magenta), Y (yel-
low)and K (black) signals and delivered to the interface for an
apparatus for making a halitone recording 200 1n the host
computer 100 or to the interface of a storage for files or the
like.

In this embodiment, a signal 1s outputted to the interface for
the apparatus for making a halftone recording 200 and data
are sent to a controller software 201 1n the apparatus for
making a halftone recording 200 to check the matching
thereof with the record mode or the ink cartridge 203. There-
aiter, the case of delivering data to the engine software 202 1s
shown. The engine software 202 receives these delivered data
as the record mode and data structure specified by the con-
troller software 201 and converts the record data 1into a pulse
for discharge to deliver 1t to the ink-cartridge (recording head)
203 to execute the recording. In response to this, color mate-
rials are so arranged as to be discharged from the 1nk cartridge
203. By contraries, the ID information of the ink cartridge
203, the ink tank ID information and so on are sent to the
engine soitware 202 and the assignment of memories or vari-
ous optimizations 1s fulfilled on the basis of the information of
the head cartridge 203. Furthermore, the relevant information
1s sent to the controller section and used as mnformation for
decoding the data sent from the printer driver 103 by referring
to print instruction or the like.

FIG. 4 15 an 1llustration of the mechanical constitution of an
appropriate ink-jet printer 200 of cartridge replaceable type
according to Example 3 and shows a state that the interior of
the apparatus constitution 1s made visible with the front cover
of the ink-jet apparatus being removed.

In FIG. 4, a replaceable type ink cartridge 1 (equivalent to
203 in FIG. 3) comprises an 1nk tank section for storing ink
and a recording head.

A carriage unit 2 as the loading section, mounting the 1nk
cartridge 1, travels side to side to execute the recording. A
holder 3 for fixing the ink cartridge 1 operates 1n interlocking
with a cartridge fixing lever 4. In other words, after mounted
in the carriage unit 2, the ink cartridge 1 1s so arranged as to be
pressed onto the carriage unit 2 by operating the cartridge
fixing lever 4. With this arrangement, an attempt 1s made to
obtain the positioning of the ink cartridge 1 and the electric
contact between the ink cartridge 1 and the carriage unit 2. A
flexible cable 5 1s provided for the transmission of electric
signals to the carriage unit 2. A carriage motor 6 causes the
carriage unit 2 to travel back and forth 1n the main scanning
direction by its rotation. A carrier belt 7 1s driven by the
carriage motor 6 1n such a manner as to move the carriage unit
2 side to side. A guide shaft 8 1s provided for the slidable
support of the carriage unit 2. A home page sensor 9 1s
provided with a photocoupler for positioning the home posi-
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tion of the carriage unit 2. A shading plate 10 for detecting the
home position, when the carriage unit 2 reaches the home
position, screens the photocoupler provided on the carriage
unit 2 and thus 1t 1s detected that the carriage unit 2 reaches the
home position. A home position unit 12 includes the restora-
tion mechanism for the recording head of the 1nk cartridge 1.
A paper expel roller 13 for expelling a recording medium
serves to sandwich a recording medium together with a spur
unit (not shown) and expel 1t outside the apparatus for making,
a halftone recording. An LF unit 14 1s a unit for conveying a
recording medium by a determined amount 1n the subscan-
ning direction.

FIGS. SA and 3B are a detailed drawing of an ink cartridge
1 employed 1in Example 3.

In FIG. 5A, numerals 15 and 16 denote a replaceable 1nk
tank for black (Bk) ink and replaceable 1nk tank for C, M and
Y 1nks, respectively, and coupling ports 17 and 18 (color
material feed ports) of the ink tank 16 and a coupling port
(color material feed port) of the 1nk tank 15, respectively, 1n
which the coupling port 17 1s linked with the 1nk cartridge 1
tor the feed of color materials. The coupling ports 17 and 18,
linked with a feed pipe 20, are so arranged as to feed color
materials to the recording head section 21. A contact section
19 for electric signals 1s connected to a flexible cable 5 and 1s
so arranged as to transmit various signals to the ink cartridge
1. FIG. 5B 1s an enlarged drawing of the recording head 21.

FIGS. 6A and 6B are detailed drawings of the contact
section 19 of the ink cartridge 1.

On this contact section 19, a plurality of electrode pads are
provided and a signal related to the ink discharge, an ID si1gnal
for identitying the ink cartridge 1 or the like 1s exchanged
through these electrode pads of the contact section 19 with the
main body of the ink-jet apparatus. FIG. 6B 1s an enlarged
drawing of the contact section 19.

FIGS. 7A and 7B are 1illustrations of another method for
detecting the classification of ink tanks 1n the ink cartridge 1
employed 1mn Example 3.

The ik tanks 15 and 16 are mounted to the ink cartridge 1
and fixed thereon by the engagement of a hook 70 with
protrusions 73 of the tanks. In the acting direction of a force

of this hook 70, a contact section 71 for detecting the classi-
fication of a mounted tank 1s provided. This contact section 71
for the detection of a tank 1s provided on both sides of the ink
cartridge 1 and the ink tanks 15 and 16. FIG. 7B 1s an enlarged
drawing of the contact section 71 and shows that three elec-
trode pads comprising an electrode pad 1, an electrode pad 2
and an electrode pad 3 are provided. Although not shown 1n
FIG. 7B, the same number of the electrode pads are provided
on the side of the ink cartridge 1 and electrically connected to
the former one 1n the contact section 71. Here, 1n the contact
section on the side of the ink tanks 15 and 16, the electrode
pad 1 and the electrode pad 2 are in the conductive state, but
the electrode pad 3 1s to be insulated. For example, let such a
state be an 1nk tank 1n which normal 1nk 1s injected. By the
current conduction to these electrode pads via the contact
section on the side of the cartridge 1 in contact therewith, an
ink-jet apparatus according to this embodiment can detect
what type of 1nk 1s stored in the mounted ink tank.

That 1s, in the example of FIGS. 7A and 7B, current flows
between the electrode pad 1 and the electrode pad 2, but does
not tlow between the electrode pad 1 and the electrode pad 3
or between electrode pad 2 and the electrode pad 3. This state
1s stored beforehand by the main body of the ink-jet apparatus
in ROM or the like as a case where a normal ink tank 1s
attached. In contrast, with an ink tank in which a pale ink 1s
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injected, 1t becomes identifiable that this differs from a nor-
mal 1nk tank, e.g., by making the electrode pad 3 into a
conductive state.

And, 1n the aspect of this embodiment, the number of
clectrode pads for the 1dentification of ink tanks 1s set to three,
but an increase 1n the number of electrode pads enables a
greater number of 1nk tank types to be identified.

Furthermore, by examining the conducting state via the
contact section 19 shown 1n FIG. 6A, 1t 1s possible to detect
whether the ink cartridge 1 was replaced or not.

FIG. 8 15 a flowchart showing one example of 1image pro-
cessing by the image processing module 1n a printer driver
103 according to this embodiment.

First, at the step S101, the luminosity signals of RGB, 1.¢e.,
the mnput signals of 24 bits 1n total comprising 8 bits for each
of RGB colors, are subjected to the luminosity density con-
version, and converted into the density signals of CMY sig-
nals, 1.e., the total of 24 bits comprising 8 bits for each of
CMY colors, or into those of the total of CMYK 32 bits
comprising 8 bits for each of CMYK colors. Next, at the step
S102, the masking processing 1s carried out to perform a
correcting treatment for unnecessary color components of
dyes 1n each of CMY color materials. Then, the procedure
advances to the step S103, UCR/BGR processing 1s carried
out to remove the ground color and extract the black compo-
nent. And at the step S104, the respective printing amounts of
primary colors and secondary colors are limited differently in
cach pixel. Here, the printing amount 1s limited to 300% for
primary colors and to 400% for secondary colors.

Next, at the step S1035, the output gamma modification
proceeds to modily the output characteristic 1n such a manner
as to become linear. Here, the multivalued output of 8 bits 1s
accomplished for each color. Then, the procedure advances to
the step 106, 8-bit signals are subjected to the halitone pro-
cessing to convert data for each of CM YK colors into 1 or 2 bat
signals. At that time, at the step S106, the halftone processing
1s accomplished by using the error distribution method, the
dither method or the like.

FIG. 10 1s a classified illustration of the switching control
to be executed in the control section of an apparatus for
making a halftone recording according to a head 1dentifica-
tion signal or an ink-tank identification signal (ID signal)
from the contact section 19 of the ink cartridge 1.

In this example, the 1dentification with ID 1s made by using,
four IDs and only three IDs (in the case of color images) are
shown out of them. The case of ID=0 (not shown) shows an
exclusive cartridge for monochrome, whereas the cases of
ID=1, 2 and 3 show color cartridges. FIG. 10 shows an
example of classification in the case of color cartridges. Here,
with an increase 1n 1D No., at least one coloring matter con-
centration 1s set to decrease.

In Example 3, the cartridge of ID=1 1s selected to an ink
cartridge of dye concentration (high concentration) used by a
conventional color printer. ID=2 indicates the case of an 1nk
cartridge or ink tank of low coloring matter concentration for
other color matenials than yvellow one. ID=3 indicates that of
an ink cartridge or ink tank for storing ink of still lower
coloring matter concentration, employed for the recording of
an orthodox pictorial image 1n Example 3.

According to individual ID values defined like this, first,
the difference 1n coloring matter concentration 1s 1dentified.
The difference 1n coloring matter concentration referred to as
here means the difference 1n maximum optical reflection
density for each primary color and may be accompanied with
the modification 1n coloring matter itself. In this meaning,
these ID values can be referred to as the differences 1n the
maximum optical reflection density of individual primary
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color materials or the differences 1n the maximum value of
saturation. Incidentally, with Example 3, for the simplifica-
tion ol explanations, they are defined as differences 1n con-
centrations of coloring matters.

With ID=1 and ID=2, the coloring matter concentration for
yellow 1s the same (2.5% by weight), that of ID=2 1s one third
the one of ID=1 for magenta, equally one third for cyan and
about a half for K (Bk). With ID=1 and ID=3, the coloring
matter concentration for yellow 1s the same (2.5% by weight),
that of ID=3 1s about a quarter of the one of ID=1 for magenta,
equally about a quarter for cyan and about a quarter for K
(Bk).

As shown 1n FIG. 9, such a relation holds 1n this embodi-
ment that the optical reflection density 1s reduced to about
76% at a half of the coloring matter concentration, to about
60% at one third, to about 53% at a quarter and to about 90%
at three fourth. This relation 1s substantially same 1ndepen-
dently of color sorts.

In FI1G. 10, the portion indicated as “data” shows the depth
in the structure of data sent from the printer driver 103 to the
apparatus for making a halftone recording 200 for each ID.
This represents the changes caused by modifying the maxi-
mum printing amount while raising the gradation degree with
a modified coloring matter concentration in color material. At
that time, a change accompanying the modification of the
discharge amounts of color materials by means of the ink
cartridge may be added. Also 1n this case, the results basically
depend on what amount of each color material, more specifi-
cally a coloring matter, has been printed per area and thus 1s
included 1n the category of the present mmvention. In this
embodiment, the case of a constant ink discharge amount will
be described. In this embodiment, the resolving power 1s set
to 360x360 dp1 independently of the value of 1D, while ID=1,
ID=2 and ID=3 are let corresponding to binary data, tetraval-
ued data and pentavalued data, respectively.

As an alternative embodiment for rasing the grading num-
ber, an almost similar effect can be obtained by increasing the
resolving power while the number of data gradation fixed at
binary value for each.

Next, “corresponding media” in F1G. 10 represents record-
ing media well-adapted to the 1nk cartridge 1 for each ID.

This selection standard for well-adapted media 1s consid-
ered from various angles, but 1s distinguished by the differ-
ence 1n maximum color material absorption amount here. In
this embodiment, media for pictonals (pictorial paper) exhib-
its the greatest color material absorption amount of about
500% and coat paper exhibits the next greatest amount of
about 400%. And plain paper exhibits the smallest amount of
about 200%.

Furthermore, “maximum printing amount” in FIG. 10 dif-
ters mndividually with CMYK and RGB. These numerals
show the maximum printing amounts for each pixel restricted
within the printer driver 103. As invariant representations,
modification 1s applied to the area density of a color material
corresponding to each concentration in such a manner that the
amount of coloring matter becomes almost equal 1n a portion
showing the same concentration. This embodiment (cases of
ID=2 and 3) 1s characterized 1n that the maximum printing
amount for secondary colors (RGB) 1s not double that for
primary colors (CMYK) in contrast to a conventional case
(ID=1).

As evident from FIG. 10, the relation to modification
between the “concentration of coloring matter” and the
“maximum printing amount” 1s as follows.

When the coloring matter concentrations of color materials
of substantially same hue (almost identical color) are com-
pared between different IDs in chromatic colors of cyan,
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magenta and yellow (hereinafter, designated with C, M and
Y), the ratios of at least one color material higher 1n coloring
matter concentration to color materials lower in coloring
matter concentration are evaluated and the maximum printing
amount 1s modified above the sum of the maximum value and
the mimimum value of the ratios.

For example, 1n comparing the cartridge of ID=1 and that
of ID=2, color materials of substantially same hue, having the
greatest coloring matter concentration are C and M. This ratio
1s “3” for M and *3” also for C (the maximum). And the
minimum 1s “1” for Y. Accordingly, the maximum and the
minimum sums to 4. Thus, 1n this case, the maximum printing
amount becomes above four (=3+1) times, 1.e., above 400%.
To be specific, 1n the case of =2, the maximum printing
amount 1s set to, 3-times, 1.e., “300%” for primary colors
(CMY) and 4-times, 1.e., “400% four secondary colors
(RGB) as that of ID-1.

By determining the maximum printing amount like this, for
primary colors of C and M, images having substantially same
optical retlection density as with the use of an 1nk cartridge
storing a high coloring matter concentration of ink like ID=1
can be obtained.

And forY, since the case of ID=2 1s similar to that of ID-=1,
the maximum printing amount i1s allowed to remain at
“100%”. That 1s, 11 explained 1n the case of FIG. 9, recording
by the 3-time discharge of ink having a 4 dye concentration
results 1n about three times of discharged dye amount, and
finally, about 3-time optical reflection density 1s considered to
be obtained because the moisture in diluted solution and such
others 1s absorbed by the recording medium or evaporated. As
evident also from FIG. 9, the reflection density reached “0.9”
or more and 1s almost saturated for a dye concentration of not
lower than 24, so that the difference 1n reflection density due
to diflerent dye concentration becomes hardly noticeable.

Next, the case of secondary colors, e.g., red, green and blue
(hereimafiter, abbreviated as R, G and B) will be considered.
The maximum printing amount exhibited with these second-
ary colors corresponds to the ink absorbability of the respec-
tive recording media. That 1s, 1f explained 1n examples of FIG.
10, plain paper 1s the lowest (200%) 1n 1nk absorbability, coat
paper 1s the next lowest (400%) and pictorial paper 1s the
highest (500%).

First, with respect to R color, R 1s represented as (M+Y ) by
using coloring matters of ink. Here, as mentioned above, Y 1s
high 1n coloring matter concentration (high 1n lightness) and
accordingly the maximum printing amount 1s 100%. And the
maximum printing amount for M 1s set to 300%. Thus, R, 1.¢.,
(M+Y), 1s expressed 1n 400% and the optical retlection den-
sity almost equal a value of R in the case of ID=1 can be
obtained. Similarly with respect to G, because G 1s repre-
sented as (C+Y) and the maximum printing amount for C 1s
set to 300%, the maximum printing amount for C becomes
400% and the optical reflection density almost equal a value
of GG 1n the case of ID=1 can be obtained. Furthermore, in the
case of B, the maximum printing amount becomes 600%
(=300%+300%) because of being represented as (C+M), but
the optical reflection density 1s not raised for such an increase
in ink printing amount. Thus, 1 practical use, 1t 1s more
adequate to set this amount to 400% from a consideration that
(C+M=200%+200%). The optical reflection density of pixels
recorded with this setting amounts to about 90% of the case of
using an ID-1 1nk cartridge.

Also, the case of using an ID=3 1nk cartridge 1s calculated
similarly. That 1s, from a consideration of the relation
between the case of ID=1 and that of ID=3, the maximum
printing amount becomes 400% or more for primary colors

(C, M) and 500% for secondary colors (RGB). In this case, the




US RE45,265 E

21

optical reflection density almost equal to that of the case of
ID=1 1s obtained except for B of secondary color, but for B,
the maximum printing amount may be set to 600% because
the optical reflection density slightly lowers as compared with
the case of ID=1. “Corresponding media” are defined by
changing the amount of maximum printing shown 1n F1G. 10.
If more pictorial image 1s required, you may use the optical
“corresponding media” for the pictorial image by lowering
the coloring matter concentration and moditying the maxi-
mum printing amount according to the concentration.

In any case, such modification of the maximum printing,
amount will enable the greatest possible effect to be obtained.

Actually, even 1f the amount of maximum printing onto
recording media 1s not ideally modified, the design of images
may be made at a somewhat lower level than an 1deal output
data curve by clipping the data of upper grading (higher
concentration) of those outputted for the mnput as shown 1n
FIG. 9, or by using a high-order curve for the setting of output
data.

Even when a rise 1n maximum printing amount 1S sup-
pressed by clipping, an equivalent effect can be obtained to a
certain level of grading.

In this case, 1t 1s possible to keep the coloring matter
concentration per area at an almost equal level before the
clipping.

FIGS. 11A and 11B are illustrations of disposition of
recorded dots.

FIG. 11A shows the disposition of dots on a recording
medium when binary data are recorded 1n 360 dpix360 dpia,
whereas FIG. 11B shows the disposition of dots on a record-
ing medium when tetravalued data or pentavalued are
recorded 1n 360 dp1x360 dpi.

FIG. 11A corresponds to the case of a printing ratio at
which one dot1s assigned to each pixel and this state 1s defined
as 100%. Accordingly, the case of FIG. 11B becomes 200%.
Incidentally, 11 the discharge amounts of 1nk are modified 1n
any case of binary, tetravalued or pentavalued data, values of
the respective modified ratios multiplied by 100% may be
employed in operation even 1f there are all different dots that
correspond to individual pixels.

FIGS. 12A to 12C are illustrations of a relation between the
disposition of dots actually recorded on a recording medium
and the data format in an ink-jet apparatus 200 according to
Example 3.

FIG. 12A shows binary data of 360 dp1, FIG. 12B shows
tetravalued data o1 360 dpi1 similarly and FI1G. 12C shows one
example of pentavalued data of 360 dp1. Here, binary data of
FIG. 12 A are recorded by using the dot disposition shown 1n
FIG. 11A. In this case, since data of individual pixels and dots
recorded are 1n one-to-one correspondence with each other,
there 1s no recorded dot for data o1 ““0”” and one dot1s recorded
at each pixel position of 360 dpix360 dpi for data of “1”. In
this embodiment, such a recording method 1s executed when
an ID=1 1nk cartridge 1 1s mounted and used for recording.

FIG. 12B shows the recording in tetravalued data, executed
when an ID=2 ink cartridge 1 1s mounted. In this case, tet-
ravalued data are given in two-bit signals and recorded as
subdots recorded at addresses (700 of FIG. 11B) correspond-
ing to 360 dpix360 dpi pixels and recorded at addresses (701
of FIG. 11B) corresponding to 720 dpi1x360 dp1 pixels. That
1s, there 1s no dot for data of “00”, one dot 1s disposed at each
address corresponding to 360 dpix360 dpi for data of “01”.
For data of 107, data are decoded 1n an ink-jet apparatus and

one dot 1s disposed for each address (700) of 360 dp1x360 dp1
and for each address (701) of 720 dpix360 dpi, respectively.
This state becomes a 200% 1nk printing state to 360 dp1x360
dp1 (FIG. 11A). Furthermore, for data of 117, two dots are
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recorded 1n overlap at each address (700) of 360 dp1x360 dp1
and one dot 1s disposed at each address (701) of 720 dp1x360
dpi. In this way, a 300% 1nk printing is attained to FIG. 11A.

In the case of FIG. 12C, an example of pentavalued output
in four-bit data 1s shown, but another method 1s possible. This
recording of FIG. 12C differs from the record in FIG. 12B in
that for the “1000” recording of pentavalued data, two dots
are printed 1n overlap both at each address (700) correspond-
ing to 360 dpix360 dp1 and at each address (701) correspond-
ing to 720 dpix360 dpi. Thereby, in the case of pentavalued
data, the maximum 400% ink printing becomes possible 1n
primary colors. Needless to say, dots may be disposed by the
decode of FIG. 12B. In FIGS. 12A to 12C, the marks “®”,
“(0” and “x” mean 2-dot overlap printing per pixel, 1-dot per
pixel and no dot, respectively.

Incidentally, since the overlap printing of two dots at one
pixel position 1s required for the above recording of elevated
gradation, the recording by the well-known multi-path
becomes essential. As another execution method, one path
recording in the same number of paths with the arrangement
density of recording elements increased for each cartridge, or
multi-path recording may be employed.

For example, for an elevated gradation in use of a cartridge
at the 360 dp1 pitch of recording element interval, the present
invention may be put into practice by using a cartridge at the
720 dp1 pitch.

FIG. 13 1s a block diagram showing the configuration of an
ink-jet apparatus 200 according to Example 3 and parts 1n
common with the above drawings identified by the same
numeral.

A control section 301 for controlling the operation of the
whole apparatus comprises a CPU 310 such as microproces-
sor, a ROM 311 for storing a control program or various data
to be executed by the CPU 310 and aRAM 312 used as awork
area during the execution of various processing by the CPU
310 which temporarily holds various data. In this RAM 312,
a receive buller for storing the record code received from a
host computer 100, printer buifers corresponding to indi-
vidual colors Y, M, C and K {for storing print data (image data)
in correspondence to recording heads 1Y, 1M, 1C and 1K for
recording 1n the respective colors of YMCK and such others
are provided.

A head drniver 302 constitutes printing amount control
means together with a control section 301 and drives a record-
ing head 1Y for yellow color, a recording head 1M {for
magenta color, a recording head 1C for cyan color and a
recording head 1K for black color 1n response to print data of
individual colors outputted from the control section 301.
Motor drivers 303 and 304 rotationally drive their corre-
sponding carriage motor 6 or paper feed motor 303, respec-
tively. An interface, (I'F) section 306 controls the interface
between an 1nk-jet apparatus 200 and a host computer 100
according to this embodiment. An operating section 307 1s
equipped with various keys operated by a user or indicators
such as liquid crystal display.

FIG. 14 1s a flowchart showing the preparing processing of
record codes to be executed by a host computer 100 according
to the present invention.

First, at the step S1, a recording medium used in the appa-
ratus for making a halftone recording 200 is specified and at
the step S2, the 1D of the ink cartridge 1 (shown in FIG. 4)
loaded on the apparatus for making a halitone recording 200
1s discriminated on the basis of a signal from the apparatus for
making a haliftone recording 200. Such discrimination of a
cartridge, specification of a medium or the like 1s indicated by
setting the mode of the apparatus for making a halftone
recording 200 or the like, for example, on the screen dis-
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played by the OS 101 of the host computer 100 (shown 1n
FIG. 3). Next, at the step S3, according to the ID of the ink
cartridge 1 loaded on the apparatus for making a halftone
recording 200, image data are coded as, e.g., for an ID=1
cartridge, the procedure advances to the step S4 and 1mage
data of individual color components are converted 1n binary
data as 1s well known already.

On the other hand, when an ID=2 cartridge 1 1s loaded at
the step S3, the procedure advances to the step S3,Y data are
converted into binary data and the record data corresponding
to other colors are converted into tetravalued data. Alterna-
tively, when an ID=3 cartridge 1 1s loaded at the step S3, the
procedure advances to the step S6, Y data are converted 1nto
binary data and the record data corresponding to other colors
are converted into pentavalued data. Based on record data
converted at any of the steps S4, S5 and S6 1n this way, record
code 1s prepared at the step S7 and transmitted to the appara-
tus for making a halftone recording 200 via the interface 306
(shown 1n FIG. 13).

FI1G. 15 1s a flowchart showing the recording processing in
an 1nk-jet apparatus 200 according to this embodiment. The
control program for executing this processing 1s stored 1n the
ROM 311 (shown 1n FIG. 13).

First, atthe step S11, the record code recerved from the host
computer 100 and stored 1n the receive butler 1s read out and
at the step S12, the record code read out 1s analyzed. Then, the
procedure advances to the step S13 and according to the
analyzed result, the record code 1s converted nto print data
corresponding to individual colors. In this way, the procedure
advances to the step S14 and on the basis of the recerved data,
it 1s decided whether the recording 1s allowable on the nk
cartridge 1 (shown 1n FIG. 4) loaded currently or not. If not,
error indication or the like 1s made to the operating section

307 (shown i FIG. 13) at the step S15 and the procedure
ends.

If the record using the loaded cartridge 1 1s allowable, the
procedure advances to the step S16, 1t 1s assured whether the
cartridge 1D 1s “1” or not. If so, the procedure advances to the
step S17, all color data are converted into binary print data and
expanded to the print buffer, and at the step S18, recording by
ordinary one path 1s carried out.

On the other hand, i1 the cartridge ID 1s not “1”, the pro-
cedure advances to the step S19,Y data alone are converted
into binary data and other color data are converted 1nto tet-
ravalued or pentavalued data. Incidentally, this processing
may be uniquely determined with a recording code or may
singly proceed on the basis of the ID of the loaded cartridge
on the apparatus for making a halftone recording side. In this
way, the procedure advances to the step S20 and print data
with individual colors expanded 1nto patterns according to the
loaded cartridge are stored in the print butler corresponding
to individual colors. And, the procedure advances to the step
S21 and referring to FIGS. 11 A to 11C and 12C, the relevant
multivalued data are printed by the multi-path.

FIGS. 16 A and 16B are flowcharts showing the recording,
processing by such multi-path (step S21).

First, at the step S31, the drive of a carriage motor 6 (shown
in FIG. 4) starts, then at the step S32, the print data of indi-
vidual colors to be recorded 1n the next 1s read out from the
print builer corresponding to each color to check that the print
timing of recording at the resolving power of 360 dp1 (at
location 700 1n FIG. 11B) turns on. If the print timing turns
on, the procedure advances to the step S33 and the print data
corresponding to individual colors are outputted to the
respective heads 1Y, 1M, 1C and 1K wvia the head driver 302
to record dots at the positions designated with 701 1n FIG.
11B (when data are neither “0” nor “007"). Next, the procedure
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advances to the step S34 to check that there 1s data not smaller
than “10” 1n other color multivalued data than yellow. If not,
only the print of a single bit 1s necessary as shown 1n FIG. 12
and accordingly the procedure advances to the step S37 with-
out any operation.

If there are data equal to or greater than “10”, the procedure
advances to the step S35 to check that the print timing of
recording of 720 dpi dots turns on. If so, the procedure
advances to the step S36 and the print data are outputted to the
head 1M, 1C or 1B of corresponding color to execute the
recording. In this way, the procedure advances to the step S37
to check that the recording processing for one scan portion 1s
completed. If not, the procedure returns to the step S32 to
execute the above-mentioned processing.

After the recording processing for one scan portion 1s coms-
pleted at the step S37, the procedure advances to the step S38
to execute a carriage turn for returning the head to the home
position. And the procedure advances to the step S39 to rota-
tionally drive the carriage motor 6 again in the forward direc-
tion and at the step S40, 1t 1s checked that the carriage unit 2
reaches the recording position of 360 dpi similarly to the step
S32. It so, the procedure advances to the step S41 to check
that there are data not smaller than “11” 1n print data. If so, dot
data are printed to the relevant position at the step S42.

Then, the procedure advances to the step S43 to check that
print data include data of “1000” (maximum of tetravalued
data). If so, the procedure advances to the step S44 to check
that the recording timing of 720 dp1 turns on. In this way,
when the recording timing o1 720 dpi turns on, the procedure
advances to the step S45 to record one dot at the relevant
position.

In this way, when one scan of recording 1s completed at the
step S46, the procedure advances to the step S47 to execute a
carriage turn for returning the carriage unit 2 to the home
position and a paper feed motor 305 1s driven to convey the
recording paper by the recording element of a head for each
color. Thereby, the record width of 1images by means of the
recording head for each color has come to be recorded.

In this way, the procedure advances to the step S48 to check
that one page of recording 1s completed. If not, the procedure
returns to the step S1 and the print data of portion to be
recorded by the next recording scan are prepared and stored
separately in print buifers for individual colors. In this way,
when one page portion of image recording ends, the proce-
dure proceeds to the step S49 to expel the recorded record
paper and the processing ends.

Incidentally, 1n this embodiment, the processing in a host
computer and the processing in a storage are separately
described, but the present invention 1s not limited to this
separation and such a function may be executed in an appa-
ratus or one umnit.

With these embodiments, especially 1n the 1mnk-jet record-
ing scheme, the provision of means (such as, e.g., electrother-
mal converter and laser beam) for generating thermal energy
as energy used for the discharge of ink and the use of a scheme
for causing a change 1n the state of ink by the above thermal
energy enables a higher density and a higher fineness of
recording to be attained.

As for the representative arrangement and principle, a con-
version scheme using a fundamental principle disclosed, e.g,
in U.S. Pat. Nos. 4,723,129 and 4,740,796 1s preferable. This
scheme 1s applicable both to the on-demand type and to the
continuous type. Especially, in the case of on-demand type,
this scheme 1s effective because thermal energy 1n the elec-
trothermal conversion body 1s generated and film boiling 1s
caused on the heat acting surface of an apparatus for making
a halftone recording on application of at least one drive signal,
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corresponding to recording information and giving an abrupt
temperature rise above the film boiling, to an electrothermal
conversion body disposed corresponding to a sheet or liquid
path for holding a liquid (1nk), and consequently a bubble 1n
the liquid (ink) can be formed which 1s 1n one-to-one corre-
spondence to this drive signal. By the growth/contraction of
this bubble, a liquid (ink) 1s discharged via the opening for
discharge to form at least one droplet. If this drive signal 1s
made 1to a pulse shape, the growth and contraction of a
bubble 1s performed immediately and appropriately, so that
an excellent discharge of liquid (1nk) especially 1n response
can be attained and therefore this pulse-shaped signal 1s more

preferable.
Such 1s an approprniate pulse-shaped drive signal as

described 1n U.S. Pat. No. 4,463,359 and U.S. Pat. No. 4,345,
262. Meanwhile, 1f the conditions described 1n U.S. Pat. No.
4,313,124, an invention related to the temperature rise rate on
the heat acting surface mentioned above, 1s adopted, a further
excellent recording can be carried out.

As the arrangement of a recording head, 1n addition to a
combined arrangement of a discharge port, a liquid passage
and an electrothermal conversion body (linear liquid passage
or rectangular liquid passage), an arrangement of a heat act-
ing surface arranged in a crooked region, disclosed 1n U.S.
Pat. No. 4,558,333 and U.S. Pat. No. 4,459,600 1s usable.
Besides, arrangements based on Japanese Patent Application
Laid-Open No. 59-123670 disclosing an arrangement
wherein a slot common to a plurality of electrothermal con-
version bodies serves for the discharge port of an electrother-
mal conversion body and Japanese Patent Application Laid-
Open No. 59-138461 disclosing an arrangement bringing an
opening for absorbing a pressure wave of thermal energy 1n
correspondence with the discharge section are usable.

In addition, a replaceable chip type recording head in
which loading on the main apparatus body enables electric
connection to the main apparatus body and feed of ink from
the main apparatus body, or a cartridge type recording head in
which an ink tank 1s provided in one piece on the main
apparatus body itsell.

And because of further stabilizing the recording operation,
the addition of restoration means for a recording head, pre-
liminary auxiliary means or the like to the above arrangement
of an apparatus for making a halftone recording 1s preferable.
To be specific, it includes the provision of capping means for
a recording head, cleaning means, pressurization or suction
means, preheating means comprising an electrothermal con-
version body or a separate heating element or a combination
of these, a preparatory discharge mode to effect other dis-
charge than recording.

Furthermore, the recording mode of an apparatus for mak-
ing a halftone recording 1s not only a recording mode by using
leading colors such as black, but 1t may include one with a
one-piece construction of recording heads or a plurality of
combined recording heads and one of using an apparatus for
making a halftone recording provided with a multicolor com-
prising different hues or at least one of full color by color
mixing.

In the embodiment described above, description 1s based
on the precondition that ink 1s a liquid, but even 1nk that
solidifies at or below room temperatures or solid ink that
soltens or liquefies at room temperatures may also be used.
Or, since generally 1in the ink-jet scheme, the temperature of
ink 1tsell 1s so controlled in the range of 30° C. to 70° C. that
the viscosity of ink lies within the stable discharge limits, any
ink that becomes liquid during the application of ause record-
ing signal will do.
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Besides, 1n order to positively prevent an increase in tem-
perature due to generated thermal energy by using the thermal
energy as energy for state change from the solid state to the
liquid state of ink or to prevent the evaporation of ink, ink that
1s solidified while standing and liquefies by heating may be
used. Anyway, the present invention is also applicable to the
case of using such ink as liqueties first atter the application of
thermal energy, as seen 1n that ink liquefies by application of
thermal energy 1n response to a recording signal and liquid
ink 1s discharged, or in that ink begins to solidify at the time
of arrival at a recording medium. In such cases, ink may be 1n
the form of being opposed to an electrothermal conversion
body while retained as a liquid or solid 1n cavities or through
holes of a porous sheet described in Japanese Patent Appli-
cation Laid-Open No. 54-56847 and Japanese Patent Appli-
cation Laid-Open No. 60-71260. In the present invention,
those executing the film boiling scheme mentioned above are
the most effective to all of the above-mentioned 1nk types.

Still turther, as aspects of an apparatus for making a hali-
tone recording according to the present mnvention, not only
those provided 1n one piece or separately as an 1image output
terminal of information processing equipment such as com-
puters, but those having a shape of copier combined with a
reader or the like are also allowable.

Incidentally, the present invention 1s applicable to a system
comprising a plurality of instruments or devices, or to an
apparatus comprising one instrument or device. Needless to
say, the present invention 1s applicable to a case where record-
ing 1s attained by the supply of a program to a system or an
apparatus. In this case, a storage medium for storing a pro-
gram according to the present invention constitutes the
present invention. And, by reading out the program from the
storage medium to a system or an apparatus, the system or
apparatus operates 1n a predetermined manner.

Incidentally, with the above embodiments, multivalued
image data are divided 1nto data corresponding to individual
colors and binary value or multivalue processing 1s made
according to the respective colors 1n a host computer, but the
present invention 1s not limited to this and such a function
may be incorporated into the main apparatus body. Alterna-
tively, this embodiment may be so arranged as to transmit data
expanded into print data from a host computer to an apparatus
for making a halftone recording, rather than to output a record
code from a host computer to an apparatus for making a
halftone recording.

As described above, according to this embodiment, by the
exchange of an ink cartridge or an 1nk tank, an apparatus for
making a halftone recording can perform recording in
exchange between ink of different coloring matter concentra-
tions. Alternatively, by modifying the printing amount or the
maximum printing amount of ik during the recording
according to the combination of ink coloring matter concen-
trations in cartridges with a change in ink concentration due to
the exchange of a cartridge, the maximum amounts of color
maternals to be discharged on a recording medium 1s deter-
mined. Thus, a recording according to the sorts of recording
media used for recording becomes implementable.

And, with this embodiment, for recording by using a color
material of low coloring matter concentration, each pixel 1s
chromatically decomposed into primary/secondary color
components and the maximum printing amount of a color
material 1s determined for each n-order color according to the
class of a recording medium to be used, not by increasing the
maximum printing amount of ink having a low coloring mat-
ter concentration simply 1n dependence on the ratios of color
concentrations.
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On making the most of this function, a recorded image
having substantially same optical reflection density as with
those recorded by using color materials of high coloring
matter concentration both in primary and 1n secondary colors
can be obtained even by using color materials of low coloring
matter concentration.

This embodiment is basically characterized in that even in
using color materials of different coloring matter concentra-
tions, the amount of coloring matter per area on a recording,
medium can be changed by the exchange of a cartridge or an

ink tank.

Basically, by making the coloring matter density almost
identical, 1t becomes possible to make the maximum concen-
tration almost equal while reducing the grainy feeling.

And, according to this embodiment, while reducing the
burden on a recording medium by suppressing the printing,
amount of 1k to the recording medium, to cut the running
cost becomes possible. Like these, since the printing amount
of 1nk can be changed according to the coloring matter con-
centration of ink to be used and further the printing amount of
ink can be finely controlled for each color, this embodiment is
especially effective for a general-use ink-jet apparatus
wherein a recording medium having a low limit for ink print-
ing amount 1s used for printing.

The conception of coloristic performance signifies the col-
oring intensity of ik 1tself or the degree of coloring intensity
in the depicted state on a recording medium.

It signifies the degree of coloring intensity in case of a
chromatic color and that of lightness 1n case of an achromatic
color. In such meaning, 1t may signily the dye concentration
of 1nk 1n the case of using one and the same dye or paint.

And, for comparison 1n the state of printing on a recording
medium, 1t may be the optical retlection density or the com-
parison of maximum saturation in substantially same hue.
The so-called high coloring 1s positioned to an excellent
coloristic performance. And 1nk 1s not limited to a liquid but
may be a solid.

In this embodiment, an apparatus wherein ink 1s discharged
onto a recording medium 1s disclosed as one aspect of appa-
ratus for making a halftone recording, but the present inven-
tion 1s not limited to this but 1s also applicable to other appa-
ratuses such as, e.g., thermosensible type or sublimation type
color recorders. To sum up, all printers for forming an 1mage
by using dots are included in the category of the present
invention.

As detailed above, according to the present invention, a
high quality halftone recording with a reduced grainy feeling
can be carried out by using the minimum sorts of ink for each
color without lowering the true resolving power.

As described above, according to the present mvention,
there 1s an effect that cartridges for storing color materials of
different concentrations can be used in exchange and a high
quality 1image can be recorded by the exchange of these car-
tridges.

According to the present invention, recording by varying
the concentrations of color materials to be used reduces a
grainy feeling greatly, thereby enabling a high quality image
to be recorded.

In addition, according to the present invention, there 1s an
cifect that an appropriate 1nk printing amount can be estab-
lished according to the concentrations of color materials used
for recording an 1mage and sort of recording medium.

Furthermore, according to the present invention, there 1s an
cifect that 1n recording by using a color material of low
concentration, controlling the used amount of the relevant
color material enables a flood on a recording medium to be
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prevented and an 1mage of substantially same optical reflec-
tion density to be obtained as with the use of a color material
of high concentration.

What 1s claimed 1s:

[1. An apparatus for making a halftone recording by
employing three or more types of color materials, comprising
three or more types ol color materials which have respective
concentrations, wherein each type of the color materials pro-
vides, when recording on a recording medium having a first
lightness, a recorded region having a second lightness, and
wherein a difference between the first lightness and the sec-
ond lightness 1s not more than 35, the lightness being mea-
sured according to the definition of CIE 1976 psychological
measurement lightness using a standard illuminant D65 as a
light source.]

[2. The apparatus according to claim 1, wherein each of
said color materials has at least two concentration grades
which provide recorded regions having respective light-
nesses, difference between the lightnesses being set within
35.}

[3. The apparatus for making a halftone recording accord-
ing to claim 1 or 2, wherein each of the three types of color
materials has at least one concentration grade and 1s capable
of recording at a recording lightness of not lower than 60.}

[4. The apparatus for making a halftone recording accord-
ing to claim 3, wherein all the three types of color matenals
record at a recording lightness of not lower than 60.]

[5. The apparatus for making a halftone recording accord-
ing to claim 1, wherein said recording lightness 1s a recorded
dot lightness on a recording medium.]

[6. The apparatus for making a halftone recording accord-
ing to claim 1, wherein said recording lightness 1s a recording
lightness at a recorded region of a 100% solid printing by said
apparatus on a recording medium.}

[7. The apparatus for making a halftone recording accord-
ing to claim 1, wheremn the lightness of said recording
medium ranges from 75 to 95.]

[8. The apparatus for making a halftone recording accord-
ing to claim 1, wherein recording of said color materials 1s
made by adherence of droplets of the color materials to said
recording medium.}

[9. The apparatus for making a halftone recording accord-
ing to claim 1, wherein the three types of color materials are
color recording inks other than a black ink.]

[10. A process for making a halftone recording, comprising
providing three or more color materials which have respective
concentrations, and adding the color materials on a recording
medium having a first lightness, wherein each type of the
color materials provides, when recording on the recording
medium, a recorded region having a second lightness, and
wherein a difference between the first lightness and the sec-
ond lightness 1s not more than 35, the lightness being mea-
sured according to the definition of CIE 1976 psychological
measurement lightness using a standard illuminant D65 as a
light source.]

[11. The process according to claim 10, wherein each of the
color maternials has at least two concentration grades which
provide recorded regions having respective lightnesses, a dif-
ference between the lightnesses being set within 35.]

[12. The process according to claim 10 or 11, wherein one
of the three types of color materials has at least one concen-
tration grade and 1s capable of recording at a recording light-
ness of not more than 60.]

[13. The process according to claim 12, wherein all the
three types of color materials are capable of recording at a
recording lightness of not more than 60.}
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[14. The process according to claim 10, wherein said
recording lightness 1s a recorded dot lightness on a recording
medium. ]

[15. The process according to claim 10, wherein said
recording lightness 1s a recording lightness at a recorded
region of a 100% solid printing by an apparatus for making a
halftone recording on a recording medium.}

[16. The process according to claim 10, wherein a lightness
of said recording medium ranges from 75 to 95.]

[17. The process according to claim 10, wherein recording
of said color matenals 1s made by adherence of droplets of the
color materials to said recording medium.]

[18. The process according to claim 10, wherein said three
types of color materials are color recording inks other than a
black ink.]

[19. An ink tank used in an apparatus for making a halftone
recording, the 1nk tank holding three or more types of color
materials which have respective concentrations, wherein
cach type of color materials provides, when recording on the
recording medium having a first lightness, a recorded region
having a second lightness, and wherein a difference between
the first lightness and the second lightness 1s not more than 35,
the lightness being measured according to the definition of
CIE 1976 psychological measurement lightness using a stan-
dard illuminant D65 as a light source.]

[20. The ink tank according to claim 19, wherein each of
the color materials has at least two concentration grades
which provide recorded regions having respective light-
nesses, a difference between the lightnesses being set within
35]

[21. The ink tank according to claim 19 or 20, wherein one
of the three types of color materials has at least one concen-
tration grade and 1s capable of recording at a recording light-
ness of not more than 60.]

[22. The ink tank according to claim 21, wherein all the
three types of color materials are capable of recording at a
recording lightness of not more than 60.}

[23. The ink tank according to claim 19, wherein said
recording lightness 1s a recorded dot lightness on a recording,
medium. ]

[24. The ink tank according to claim 19, wherein said
recording lightness 1s a recording lightness of the recorded
region of a 100% solid printing by an apparatus for making a
halftone recording on a recording medium.}

[25. The ink tank according to claim 19, wherein the light-
ness of said recording medium ranges from 75 to 95.]

[26. The ink tank according to claim 19, wherein recording
of said color matenals 1s made by adherence of droplets of the
color materials to said recording medium.}

[27. The ink tank according to claim 19, wherein said three
types of color materials are recording inks other than a black
ink.]

[28. The ink tank according to claim 19, wherein an 1D
information indicating the types of color materials kept
therein is so arranged as capable of being outputted.]

[29. A head cartridge that uses an ink tank according to
claim 19, equipped with a recording head for ejecting the
color materials fed from said ink tank.]

[30. A head cartridge that uses an ink tank according to
claim 19, equipped with a recording head for e¢jecting the
color materials fed from said ink tank and so arranged that the
ID information indicating the types of color maternals kept
therein is outputted.}

[31. An ink-jet recording apparatus that uses a head car-
tridge according to claim 30 for recording, comprising:

a loading section for exchangeably loading said head car-

tridge; and
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a printing amount control section for identifying a class of
a color matenial keptin the loaded head cartridge with an
ID mnformation outputted by said head cartridge loaded
in said loading section and deciding the driving condi-
tions of said recording head corresponding to the i1den-
tified class of the color material.]

[32. An ink-jet recording apparatus that uses an ink tank
according to claim 28 for recording, comprising:

a recording head for ejecting ink kept 1n said ink tank; and

a printing amount control section for identitying the class

of a color material kept therein with an ID information
outputted by said ink tank and determining driving con-
ditions of said recording head corresponding to the 1den-
tified type of the color material. ]

[33. An ink-jet recording apparatus comprising:

a loading section for loading a first ink-jet head for ejecting

a first ik of first coloristic performance and a second
ink-jet head for ¢jecting a second ink of second coloris-
tic performance in a mutually exchangeable manner;
and

drive means for providing drive conditions to the ink-jet

head loaded on said loading section.]

[34. The ink-jet recording apparatus according to claim 33,
turther comprising:

modification means for forming a surface density with a

second 1nk, corresponding to a coloristic surface density
formed with a first ink, and modifying the drive condi-
tions according to a ratio of the second coloristic pertor-
mance with the second 1nk to the first coloristic pertor-
mance with the first ink.}

[35. An apparatus for making a halftone recording by
employing three of more types of coloring materials, wherein
the three of more types of color materials have respective
concentrations, each type of the color materials providing a
respective recorded region having a regional lightness, a
lightness diflerence between the regional lightnesses of the
regions being not more than 33, the lightness being measured
according to the definition of CIE 1976 psychological mea-
surement lightness using a standard luminant D65 as a light
source.}

[36. An apparatus for making a halftone recording by
employing three types of color materials of yellow, magenta
and cyan have respective concentrations, wherein each types
of color materials of magenta and cyan contains color mate-
rials which provide a recorded region having a second light-
ness when each type of color materials of magenta and cyan
1s recorded on a recording medium having a first lightness, a
difference between the first lightness and the second lightness
being not more than 35, the lightness being measured accord-
ing to the definition of CIE 1976 psychological measurement
lightness using a standard illuminant D65 as a light source.]

[37. An apparatus for making a halftone recording by
employing three types of color materials of yellow, magenta
and cyan which have respective concentrations, wherein the
color matenals provide recorded regions having respective
lightnesses, a lightness difference between the recorded
regions 1s not more than 35, the lightness being measured
according to the definition of CIE 1976 psychological mea-
surement lightness using a standard 1lluminant D65 as a light
source. ]

[38. An apparatus for making a halftone recording by
employing at least two types of color materials of magenta
and cyan which have respective concentrations wherein each
type of the color materials provides, when recording on the
recording medium having a first lightness, a recorded region
having a second lightness, and wherein a difference between
the first lightness and the second lightness 1s not more than 35,
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the lightness being measured according to the definition of
CIE 1976 psychological measurement lightness using a stan-
dard illuminant D65 as a light source.]

39. An apparatus for making a halftone recording by
[employing] applying atleast two types of [color materials of] 3
inks, including magenta and cyan inks, from an ink applving
unit on a recording medium having a first lightness, each of
[which] the magenta and cvan inks having at least two adja-
cent concentration grades, one higher concentration grade
and one lower concentration [grades, wherein the color mate-
rials having adjacent concentration grades] grade, to provide
recorded regions having respective [lightness] lightnesses on
the recording medium,

wherein a lightness difference between the recorded

regions provided with the higher and lower concentra-
tion grades of the magenta ink 1s not more than 35, and
a lightness difference between the vecorded regions pro-
vided with the higher and lower concentration grades of
the cvan ink is not more than 35, 20
wherein a lightness difference between the recording
medium having the first lightness and the recovded
region provided with the lower concentration grade of
the magenta ink is not move than 35, and a lightness

difference between the recovding medium having the first 25
lightness and the recovded region provided with the
lower concentration grade of the cyan ink is not more
than 33,

wherein an optical density of the recorded region provided
with the higher concentration grade of the magenta ink 30
at a 100% solid recording is not lower than 1.0, and an
optical density of the vecorded region provided with the
higher concentration grade of the cvan ink at a 100%
solid vecording is not lower than 1.0, and

[the] wherein each lightness [being] is measured according 35

to the definition of CIE 1976 psychological measure-
ment lightness using a standard i1lluminating light D65
as a light source.

[40. A process for making a halftone recording by employ-
ing three types of color materials each of which having atleast 40
two concentration grades, wherein the color materials having,
adjacent concentration grades provide recorded regions hav-
ing respective lightness, a lightness difference between the
recorded regions 1s not more than 35, the lightness being
measured according to the definition of CIE 1976 psycho- 45
logical measurement lightness using a standard 1lluminating
light D65 as a light source.}

[41. A process for making a halftone recording by employ-
ing at least three types of color materials of yellow, magenta
and cyan, each of which having at least one concentration 50
grade, wherein each type of color materials of magenta and
cyan contains color materials which provide a recorded
region having a regional lightness when each type of color
materials of magenta and cvan having the lowest concentra-
tion 1s recorded on a recording medium having a first light- 55
ness, a difference between the first lightness and the regional
lightness of the recorded region being not more than 335, the
lightness being measured according to the definition of CIE
1976 psychological measurement lightness using a standard
illuminating light D65 as a light source.] 60

42. A process for making a halftone recording by [employ-
ing] applying at least three types of [color materials of] inks,
including yellow, magenta and cyan inks, from an ink apply-
ing unit on a recovding medium having a first lightness, each
of [which] the vellow, magenta and cvan inks having [at least 65
two] higher and lower concentration grades|, wherein the

color materials having adjacent concentration grades] zo pro-
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vide recorded regions having respective [lightness] /ight-
nesses on the recording medium,
wherein a lightness difference between the recorded
regions provided with the higher and lower concentra-
tion grades of the yellow ink s not more than 35, [the] a
lightness difference between the vecorded regions pro-
vided with the higher and lower concentration grades of
the magenta ink is not move than 35, and a lightness
difference between the recovded vegions provided with
the higher and lower concentration grades of the cvan
ink is not more than 33,

wherein a lightness difference between the recording
medium having the first lightness and the rvecovded
region provided with the lower concentration grade of
the vellow ink is not move than 35, a lightness difference
between the recording medium having the first lightness
and the recovded region provided with the lower concen-
tration grade of the magenta ink is not move than 35, and
a lightness difference between the recovding medium
having the first lightness and the recovded region pro-
vided with the lower concentration grade of the cyan ink
Is not more than 33,

wherein an optical density of the vecorded region provided
with the higher concentration grade of the vellow ink at
a 100% solid recording is not lower than 1.0, an optical
density of the recovded region provided with the higher
concentration grade of the magenta ink at a 100% solid
recording is not lower than 1.0, and an optical density of
the vecorvded region provided with the higher concentra-
tion grade of the cvan ink at a 100% solid recording is
not lower than 1.0, and

wherein each lightness [being] is measured according to

the defimition of CIE 1976 psychological measurement
lightness using a standard illuminating light D65 as a
light source.

[43. A process for making a halftone recording by employ-
ing at least two types of color materials of magenta and cyan,
cach of which having at least one concentration grade,
wherein each type of color materials of magenta and cyan
contains color material which provide a recorded region hav-
ing a regional lightness when each type of color materials of
magenta and cyan having the lowest concentration 1s
recorded on a recording medium having a first lightness, a
difference between the first lightness and the regional light-
ness ol the recorded region being not more than 33, the
lightness being measured according to the definition of CIE
1976 psychological measurement lightness using a standard
illuminating light D65 as a light source.]

44. A process for making a halftone recording by [employ-
ing] applying at least two types of [color material of] inks,
including magenta and cyan inks, from an ink applying unit on
a recording medium having a first lightness, each of [which]
the magenta and cyan inks having at least two adjacent con-
centration grades, [wherein the color material having adja-
cent concentration grades] one higher concentration grade
and the one lower concentration grade, to provide recorded
regions having respective [lightness] lightnesses on the
recording medium,

wherein a lightness difference between the recorded

regions provided with the higher and lower concentra-
tion grades of the magenta ink is not more than 35, [the}
and a lightness [of] difference between the recorded
[region] regions provided with the higher and lower
concentration grades of the cyan inkis notmore than 35,
[the]

wherein a lightness difference between the recording

medium having the first lightness and the recovded
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region provided with the lower concentration grade of

the magenta ink is not move than 35, and a lightness
difference between the recovding medium having the first
lightness and the recovded region provided with the
lower concentration grade of the cyan ink is not more
than 33,

whevrein an optical density of the recovded region provided
with the higher concentration grade of the magenta ink
at a 100% solid recording is not lower than 1.0, and an
optical density of the recorded vegion provided with the
higher concentration grade of the cvan ink at a 100%
solid recording is not lower than 1.0, and

wherein each lightness [being] is measured according to

the definition of CIE 1976 psychological measurement
lightness using a standard illuminating light D65 as a
light source.
45. The [process] apparatus according to [any of claims
40, 42 and 44.] claim 39 wherein [the color material of the
highest concentration attain an] tke optical density of the
recovded region provided with the higher concentration
grade of the magenta ink at the 100% solid recording is not
lower than [1.0 at a 100% solid printing] /.4, and the optical
density of the recorded region provided with the higher con-
centration grade of the cyan ink at the 100% solid recording
is not lower than 1.4.
46. The process according to [any of claims 40, 42 and]
claim 44, wherein [the color material of the highest concen-
tration attain an] tke optical density of the recorded region
provided with the higher concentration grade of the magenta
ink at the 100% solid recording is not lower than 1.4 [at a
100% solid printing], and the optical density of the recorded
region provided with the higher concentration grade of the
cyvan ink at the 100% solid vecording is not lower than 1.4.
47. The process according to [any of claims 40,] c/aim 42
[and] or 44, wherein at least either one of the printing amount
of [the color material] ar irk or the maximum printing
amount onto a recording medium 1s modified according to the
concentration of [a color material] tke ink.
48. A process Tor making an 1mage, comprising the steps
of:
providing at least three types of [color materials of] inks,
including yellow, magenta and cyan inks, each of which
[having] /zas at least two concentration grades; and

forming an image on a recording medium by [employing]
applying the [color materials] inks, the image consisting
of primary colors made by each of the [color materials}
inks, and secondary colors made by mixture of the dif-
ferent types of [color materials] inks,

wherein the [color materials] irks having adjacent concen-

tration grades provide recorded regions having respec-

tive lightness, a lightness difference between the

recorded regions 1s not more than 35, the lightness being

measured according to the definition of CIE 1976 psy-

chological measurement lightness using a standard 11lu-

minating light D65 as a light source, and wherein the

forming step comprises

a step of subjecting o color separation [of] each of pixels
constituting the image into primary color compo-
nents, and

a step of modifying maximum printing amounts of the

[color materials] inks being added onto the recording
medium according to the concentration grades of the
[color materials] inks as for the primary color com-
ponents resulting from the color-separation.
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49. The apparatus accovding to claim 45, wherein the ink
applying unit is configured to apply a vellow ink having only
one concentration grade to provide a recorvded region on the
recording medium,

wherein a lightness difference between the recording

medium having the first lightness and the recovded

region provided with the yvellow ink is not more than 35,
and

wherein an optical density of the vecorded region provided

with the vellow ink at a 100% solid recording is not
lower than 1.4.

50. The apparatus accovding to claim 49, wherein the
magenta ink has only the two concentration grades, and the
cyvan ink has only the two concentration grades.

51. The apparatus accovding to claim 45, wherein the ink
applying unit comprises an inkjet head.

52. The apparatus according to claim 39, wherein the ink
applying unit is configured to apply a vellow ink having only
one concentration grade to provide a recorded vegion on the
recording medium,

wherein a lightness difference between the recording

medium having the first lightness and the recovded
region provided with the yvellow ink is not more than 35,
and

wherein an optical density of the recovded vegion provided

with the vellow ink at a 100% solid recording is not
lower than 1.0.

53. The apparatus according to claim 52, wherein the
magenta ink has only the two concentration grades, and the
cyvan ink has only the two concentration grades.

54. The apparatus according to claim 52, wherein the ink
applying unit comprises an inkjet head.

55. The apparatus according to claim 39, wherein the ink
applying unit comprises an inkjet head.

56. The process according to claim 46, further comprising
a step of applying a vellow ink having only one concentration
grade from the ink applying unit to provide a vecovded region
on the recording medium,

wherein a lightness difference between the recording

medium having the first lightness and the rvecovded
region provided with the vellow ink is not move than 35,
and

wherein an optical density of the recovded region provided

with the vellow ink at a 100% solid recording is not
lower than 1.4.

57. The process according to claim 56, wherein the
magenta ink has only the two concentration grades, and the
cyvan ink has only the two concentration grades.

58. The process according to claim 56, wherein the ink
applying unit comprises an inkjet head.

59. The process according to claim 44, further comprising
a step of applying a vellow ink having only one concentration
grade from the ink applying unit to provide a recorded region
on the recording medium,

wherein a lightness difference between the recording

medium having the first lightness and the recovded
region provided with the vellow ink is not move than 35,
and

wherein an optical density of the vecorded region provided

with the vellow ink at a 100% solid recording is not
lower than 1.0.

60. The process according to claim 59, wherein the
magenta ink has only the two concentration grades, and the
cyvan ink has only the two concentration grades.

61. The process according to claim 59, wherein the ink
applying unit comprises an inkjet head.
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62. The process according to claim 44, wherein the ink
applying unit comprises an inkjet head.
63. An inkjet vecording apparatus for making a halftone
recording by applving at least two types of inks, including
magenta ink and cvan ink, from an ink applying unit on a >
recording medium having a first lightness, each of the
magenta and cyan inks having only two concentration
grades, one higher concentration grade and one lower con-
centration grade, to provide vecorded regions having respec-
tive lightnesses on the recording medium,
wherein a lightness difference between the recorded
regions provided with the higher and lower concentra-
tion grades of the magenta ink is not movre than 35, and
a lightness difference between the recorded regions pro-
vided with the higher and lower concentration grades of
the cyan ink is not move than 35,

wherein a lightness difference between the recording
medium having the first lightness and the recovded
region provided with the lower concentration grade of >0
the magenta ink is not move than 35, and a lightness
difference between the recovding medium having the first
lightness and the recorvded region provided with the
lower concentration grade of the cyan ink is not more
than 33, 25

whevrein an optical density of the recovded region provided
with the higher concentration grade of the magenta ink
at a 100% solid vecording is not lower than 1.4, and an
optical density of the vecorded vegion provided with the
higher concentration grade of the cvan ink at a 100%
solid recording is not lower than 1.4, and

wherein each lightness is measured accovding to the defi-

nition of CIE 1976 psychological measurement lightness
using a standard illuminating light D65 as a light
source.

64. The apparatus according to claim 63, wherein the ink
applving unit is configured to apply a vellow ink having only
one concentration grade to provide a recovded region on the
recording medium, 40

wherein a lightness difference between the recording

medium having the first lightness and the recovded
region provided with the vellow ink is not move than 35,
and

whevrein an optical density of the recovded vegion provided 45

with the vellow ink at a 100% solid recording is not
[ower than 1.4.
63. An inkjet vecording apparatus for making a halftone
recording by applyving at least two tyvpes of inks, including
magenta and cyan inks, from anink applying unit on a vecord- 50
ing medium with an ink veceiving layer formed thereon hav-
ing afirstlightness, each of the magenta and cvan inks having
only two concentration grades, one higher concentration
grade and one lower concentration grade, to provide
recovded vegions having respective lightnesses on the vecord- 55
ing medium,
wherein a lightness difference between the recorded
regions provided with the higher and lower concentra-
tion grades of the magenta ink is not more than 35, and
a lightness difference between the recorded regions pro- 60
vided with the higher and lower concentration grades of
the cyan ink is not movre than 33,

wherein a lightness difference between the recording
medium having the first lightness and the recovded
region provided with the lower concentration grade of 65
the magenta ink is not move than 35, and a lightness
difference between the recovding medium having the first
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lightness and the rvecorvded region provided with the
lower concentration grade of the cyan ink is not more
than 35,

wherein an optical density of the recovded region provided
with the higher concentration grade of the magenta ink
at a 100% solid recording is not lower than 1.4, and an
optical density of the vecorded vegion provided with the
higher concentration grade of the cvan ink at a 100%
solid vecording is not lower than 1.4, and

wherein each lightness is measurved accovding to the defi-

nition of CIE 1976 psychological measurement lightness
using a standard illuminating light D65 as a light
source.

66. The apparatus according to claim 65, wherein the ink
applving unit is configured to apply a yellow ink having only
one concentration grade to provide a recorded vegion on the
recording medium,

wherein a lightness difference between the recording

medium having the first lightness and the recovded
region provided with the yvellow ink is not more than 35,
and

wherein an optical density of the vecorded region provided

with the vellow ink at a 100% solid recording is not
lower than 1.4.

67. An inkjet vecording process for making a halftone
recovding by applving at least two types of inks, including
magenta and cyan inks, from an ink applying unit on a vecorvd-
ing medium having a first lightness, each of the magenta and
cyvan inks having only two concentration grades, one higher
concentration grade and one lower concentration grade, to

provide recovded regions having respective lightnesses on the

recording medium,

wherein a lightness difference between the recovded
regions provided with the higher and lower concentra-
tion grades of the magenta ink is not movre than 35, and
a lightness difference between the vecorded regions pro-
vided with the higher and lower concentration grades of
the cvan ink is not move than 33,

wherein a lightness difference between the recording
medium having the first lightness and the rvecovded
region provided with the lower concentration grade of
the magenta ink is not more than 35, and a lightness
difference between the recording medium having the fivst
lightness and the rvecovded region provided with the
lower concentration grade of the cvan ink is not more
than 35,

wherein an optical density of the vecorded region provided
with the higher concentration grade of the magenta ink
at a 100% solid recording is not lower than 1.4, and an
optical density of the vecorded vegion provided with the
higher concentration grade of the cvan ink at a 100%
solid vecording is not lower than 1.4, and

wherein each lightness is measurved accovding to the defi-
nition of CIE 1976 psychological measurement lightness
using a standavd illuminating light D65 as a light
source.

68. The process accovding to claim 67, further comprising

a step of applving a vellow ink having only one concentration

grade from the ink applying unit to provide a vecovded region

on the recording medium,

wherein a lightness difference between the recording
medium having the first lightness and the recovded
region provided with the yvellow ink is not more than 35,
and

wherein an optical density of the vecorded region provided
with the vellow ink at a 100% solid recording is not
lower than 1.4.
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69. An inkjet recovding process for making a halftone
recording by applving at least two types of inks, including
magenta and cyan inks, from anink applying unit on a vecovd-
ing medium with an ink receiving layer formed thereon hav-
ing a firstlightness, each of the magenta and cvan inks having
only two concentration grades, one higher concentration
grade and one lower concentration grade, to provide
recorvded regions having respective lightnesses on the record-
ing medium,

wherein a lightness difference between the recorded

regions provided with the higher and lower concentra-
tion grades of the magenta ink is not movre than 35, and
a lightness difference between the vecorded vegions pro-

vided with the higher and lower concentration grades of

the cyvan ink is not more than 35,
wherein a lightness difference between the recording
medium having the first lightness and the recovded

region provided with the lower concentration grade of

the magenta ink is not move than 35, and a lightness
difference between the recovding medium having the first
lightness and the recovded region provided with the
lower concentration grade of the cvan ink is not more
than 33,

whevrein an optical density of the recovded region provided
with the higher concentration grade of the magenta ink
at a 100% solid vecording is not lower than 1.4, and an
optical density of the recorded vegion provided with the
higher concentration grade of the cyvan ink at a 100%
solid recording is not lower than 1.4, and

wherein lightness is measurved accovding to the definition

of CIE 1976 psychological measurement lightness using
a standard illuminating light D65 as a light source.

70. The process according to claim 69, further comprising
a step of applving a vellow ink having only one concentration
grade from the ink applying unit to provide a recovded region
on the recording medium,

wherein a lightness difference between the recording

medium having the first lightness and the recovded
region provided with the yvellow ink is not more than 35,
and

wherein an optical density of the recorded region provided

with the vellow ink at a 100% solid recording is not
lower than 1.4.
71. An inkjet recording apparatus for performing a half-
tone recording by ejecting at least a first magenta ink, a
second magenta ink having a color material concentration
higher than that of the first magenta ink, a first cyvan ink, and
a second cyan ink having a colov material concentration
higher than that of the first cvan ink from an ink ejecting
device on a recording medium having a first lightness,
wherein a lightness difference between a recovded region
provided by the first magenta ink and a recorded region
provided by the second magenta ink is not move than 33,
and a lightness difference between a recovded region
provided by the first cvan ink and a recovded region
provided by the second cyvan ink is not move than 35,

wherein a lightness difference between the recording
medium having the first lightness and the recorvded
region provided by the first magenta inkis not move than
35, and a lightness difference between the recording
medium having the first lightness and the recovded
region provided by the first cvan ink is not move than 35,

wherein a maximum optical density of a recovded region
provided by the second magenta ink is not lower than
1.4, and a maximum optical density of a vecovded region
provided by the second cyan ink is not lower than 1.4,
and

38

wherein each lightness is measured according to the defi-
nition of CIE 1976 psychological measurement lightness
using a standard illuminating light D65 as a light
source.
d 72. The inkjet recovding apparatus accovding to claim 71,
wherein the ink ejecting device is configured to eject a yellow
ink on the recording medium,
wherein a lightness difference between the recording
medium having the first lightness and a vecovded vegion
provided by the vellow ink is not more than 35, and
wherein a maximum optical density of a recorded region
provided by the vellow ink is not lower than 1.4.
73. An inkjet vecording apparatus for performing a half-
tone recording by ejecting at least a first magenta ink, a
second magenta ink having a color material concentration

higher than that of the first magenta ink, a first cyvan ink, and
a second cyan ink having a colov material concentration
higher than that of the first cvan ink from an ink ejecting

20 device on a recording medium with an ink receiving layer
formed theveon having a first lightness,

wherein a lightness difference between a rvecorded region

provided by the first magenta ink and a recovded region
provided by the second magenta ink is not move than 35,
25 and a lightness difference between a recorded rvegion
provided by the first cyvan ink and a vecovded region
provided by the second cyvan ink is not more than 35,
wherein a lightness difference between the recording
medium having the first lightness and the recovded
30 region provided by the first magenta inkis not move than
35, and a lightness difference between the recording
medium having the first lightness and the recovded
region provided by the first cyan ink is not morve than 35,
wherein a maximum optical density of a recorded region
35 provided by the second magenta ink is not lower than
1.4, and a maximum optical density of a recovded region
provided by the second cyan ink is not lower than 1.4,
and

wherein each lightness is measurved accovding to the defi-

40 nition of CIE 1976 psychological measurement lightness
using a standavd illuminating light D65 as a light
source.

74. The inkjet recovding apparatus according to claim 73,
wherein the ink ejecting device is configured to eject a yellow

45 ink on the recording medium,
wherein a lightness difference between the recording
medium having the first lightness and a vecovded vegion
provided by the vellow ink is not more than 35, and
wherein a maximum optical density of a recorded region
50 provided by the vellow ink is not lower than 1.4.

75. An inkjet vecording process for performing a halftone
recording by ejecting at least a first magenta ink, a second
magenta ink having a color material concentration higher
than that of the first magenta ink, a first cyan ink, and a second

55 cyan ink having a color material concentration higher than
that of the first cyan ink from an ink ejecting device on a
recording medium having a first lightness,

wherein a lightness difference between a recovded region

provided by the first magenta ink and a recorded region

60 provided by the second magenta ink is not move than 35,

and a lightness difference between a recorded vegion

provided by the first cyan ink and a recovded region
provided by the second cyan ink is not more than 33,

wherein a lightness difference between the recording

65 medium having the first lightness and the recovded

region provided by the first magenta inkis not move than

35, and a lightness difference between the recording
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medium having the first lightness and the rvecorvded provided by the second magenta ink is not more than 35,

region provided by the first cyan ink is not more than 35, and a lightness difference between a recorded rvegion
wherein a maximum optical density of a recorded region provided by the first cyan ink and a recovded region

provided by the second magenta ink is not lower than provided by the second cyan ink is not more than 35,

1.4, and a maximum optical density of a recorded region s wherein a lightness difference between the recording

provided by the second cyan ink is not lower than 1.4, medium having the first lightness and the recorded

and‘ _ _ _ region provided by the first magenta inkis not move than
wherein each lightness is measured accovding to the defi- 35 and a lightness difference between the recording

nition of CIE 1976 psychological measurement lightness . . .
using a standard illuminating light D65 as a light 10 medium having the first lightness and the recorded

COUFCE region provided by the first cvan ink is not morve than 35,

76. The inkjet recording process accorvding to claim 75, wkeref;? a maximum optical density _Ofa_ recorded region
Jurther comprising a step of ejecting a vellow ink from the ink provided by rh? Second‘magenra‘ ink is not lower ﬂz‘an
ejecting device on the recording medium 1.4, and a maximum optical density of a recorded region

wherein a lightness difference between the recording 15 provided by the second cyan ink is not lower than 1.4,

medium having the first lightness and a vecorded region (md_ _ _ .
provided by the yellow ink is not move than 35, and wherein each lightness is measurved accovding to the defi-
wherein a maximum optical density of a recorde:id region nfrfon of CI1E 197 6p§y ch():logx:cal measur ement lf{ghmfﬁ
provided by the yellow ink is not lower than 1.4. using a standavd illuminating light D65 as a light
77. An inkjet recovding process for performing a halftone >0 7850;£;C€j _ ” ” Ioim 77
recording by ejecting at least a first magenta ink, a second . The inkjet recording process according to claim 77,
magenta ink having a color material concentration higher ﬁ’fﬁk?r COMprising d step ofe']‘ecrmg (:{yellow ink from the ink
than that of the first magenta ink, a first cyan ink, and a second EJ ecgng fiewcelfﬁithe rec;)f’dmg meagum} / ”
cyan ink having a color material concentration higher than W EHZ? . / = mezs gfi}jezce etw;en the ;E?;W s
that of the first cyan ink from an ink ejecting device on a 75 e I'?j{md E()w”]igr E}fmr_ 3:}% _mESS ana a ;;ECOE; ?’i}gm”
recording medium with an ink receiving layer formed thereon proviae yt; € yeLow 1S no‘t more than 3., an _
having a first lightness wherein a maximum optical density of a recovded region
wherein a lightness difference between a recovded region provided by the yellow ink is not lower than 1.4.

provided by the first magenta ink and a recorded region %k ok k%
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