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PRINTING APPARATUS AND PRINTING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 13/429,302, filed Mar. 23, 2012 which claims
priority to Japanese Patent Application No. 2011-065460
filed on Mar. 24, 2011. The foregoing patent applications are
incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a printing apparatus

and a printing method.

[0004] 2. Related Art

[0005] As a printing apparatus, there is an ink jet printer
(hereinafter, referred to as a printer) having a head ejecting
ink from nozzles. As such a printer, there is a printer in which
a plurality of heads are connected and disposed to increase a
printable image width.

[0006] However, the nozzle distance in nozzle rows formed
in the head is very small. For this reason, when the plurality of
heads are connected and disposed and their position relative
to each other deviates, the ink concentration at an image part
printed at a joint of the heads becomes thicker or thinner. A
printer in which end portions of heads (end portions of nozzle
rows) are overlapped is proposed. An example of the related
art is disclosed in JP-A-6-255175.

[0007] It is possible to make concentration unevenness of
the image part printed at the joint of the heads invisible by
overlapping the end portions of the heads (end portions of
nozzle rows), but it is difficult to completely remove the
concentration unevenness. For this reason, in the printer
ejecting ink with a plurality of colors, when the positions of
the joint of the heads of all the colors are the same, the image
part printed at the joint are overlapped and printed, and the
concentration unevenness may be exacerbated. Accordingly,
the image part printed at the joint is visible on the printed
image, and image quality of the printed image deteriorates.

SUMMARY

[0008] An advantage of some aspects of the invention is to
suppress deterioration of image quality of a printed image.

[0009] According to an aspect of the invention, there is
provided a printing apparatus including: a first yellow nozzle
group in which a plurality of nozzles ejecting a yellow ink are
arranged in a predetermined direction; a second yellow
nozzle group in which a plurality of nozzles ejecting a yellow
ink are arranged in the predetermined direction and which is
disposed to be offset from the first yellow nozzle group in the
predetermined direction; a first magenta nozzle group in
which a plurality of nozzles ejecting a magenta ink are
arranged in the predetermined direction; a second magenta
nozzle group in which a plurality of nozzles ejecting a
magenta ink are arranged in the predetermined direction and
which is disposed to be offset from the first magenta nozzle
group in the predetermined direction; a first cyan nozzle
group in which a plurality of nozzles ejecting a cyan ink are
arranged in the predetermined direction; a second cyan
nozzle group in which a plurality of nozzles ejecting a cyan
ink are arranged in the predetermined direction and which is
disposed to be offset from the first cyan nozzle group in the
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predetermined direction; and a control unit that controls to
eject ink from the nozzles while relatively moving the nozzle
groups and a medium in a direction crossing the predeter-
mined direction, and to print an image on the medium,
wherein a position of a joint of the first yellow nozzle group
and the second yellow nozzle group in the predetermined
direction is offset from a position of a joint of the first magenta
nozzle group and the second magenta nozzle group in the
predetermined position and a position of a joint of the first
cyan nozzle group and the second cyan nozzle group in the
predetermined position, and wherein the position of the joint
of the first magenta nozzle group and the second magenta
nozzle group in the predetermined position is the same as the
position of the joint of the first cyan nozzle group and the
second cyan nozzle group in the predetermined direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0011] FIG. 1A is a block diagram illustrating an overall
configuration of a printer, and FIG. 1B is a schematic cross-
sectional view of the printer.

[0012] FIG. 2 is a diagram illustrating a bottom face of a
head group of a color.

[0013] FIG. 3A is a diagram illustrating thin rectangular
heads disposed in accordance with the design, FIG. 3B is a
diagram illustrating that the thin rectangular heads are dis-
posed apart, and FIG. 3C is a diagram illustrating the thin
rectangular heads are closely disposed.

[0014] FIG. 4 is a diagram illustrating that a medium is
transported askew.

[0015] FIG. 5A and FIG. 5B are diagrams illustrating com-
parative examples of disposition of the thin rectangular heads.
[0016] FIG. 6A and FIG. 6B are diagrams illustrating dis-
position of the thin rectangular heads of the embodiment.

[0017] FIG. 7 is a diagram illustrating a test pattern of a
color.
[0018] FIG. 8isadiagramillustrating a result of reading the

test pattern by a scanner.
[0019] FIG. 9A and FIG. 9B are diagrams illustrating the
calculation of a target instruction gradation value.

[0020] FIG. 10 is a diagram illustrating a correction value
table.
[0021] FIG. 11 is a diagram illustrating the calculation of a

correction value corresponding to a gradation value before
correction.

[0022] FIG. 12A and FIG. 12B are diagrams illustrating
modified examples of the disposition of the thin rectangular
heads.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Summary of Disclosure

[0023] Atleastthe following will be clarified by description
of the specification and description of the accompanying
drawings.

[0024] That is, there is provided a printing apparatus
including: a first yellow nozzle group in which a plurality of
nozzles ejecting a yellow ink are arranged in a predetermined
direction; a second yellow nozzle group in which a plurality
of'nozzles ejecting a yellow ink are arranged in the predeter-
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mined direction and which is disposed to be offset from the
first yellow nozzle group in the predetermined direction; a
first magenta nozzle group in which a plurality of nozzles
ejecting a magenta ink are arranged in the predetermined
direction; a second magenta nozzle group in which a plurality
of nozzles ejecting a magenta ink are arranged in the prede-
termined direction and which is disposed to be offset from the
first magenta nozzle group in the predetermined direction; a
first cyan nozzle group in which a plurality of nozzles ejecting
a cyan ink are arranged in the predetermined direction; a
second cyan nozzle group in which a plurality of nozzles
ejecting a cyan ink are arranged in a predetermined direction
and which is disposed to be offset from the first cyan nozzle
group in the predetermined direction; and a control unit that
controls to eject ink from the nozzles while relatively moving
the nozzle groups and a medium in a direction crossing the
predetermined direction, to print an image on the medium,
wherein a position of a joint of the first yellow nozzle group
and the second yellow nozzle group in the predetermined
direction is offset from a position of a joint of the first magenta
nozzle group and the second magenta nozzle group in the
predetermined position and a position of a joint of the first
cyan nozzle group and the second cyan nozzle group in the
predetermined position, and wherein the position of the joint
of the first magenta nozzle group and the second magenta
nozzle group in the predetermined position is the same as the
position of the joint of the first cyan nozzle group and the
second cyan nozzle group in the predetermined direction.
[0025] According to such a printing apparatus, it is possible
to make an image part printed at the joint of the nozzle groups
invisible, and it is possible to suppress deterioration of image
quality of the printed image. In addition, it is possible to make
a printable width in a predetermined direction as long as
possible.

[0026] The printing apparatus further includes: a first black
nozzle group in which a plurality of nozzles ejecting a black
ink are arranged in the predetermined direction; and a second
black nozzle group in which a plurality of nozzles ejecting a
black ink are arranged in the predetermined direction and
which is disposed to be offset from the first black nozzle
group in the predetermined direction, wherein a position of a
joint of the first black nozzle group and the second black
nozzle group in the predetermined direction is the same as a
position of a joint of the first magenta nozzle group and the
second magenta nozzle group in the predetermined position
and a position of a joint of the first cyan nozzle group and the
second cyan nozzle group in the predetermined position.
[0027] According to such a printing apparatus, it is possible
to make an image part printed at the joint of the nozzle groups
invisible, and it is possible to suppress deterioration of image
quality of the printed image. In addition, it is possible to make
a printable width in a predetermined direction as long as
possible.

[0028] In the printing apparatus, the ink ejected from the
nozzles is a light-curing ink that is cured by irradiation of
light.

[0029] According to such a printing apparatus, it is possible
to make an image part printed at the joint of the nozzle groups
invisible, and it is possible to suppress deterioration of image
quality of the printed image. In addition, it is possible to make
a printable width in a predetermined direction as long as
possible.

[0030] The printing apparatus further includes a storage
unit that stores a correction value calculated for each column
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areathat is an area on the medium forming a dot column along
the intersection direction by a test pattern printed on the basis
of an instruction gradation value representing a predeter-
mined concentration, for each color of ink, wherein an image
is printed on the medium on the basis of a gradation value
obtained by correcting a gradation value representing a con-
centration of a printed image with the correction value.
[0031] According to such a printing apparatus, itis possible
to make an image part printed at the joint of the nozzle groups
invisible, and it is possible to suppress deterioration of image
quality of the printed image.

[0032] Inaddition, there is provided a printing method of a
printing apparatus including a first yellow nozzle group in
which a plurality of nozzles ejecting a yellow ink are arranged
in a predetermined direction, a second yellow nozzle group in
which a plurality of nozzles ejecting a yellow ink are arranged
in the predetermined direction and which is disposed to be
offset from the first yellow nozzle group in the predetermined
direction, a first magenta nozzle group in which a plurality of
nozzles ejecting a magenta ink are arranged in the predeter-
mined direction, a second magenta nozzle group in which a
plurality of nozzles ejecting a magenta ink are arranged in the
predetermined direction and which is disposed to be offset
from the first magenta nozzle group in the predetermined
direction, a first cyan nozzle group in which a plurality of
nozzles ejecting a cyan ink are arranged in the predetermined
direction, and a second cyan nozzle group in which a plurality
of nozzles ejecting a cyan ink are arranged in the predeter-
mined direction and which is disposed to be offset from the
first cyan nozzle group in the predetermined direction,
wherein a position of a joint of the first yellow nozzle group
and the second yellow nozzle group in the predetermined
direction is offset from a position of a joint of the first magenta
nozzle group and the second magenta nozzle group in the
predetermined position and a position of a joint of the first
cyan nozzle group and the second cyan nozzle group in the
predetermined position, wherein the position of the joint of
the first magenta nozzle group and the second magenta nozzle
group in the predetermined position is the same as the posi-
tion of the joint of the first cyan nozzle group and the second
cyan nozzle group in the predetermined direction, and
wherein ink is ejected from the nozzles while relatively mov-
ing the nozzle groups and a medium in a direction crossing the
predetermined direction, to print an image on the medium.
[0033] According to such a printing apparatus, itis possible
to make an image part printed at the joint of the nozzle groups
invisible, and it is possible to suppress deterioration of image
quality of the printed image. In addition, it is possible to make
a printable width in a predetermined direction as long as
possible.

Printing System

[0034] A printing apparatus is an ink jet printer (hereinaf-
ter, referred to as a printer), and a printing system according
to an embodiment in which the printer and a computer are
connected to each other will be described by way of example.
[0035] FIG. 1A is a block diagram of an overall configura-
tion of the printer 1 and F1G. 1B is a schematic cross-sectional
view of the printer 1. The printer 1 of the embodiment ejects
ultraviolet curing ink (corresponding to light curing ink)
cured by irradiation of an ultraviolet ray to print an image on
amedium S (for example, paper, cloth, or film). The ultravio-
let curing ink (hereinafter, referred to as UV ink) is ink includ-
ing ultraviolet curing resin, and is cured by photo polymer-
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ization reaction on the ultraviolet curing resin when the ink is
subjected by irradiation of the ultraviolet ray.

[0036] A computer 60 is connected to communicate with
the printer 1, and outputs printing data for causing the printer
1 to print an image, to the printer 1.

[0037] A controller 10 is a control unit that controls the
printer 1. An interface unit 11 is provided for transmission and
reception of data between the computer 60 and the printer 1.
A CPU 12 is an operation processing device that controls the
whole of the printer 1. A memory 13 secures an area in which
programs of the CPU 12 are stored, a work area, or the like.
The CPU 12 controls units according to a unit control circuit
14. A detector group 50 monitors the situation in the printer 1,
and the controller 10 controls the units on the basis of the
detection result.

[0038] As shown in FIG. 1B, a transport unit 20 has trans-
port rollers 21A and 21B and a transport belt 22, and trans-
ports the medium S from the upstream side to the downstream
side in the transport direction. The medium S is transported at
a constant speed without stopping on the transport belt 22
while being opposed to the head group 31 or ultraviolet irra-
diation units 41 and 42. The medium S on the transport belt 22
is subjected to suction adsorption or electrostatic adsorption,
and positional variation of the medium S is prevented.
[0039] A head unit 30 is provided to eject the UV ink to the
medium S, and has four head groups 31 ejecting UV inks
(YMCK) of four colors. In order from the upstream side in the
transport direction, a yellow head group 31(Y) ejecting the
yellow ink, a magenta head group 31(M) ejecting the magenta
ink, a cyan ink head group 31(C) ejecting the cyan ink, and a
black head group 31(K) ejecting the black ink are arranged.
[0040] FIG. 2 is a diagram illustrating a bottom face of the
head group 31 of acolor. FIG. 2 is a diagram virtually viewing
the arrangement of the nozzles from the upper side of the head
group 31. In each head group 31, a plurality of thin rectangu-
lar heads 32(1) to 32(n) are arranged in a paper width direc-
tion (corresponding to the predetermined direction) crossing
the transport direction. On the bottom face of each thin rect-
angular head 32 (face opposed to the medium S), a nozzle
column in which 180 nozzles ejecting the ink are arranged at
a predetermined distance D in the paper width direction is
formed. For description, “first thin rectangular head 32(1),
second thin rectangular head 32(2), . . . ” are called in order
from the thin rectangular heads 32 on the back side in the
paper width direction, and a small number among the nozzles
belonging to the nozzle column is attached in order from the
nozzles on the back side in the paper width direction (#1 to
#180).

[0041] Ineachhead group 31, aplurality of thin rectangular
heads 32(1) to 32(») are disposed to overlap with an end
portion (end portion of nozzle column) in the paper width
direction of the thin rectangular head 32. Specifically,
between two thin rectangular heads (for example, 32(1) and
32(2)) arranged in the paper width direction, a position in the
paper width direction of four end portion nozzles (for
example, #177 to #180) on the front side in the paper width
direction of the thin rectangular head (for example, 32(1)) on
the back side in the paper width direction is the same as a
position in the paper width direction of four end portion
nozzles (for example, #1 to #4) on the back side in the paper
width direction of the thin rectangular head (for example,
32(2)) on the front side in the paper width direction.

[0042] Therefore, on the bottom face of the head group 31,
aplurality of nozzles are arranged at a predetermined distance
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D in the paper width direction. Accordingly, when the con-
troller 10 (corresponding to control unit) moves the medium
S with respect to the head group 31 in the transport direction
(corresponding to direction crossing predetermined direc-
tion), the controller 10 controls to discontinuously eject the
ink from the nozzles, a plurality of dot columns taken along
the transport direction are arranged and printed in the paper
width direction, and a 2-dimensional image is printed on the
medium S. The method of ejecting the ink from the nozzles
may be a piezoelectric method of applying voltage to a driv-
ing element to expand and contract a pressure chamber filled
with the ink to eject the ink, and may be a thermal method of
generating air bubbles in the nozzles using a heat generating
element to eject the ink by the air bubbles.

[0043] Forthe following description, an area where the end
portion nozzles (#1 to #4 and #177 to #180, black painted
nozzles) of the thin rectangular heads 32 arranged in the paper
width direction are overlapped is referred to as “overlapped
area”. The overlapped area corresponds to a joint (joint of
nozzle columns) of the thin rectangular heads 32 arranged in
the paper width direction.

[0044] An irradiation unit 40 irradiates the UV ink landing
on the medium S with the ultraviolet ray to cure the UV ink,
and has four preliminary irradiation units 41 and a main
irradiation unit 42. The preliminary irradiation units 41 irra-
diate with the ultraviolet ray to the extent that the UV ink is
not completely cured, and the main irradiation unit 42 lastly
irradiates with the ultraviolet ray to completely cure the UV
ink. That is, the UV ink is cured in two stages.

[0045] As shown in FIG. 1B, the preliminary irradiation
unit 41 is provided between the head groups 31 ejecting the
inks with different colors. For this reason, the UV ink ejected
from any head group 31 is cured (semi-cured) by the prelimi-
nary irradiation unit 41 before the UV ink is ejected from the
head group 31 on the downstream side in the transport direc-
tion from the head group 31. As a result, it is possible to
prevent blur between the UV inks with different colors.

[0046] A light source of irradiation of the ultraviolet ray
may be, for example, a light emitting diode (LED), a metal
halide lamp, and a mercury lamp. The length of the prelimi-
nary irradiation unit 41 and the main irradiation unit 42 in the
paper width direction is substantially the same as the length of
the head group 31 in the paper width direction, the UV ink on
the medium S ejected from the head groups 31 is irradiated
with the ultraviolet ray over the whole area in the paper width
direction.

Concentration Error of Joint of Image

[0047] FIG. 3A is a diagram illustrating shapes of dots
formed when the thin rectangular head 32 is disposed as
designed. In the drawings, dots formed by the first thin rect-
angular head 32(1) are represented by black circles (@), and
dots formed by the second thin rectangular head 32(2) are
represented by white circle (O). In the embodiment, on
design, the thin rectangular heads 32 are disposed such that
the positions in the paper width direction of the end portion
nozzles of the thin rectangular head 32 in the paper width
direction, that is, the nozzles (#177 to #180 and #1 to #4)
belonging to the overlapped area are the same. For example,
the position in the paper width direction of the nozzle #177 of
the first thin rectangular head 32(1) is the same as the position
in the paper width direction of the nozzle #1 of the second thin
rectangular head 32(2).
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[0048] In the nozzles belonging to the overlapped area, the
positions in the paper width direction are the same. In the two
nozzles belonging to the other shot head 32, one dot column
(hereinafter, referred to as raster line) taken along the trans-
port direction is formed. For example, the nozzle #177 of the
first thin rectangular head 32(1) and the nozzle #1 of the
second thin rectangular head 32(2) alternately form dots in
the transport direction to form one raster line. In such a
manner, it is possible to make the joint of the image formed by
the first thin rectangular head 32(1) and the image formed by
the second thin rectangular head 32(2) invisible.

[0049] FIG. 3B is a diagram illustrating shapes of dots
formed when the second thin rectangular head 32(2) is sepa-
rately disposed with respect to the first thin rectangular head
32(1). As shown in FIG. 3A, when the first thin rectangular
head 32(1) and the second thin rectangular head 32(2) are
disposed as designed, the position in the paper width direction
of the dots formed by the nozzles (#177 to #180) of the
overlapped area of the first thin rectangular head 32(1) is the
same as the position in the paper width direction of the dots
formed by the nozzles (#1 to #4) of the overlapped area of the
second thin rectangular head 32(2).

[0050] However, the nozzle distance in the nozzle column
is very small, and thus, as shown in FIG. 3B, the second thin
rectangular head 32(2) may be disposed to be offset on the
front side in the paper width direction to be separated from the
first thin rectangular head 32(1). In this case, the dots formed
by the nozzles of the overlapped area of the second thin
rectangular head 32(2) are offset on the front side in the paper
width direction from the dots formed by the nozzles of the
overlapped area of the first thin rectangular head 32(1).
Accordingly, dot density of the medium part at which the dots
have to be formed by the nozzles of the overlapped area
becomes low (the amount of ejected ink becomes small), and
thus the concentration of the joint of the image formed by the
first thin rectangular head 32(1) and the image formed by the
second thin rectangular head 32(2) becomes low.

[0051] That is, the joint part of the images printed by the
first thin rectangular head 32(1) and the second thin rectan-
gular head 32(2) (that is, image part printed at the joint of the
thin rectangular heads 32) is recognized as a white streak
taken along the transport direction on the printed image, and
the image quality of the printed image deteriorates.

[0052] FIG. 3C is a diagram illustrating shapes of dots
formed when the second thin rectangular head 32(2) is dis-
posed close to the first thin rectangular head 32(1). Contrary
to FIG. 3B, the second thin rectangular head 32(2) may be
disposed on the back side in the paper width direction to be
close to the first thin rectangular head 32(1).

[0053] That is, the dots formed by the nozzles of the over-
lapped area of the second thin rectangular head 32(2) may
deviate on the back side in the paper width direction from the
dots formed by the nozzles of the overlapped area of the first
thin rectangular head 32(1). Accordingly, dot density of the
medium part at which the dots have to be formed by the
nozzles of the overlapped area becomes high (the amount of
ejected ink becomes large), and thus the concentration of the
joint of the image formed by the first thin rectangular head
32(1) and the image formed by the second thin rectangular
head 32(2) becomes high.

[0054] That is, the joint part of the images printed by the
first thin rectangular head 32(1) and the second thin rectan-
gular head 32(2) (that is, image part printed at the joint of the
thin rectangular heads 32) is recognized as a black streak
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taken along the transport direction on the printed image, and
the image quality of the printed image deteriorates.

[0055] As described above, when the relative position rela-
tionship of the thin rectangular heads 32 arranged in the paper
width direction deviates from the relative position relation-
ship on design, a concentration error occurs at the image part
(joint of image) printed at the joint (overlapped area) of the
thin rectangular heads 32. Accordingly, concentration
unevenness (streak taken along the transport direction) occurs
on the printed image, and the image quality of the printed
image deteriorates.

[0056] FIG. 4 is a diagram illustrating dots formed when
the medium S is transported askew. In FIG. 4, the relative
position relationship of the thin rectangular heads 32
arranged in the paper width direction is as designed, and the
position in the paper width direction of the nozzles (#177 to
#180) of the overlapped area of the first thin rectangular head
32(1) is the same as the position in the paper width direction
of'the nozzles (#1 to #4) of the overlapped area of the second
thin rectangular head 32(2).

[0057] By the way, the thin rectangular heads 32 arranged
in the paper width direction are disposed to be offset in the
transport direction such that the end portions thereof are
overlapped. For example, the first thin rectangular head 32(1)
is positioned to be offset on the upstream side in the transport
direction from the second thin rectangular head 32(2).
Accordingly, as shown on the left of FIG. 4, first, the first thin
rectangular head 32(1) forms dots (@) on the medium S. In
addition, the nozzles #178 and #180 of the nozzles of the
overlapped area of the first thin rectangular head 32(1) form
dots, and the nozzles #1 and #3 of the nozzles of the over-
lapped area of the second thin rectangular head 32(2) form
dots.

[0058] After the first thin rectangular head 32(1) forms the
dots, the medium S is transported while skewing on the back
side in the paper width direction. As shown on the right of
FIG. 4, the second thin rectangular head 32(2) forms dots (O)
at the position on the front side in the paper width direction
from the position on the medium S at which the second thin
rectangular head 32(2) has to originally form the dots. That is,
the dots are formed as the second thin rectangular head 32(2)
is disposed to be offset on the front side in the paper width
direction to be separated from the first thin rectangular head
32(1) (FIG. 3B), and the concentration of the joint of the
image formed by the first thin rectangular head 32(1) and the
image formed by the second thin rectangular head 32(2)
becomes low.

[0059] On the contrary, when the medium S is transported
while skewing on the front side in the paper width direction
between the first thin rectangular head 32(1) and the second
thin rectangular head 32(2) (not shown), the dots are formed
as the second thin rectangular head 32(2) is disposed to be
offset on the back side in the paper width direction to be close
to the first thin rectangular head 32(1) (FIG. 3C).

[0060] As described above, even when the relative position
relationship of the thin rectangular heads 32 arranged in the
paper width direction is as designed and when the medium S
is transported while skewing, a concentration error occurs at
the image part (joint of image) printed at the joint (overlapped
area) of the thin rectangular heads 32. Accordingly, concen-
tration unevenness (streak taken along the transport direction)
occurs on the printed image, and the image quality of the
printed image deteriorates.
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[0061] In the case of the concentration error (FIG. 3B and
FIG. 3C) occurring by the difference of the relative position
relationship of the thin rectangular heads 32 arranged in the
paper width direction, the method in which the concentration
error occurs is regular, and thus it is easy to improve the
concentration error. For example, when the concentration of
the joint of the image becomes low on the basis ofa correction
value set for each area (column area) on the medium in which
the raster line is printed (to be described later), the dot size
printed at the joint of the image is increased or the number of
dots is increased. In such a manner, it is possible to correct the
concentration of the joint of the image to be high. However,
since the method in which the concentration error occurs by
the skewing transport of the medium S is not regular, there is
a limit in correction of the concentration error based on the
correction value.

Disposition of Thin Rectangular Heads 32

Disposition of Comparative Example

[0062] FIG. 5A and FIG. 5B are diagrams illustrating a
comparative example of disposition of the thin rectangular
heads 32. The printer 1 has a head group 31 for each UV ink
(YMCK) of four colors, and the thin rectangular heads 32 are
arranged in the paper width direction while the end portions
thereof are overlapped in the head groups 31. In the drawings,
for brief description, the number of thin rectangular heads 32
is three per color, and the joint (overlapped area) of the thin
rectangular heads 32 is represented by crosshatch.

[0063] In the comparative example shown in FIG. 5A, as
for all the head groups 31 of the UV inks (YMCK) of four
colors, the positions in the paper width direction of the joints
(overlapped areas) of the thin rectangular heads 32 arranged
in the paper width direction are the same. Specifically, the
position in the paper width direction of the joint of the first
thin rectangular head 32(Y1) and the second thin rectangular
head 32(Y?2) of yellow, the position in the paper width direc-
tion of the joint of the first thin rectangular head 32(M1) and
the second thin rectangular head 32(M2) of magenta, the
position in the paper width direction of the joint of the first
thin rectangular head 32(C1) and the second thin rectangular
head 32(C2) of cyan, and the position in the paper width
direction of the joint of the first thin rectangular head 32(K1)
and the second thin rectangular head 32(K2) of black are the
same.

[0064] It is assumed that the concentration error occurs at
the image part printed at the joint of the thin rectangular heads
32 in all the head groups 31 of four colors (YMCK) by the
difference in the relative position relationship of the thin
rectangular heads 32 or the skewing transport of the medium.
In the comparative example shown in FIG. 5A in which the
positions of the joints of the thin rectangular heads 32 of four
colors (YMCK) are the same, the image part printed at the
joint of the thin rectangular heads 32 of colors, that is, the
image parts at which the concentration error occurs are
printed to overlap.

[0065] Accordingly, lightness or darkness of the image part
printed at the joint of the thin rectangular heads 32 is encour-
aged, or it is difficult to express the image part printed at the
joint of the thin rectangular heads 32 to be a desired color. For
example, it is assumed that a concentration error of “+5%”
occurs at the image part (joint of image) printed at the joint of
the thin rectangular heads 32 of four colors (YMCK). Accord-
ingly, when the images of four colors (YMCK) are printed to
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overlap, the concentration error of the joint of the images is
about four times of “+5%”. When the image of three colors
(YMC) are printed to overlap, the concentration error of the
joint of the images is about three times of “+5%”. When the
image of two colors (Y and M, Y and C, and M and C) are
printed to overlap, the concentration error of the joint of the
images is about twice of “+5%”. For this reason, the part at
which the joints of the images with a plurality of colors are
printed to overlap is easily recognized as a streak taken along
the transport direction on the printed image, and the image
quality of the printed image further deteriorates.

[0066] That is, in spite of the fact that the concentration
error easily occurs at the image part (joint of image) printed at
the joint of the thin rectangular heads 32, as shown in the
comparative example of FIG. SA, when the positions in the
paper width direction of the joint of the thin rectangular heads
32 are the same for all the head groups 31 of four colors
(YMCK), the joints of the images on which the concentration
error occurs are printed to overlap, and the image quality of
the printed image further deteriorates.

[0067] Meanwhile, in the comparative example shown in
FIG. 5B, the position of the joint (overlapped area) of the thin
rectangular heads 32 is offset in the paper width direction, for
all the head groups 31 of four colors (YMCK).

[0068] Specifically, the position of the joint of the first thin
rectangular head 32(Y1) and the second thin rectangular head
32(Y2) of yellow is positioned on the rearmost side in the
paper width direction, the position of the joint of the first thin
rectangular head 32(M1) and the second thin rectangular
head 32(M2) of magenta is offset on the front side in the paper
width direction from the position of the joint of the yellow
thin rectangular heads 32, the position of the joint of the first
thin rectangular head 32(C1) and the second thin rectangular
head 32(C2) of cyan is offset on the front side in the paper
width direction from the position of the joint of the magenta
thin rectangular heads 32, and the position of the joint of the
first thin rectangular head 32(K1) and the second thin rectan-
gular head 32(K2) of black is positioned on the most front
side in the paper width direction.

[0069] In this case, in the head groups 31 of the colors
(YMCK), even when the concentration error occurs at the
image parts printed at the joints of the thin rectangular heads
32, the image parts at which the concentration error occurs are
not printed to overlap, and are printed to be offset in the paper
width direction. Accordingly, in the comparative example of
FIG. 5B, it is possible to prevent the concentration error of the
image part printed at the joint of the thin rectangular heads 32
from being encouraged, and it is possible to make the image
part printed at the joint of the thin rectangular heads 32 close
to a desired color as possible.

[0070] However, in the comparative example of FIG. 5B,
the yellow thin rectangular head 32 group deviating on the
most back side in the paper width direction and the black thin
rectangular head 32 group deviating on the most front side in
the paper width direction can print the image only in the
overlapped area. For example, the nozzles on the back side in
the paper width direction of the first thin rectangular head
32(Y1) ofyellow cannot be used since the nozzles of the other
colors (MCK) are not present in the same position in the paper
width direction. Accordingly, a printable width W2 in the
comparative example of F1IG. 5B becomes even shorter than a
printable width W1 in the comparative example of FIG. 5A in
which the position of the joint of the thin rectangular heads 32
is not offset.
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[0071] That is, when the positions of the joints of the thin
rectangular heads 32 deviates in the paper width direction for
all the head groups 31 of four colors (YMCK) in the same
manner as the comparative example of FIG. 5B, it is possible
to suppress the concentration error of the image part printed at
the joint of the thin rectangular heads 32, but the printable
width W2 in the paper width direction becomes short. In other
words, in the comparative example of FIG. 5B, it is necessary
to increase the number of thin rectangular heads 32 or to
increase the length of the nozzle column, in order to obtain a
desired printable width.

Disposition of Embodiment

[0072] FIG. 6A and FIG. 6B are diagrams illustrating dis-
position of the thin rectangular heads 32 of the embodiment.
In the embodiment, only the position of the joint (overlapped
area) of the yellow thin rectangular heads 32 deviates from the
position of the joint (overlapped area) of the thin rectangular
heads 32 of the other three colors (magenta, cyan, and black)
in the paper width direction.

[0073] Specifically, “the position in the paper width direc-
tion of the joint of the first thin rectangular head 32(Y1) (first
yellow nozzle group) and the second thin rectangular head
32(Y2) (second yellow nozzle group) of yellow” deviates on
the back side in the paper width direction from “the position
in the paper width direction of the joint of the first thin
rectangular head 32(M1) (first magenta nozzle group) and the
second thin rectangular head 32(M2) (second magenta nozzle
group) of magenta”, “the position in the paper width direction
of'the joint of the first thin rectangular head 32(C1) (first cyan
nozzle group) and the second thin rectangular head 32(C2)
(second cyan nozzle group) of cyan”, and “the position in the
paper width direction of the joint of the first thin rectangular
head 32(K1) (first black nozzle group) and the second thin
rectangular head 32(K2) (second black nozzle group) of
black™.

[0074] The position of the joint of the yellow thin rectan-
gular heads 32 may deviate on the front side in the paper width
direction from the positions of the joints of the thin rectan-
gular heads 32 of the other three colors (magenta, cyan, and
black).

[0075] The position in the paper width direction of the joint
of'the first thin rectangular head 32(M1) and the second thin
rectangular head 32(M2) of magenta, the position in the paper
width direction of the joint of the first thin rectangular head
32(C1) and the second thin rectangular head 32(C2) of cyan,
and the position in the paper width direction of the joint of the
first thin rectangular head 32(K1) and the second thin rectan-
gular head 32(K2) of black are the same.

[0076] For this reason, in the embodiment, the image part
(joint of image) printed at the joint of the yellow thin rectan-
gular heads 32 is not overlapped with the image parts printed
atthejoints of the thin rectangular heads 32 of magenta, cyan,
and black. Accordingly, as compared with the comparative
example of FIG. 5A in which the positions of the joints of the
thin rectangular heads 32 of all the head groups 31 of four
colors (YMCK) are the same, in the embodiment, it is pos-
sible to reduce the maximum number of overlaps of the image
parts printed at the joints of the thin rectangular heads 32, that
is, the maximum number of overlaps of the image parts at
which the concentration error occurs, from four to three.
[0077] Accordingly, in the embodiment, as compared with
the comparative example of FIG. 5A, it is possible to prevent
the concentration error of the image part printed at the joint of
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the thin rectangular heads 32 from being encouraged, and it is
possible to make the image part printed at the joint of the thin
rectangular heads 32 close to a desired color as possible.
Accordingly, the image part (joint of image) printed at the
joint of the thin rectangular heads 32 is not easily recognized
as a streak taken along the transport direction, and it is pos-
sible to suppress the deterioration of the image quality of the
printed image.

[0078] Inthe embodiment, only the position of the joint of
the yellow thin rectangular heads 32 deviates from the posi-
tions of the joints of the thin rectangular heads 32 of the other
three colors (MCK), and thus it is possible to increase the
printable width in the paper width direction (W3>W2) as
compared with the comparative example of FIG. 5B in which
the positions of the joints of the thin rectangular heads 32 of
four colors (YMCK) deviate from each other.

[0079] For example, the positions of the joints of the thin
rectangular heads 32 of the other colors deviate in the paper
width direction by the length of the overlapped area. Accord-
ingly, as compared with the comparative example of FIG. 5A
in which the positions of the joints of the thin rectangular
heads 32 do not deviate, in the comparative example of FIG.
5B, the printable width of the length of six overlapped areas
becomes short. On the contrary, in the embodiment, as com-
pared with the comparative example of FIG. 5 A, the printable
width of only the length of two overlapped areas becomes
short.

[0080] Accordingly, in the embodiment, it is possible to
effectively use the nozzles belonging to the thin rectangular
heads 32 as compared with the comparative example of FI1G.
5B, it is not necessary to increase the number of thin rectan-
gular heads 32 or to increase the length of the nozzle column,
in order to obtain a desired printable width.

[0081] As described above, in the embodiment, only the
position of the joint of the yellow thin rectangular head 32
deviates from the positions of the joints of the thin rectangular
heads 32 of the other three colors (MCK), and thus it is
possible to expand the printable width in the paper width
direction while suppressing the deterioration of the image
quality of the printed image.

[0082] Possibility that the yellow, magenta, and cyan inks
among the UV inks (YMCK) of four colors are printed to
overlap with each other is high, but possibility that the black
ink is not printed to overlap with the other color inks and is
printed alone is high. For this reason, as described in the
embodiment, it is preferable that the position of the joint of
the thin rectangular heads 32 of yellow that is the color except
the black ink among the UV inks (YMCK) of four colors
deviate from the positions of the joints of the thin rectangular
heads 32 of the other three colors.

[0083] Accordingly, possibility that the image part printed
at the joint of the yellow thin rectangular heads 32 is printed
alone and the image part printed at the joint of the black thin
rectangular heads 32 is printed alone is high, and thus the
image parts printed at the joints of the thin rectangular heads
32 of magenta and cyan are overlapped.

[0084] That is, the position of the joint of the yellow thin
rectangular heads 32 except black deviates from the positions
of'the joints of the thin rectangular heads 32 of the other three
colors, and thus it is possible to further reduce the number
(maximum number) of overlaps of the image parts printed at
the joints of the thin rectangular heads 32, that is, the number
(maximum number) of overlaps of the image parts at which
the concentration error occurs. In other words, it is possible to
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lower possibility that the image parts printed at the joints of
the thin rectangular heads 32 are overlapped.

[0085] The positions of the joints of the thin rectangular
heads 32 do not deviate (that is, in the disposition of the thin
rectangular heads 32 of FIG. 5A), and the UV inks (YMC) of
three colors except black were variously combined to actually
print an image. As a result, on the image printed by only the
yellow ink, it was difficult to recognize the joint of the image,
but on the image printed by overlapping the yellow ink and
the other color inks (MC) are printed to overlap, it was easy to
recognize the joint of the image. Particularly, it was easy to
recognize the joint of the image on a green image printed by
overlapping the yellow ink and the cyan ink.

[0086] Although the reason is not clear, it is thought that the
reason is because the brightness value of the yellow ink is
higher than the brightness value of the magenta ink or the
cyan ink, and thus the yellow ink has a bad influence when it
is printed to overlap with the other color inks or human eyes
are relatively sensitive for green. For example, when the
correction value is calculated for each column area (each area
on medium in which raster line is printed) on the basis of the
actually printed test pattern (to be described later), it is more
difficult to recognize the concentration error of the yellow test
pattern than the test patterns of the other colors, and thus
precision of the correction value of yellow tends to be inferior
to the correction values of the other colors. For this reason, it
is thought that the yellow image printed on the basis of the
correction value with low precision and the images of the
other colors are overlapped and thus it is easy to recognize the
joint of the image.

[0087] Asdescribed in the embodiment, it is preferable that
the position of the joint of the yellow thin rectangular heads
32 among three colors (YMC) except black deviate in the
paper width direction from the positions of the joints of the
thin rectangular heads 32 of the other three colors (MCK).
[0088] Insuch amanner, it is possible to prevent the image
part printed at the joint of the yellow thin rectangular heads 32
from being overlapped with the image part printed at the
joints of the thin rectangular heads 32 of the other three colors
(MCK). As aresult, it is possible to make the image part of the
joint of the thin rectangular heads 32 more invisible, and it is
possible to suppress the deterioration of the image quality of
the printed image. Particularly, it is possible to perform the
printing so as not to overlap the image parts printed at the
joints of the thin rectangular heads 32 of yellow and cyan in
the green image in which the image part printed at the joint of
the thin rectangular heads 32.

[0089] Summarizing the above, in the embodiment, when
the UV inks (YMCK) of four colors ejected by the printer 1
are overlapped with the other color ink, only the position of
the joint of the yellow thin rectangular heads 32 in which the
image part printed at the joint of the thin rectangular heads 32
is easily visible deviates from the positions of the joints of the
thin rectangular heads 32 of the other three colors (MCK),
and thus it is possible to expand the printable width in the
paper width direction while suppressing the deterioration of
the image quality of the printed image.

[0090] The UV ink (light curing ink) has a high viscosity,
and thus does not easily spread and wet on the medium, and
easily becomes round granular. For this reason, when an error
occurs in the amount of ejected ink and the condition of
irradiation of ultraviolet rays, filling of the medium may
deteriorate. For this reason, in the printer 1 using the UV ink,
for example, as shown in FIG. 3B, when the thin rectangular
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heads 32 arranged in the paper width direction are separately
disposed, the filling of the medium by the UV ink may further
deteriorate. Therefore, in the printer 1 (that is, printer in which
ink ejected from nozzles is light curing ink cured by irradia-
tion of light) using the UV ink, as described in the embodi-
ment, it is more effective that the position of the joint of the
yellow thin rectangular heads 32 deviates from the positions
of the joints of the thin rectangular heads 32 of the other
colors.

[0091] In the embodiment, the thin rectangular heads 32
(nozzle column) are arranged in the paper width direction
while overlapping the end portions. For this reason, for
example, as shown in FIG. 3B, even when two thin rectangu-
lar heads 32 arranged in the paper width direction are sepa-
rately disposed, dots are formed by one thin rectangular head
32 (in FIG. 3B, first thin rectangular head 32(1)) of two thin
rectangular heads 32. Therefore, in the embodiment, as com-
pared with the case where the end portions of the thin rectan-
gular heads 32 are not overlapped, it is possible to make the
image part printed at the joint of the thin rectangular heads 32
more invisible, and it is possible to further suppress the dete-
rioration of the image quality of the printed image.

[0092] In the embodiment, the position of the joint (over-
lapped area) of the yellow thin rectangular heads 32 is adja-
centto the positions of the joints (overlapped areas) of the thin
rectangular heads 32 of magenta, cyan, and black. That is, the
position of the joint of the yellow thin rectangular heads 32
deviates in the paper width direction by the length of the
overlapped area from the positions of the joints of the thin
rectangular heads 32 of the other three colors (MCK).

[0093] Specifically, as shown in FIG. 6B, the position devi-
ating on the front side in the paper width direction by the
nozzle distance D from the positions of the joint of the first
thin rectangular head 32(Y1) and the second thin rectangular
head 32(Y?2) of yellow is the positions of the joints of the first
thin rectangular head 32(1) and the second thin rectangular
head 32(2) of magenta, cyan, and black. That is, the position
of'the nozzle #5 ofthe second thin rectangular head 32(Y2) of
yellow is the positions of the nozzles #177 of the first thin
rectangular heads 32(1) of magenta, cyan, and black.

[0094] Insuchamanner, itis possible to shorten the amount
of deviation of the yellow shot head 32 group and the thin
rectangular head 32 groups of the other three colors (MCK) as
possible, that is, it is possible to make the area where the
yellow thin rectangular head 32 group is overlapped with the
thin rectangular head 32 groups of the other three colors as
long as possible, and thus it is possible to expand a printable
width W3 in the paper width direction as possible.

Correction Value H of Concentration Error

[0095] The printer 1 of the embodiment stores a correction
value H calculated for each “column area” that is an area on
the medium forming the raster line (dot column taken along
transport direction) by the test pattern printed on the basis of
the instruction gradation value representing a predetermined
concentration in the memory 13 (corresponding to storage
unit) for each color (YMCK) of ink, and prints an image on
the medium on the basis of the gradation value obtained by
correcting the gradation value (image data) representing the
concentration of the printed image by the correction value H.

[0096] In such a manner, it is possible to reduce the con-
centration error of the image part (joint of image) printed at
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the joint of the thin rectangular heads 32, and it is possible to
further suppress the deterioration of the image quality of the
printed image.

[0097] Itis not limited to the image part printed at the joint
of the thin rectangular heads 32, and the concentration
unevenness occurs on the printed image even by a problem of
process precision of nozzles (variation of amount of ejected
ink or ink landing position). That is, the concentration error
may occur except the image part printed at the joint of the thin
rectangular heads 32. Accordingly, for each column area, it is
possible to correct the concentration error (concentration
unevenness) over the whole of the printed image by the cor-
rection value H for each color (YMCK) of ink.

[0098] However, as described above, the concentration
error of the joint of the image occurring by the difference of
the relative position relationship of the thin rectangular heads
32 is regular, and thus can be corrected by the correction value
H. However, the concentration error of the joint of the image
occurring by the skewing transport of the medium is not
regular, and thus there is a limit to correct the concentration
error by the correction value H. However, in the printer 1 of
the embodiment, the position of the joint of the yellow thin
rectangular head 32 deviates from the positions of the joints
of'the thin rectangular heads 32 of the other three colors, and
thus it is possible to prevent the concentration error of the
joint of the image occurring by the skewing transport of the
medium from being encouraged.

[0099] As described above, the concentration error of the
yellow test pattern is not easily recognized as compared with
the other color test pattern, and precision of the correction
value H of yellow tends to be lower than the correction values
H of'the other colors. However, in the printer 1 of the embodi-
ment, the position of the joint of the yellow thin rectangular
heads 32 deviates from the positions of the joints of the thin
rectangular heads 32 of the other three colors, and thus it is
possible to make the joint of the image invisible even in the
case of the image using the yellow ink.

Method of Calculating Correction Value H

[0100] Hereinafter, a method of calculating the correction
value H of the concentration error for each color (YMCK) of
ink will be described. It is preferable that the correction value
H be calculated for each printer 1 in the production process or
at the time of maintenance of the printer 1. Herein, the cor-
rection value H is calculated according to a correction value
calculating program installed in a computer connected to the
printer 1 at the time of calculating the correction value H.
[0101] FIG. 7 is a diagram illustrating a test pattern of any
color. First, the correction value calculating program causes
the printer 1 to print a test pattern for each of four color UV
inks (YMCK).

[0102] The test pattern is formed of stripe-shaped patterns
of'three kinds of concentrations, and each of the stripe-shaped
patterns of three kinds of concentrations is formed from the
image data of a constant gradation value. The image data is
formed of 2-dimensionally arranged pixels, and the concen-
trations indicated by the pixels are represented by multi-stage
gradation values (0 to 255). Herein, the concentration of the
pixel gets lower as the gradation value gets smaller, and the
concentration of the pixel gets higher as the gradation value
gets larger.

[0103] The gradation value to form the stripe-shaped pat-
tern is called an instruction gradation value, the instruction
gradation value of the stripe-shaped pattern of concentration
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of 30% is represented by Sa(76), the instruction gradation
value of the stripe-shaped pattern of concentration of 50% is
represented by Sb(128), and the instruction gradation value of
the stripe-shaped pattern of concentration of 70% is repre-
sented by Sc(179).

[0104] The printer 1 of the embodiment ejects the ink from
the nozzles while transporting the medium S in the transport
direction with respect to the head groups 31, to print the
image (test patter). Accordingly, the test pattern becomes an
image in which the raster lines printed by the nozzles belong-
ing to the printable area are arranged in the paper width
direction. For example, when the number of nozzles belong-
ing to the printable area is N, the test pattern is formed of N
raster lines arranged in the paper width direction. In other
words, the test pattern is formed of N column areas. In N
column areas constituting the test pattern, small number (1 to
N) are attached in order from the column area on the back side
in the paper width direction.

[0105] FIG. 8is adiagramillustrating a reading result of the
cyan test pattern by a scanner. The horizontal axis represents
the column area numbers (1 to N), and the vertical axis
represents the reading gradation value (concentration) of the
column areas. Hereinafter, the cyan reading result will be
described by way of example.

[0106] After the printer 1 prints the test pattern, the correc-
tion value calculating program acquires the result (reading
data) obtained by reading the test pattern by the scanner.
Herein, on the reading data and on the image data, a direction
corresponding to the paper width direction of the medium is
an X direction, and a direction corresponding to the transport
direction of the mediumis a’Y direction. On the data, columns
of pixels arranged in the Y direction (transport direction of
medium) are called “pixel columns”.

[0107] Then, the correction value calculating program
associates, one to one, the “pixel columns” on the reading
data of the test pattern with the “column areas” on the medium
on which the test pattern is printed. The correction value
calculating program calculates the reading gradation value
(concentration) of each column area, for each stripe-shaped
pattern (three kinds of concentrations). Specifically, the cor-
rection value calculating program calculates an average value
of the reading gradation values indicated by the pixels corre-
sponding to the stripe-shaped pattern of any instruction gra-
dation value (for example, Sb) among the pixels belonging to
the pixel column corresponding to any column area i, and the
calculated average value is the reading gradation value (con-
centration) of the instruction gradation value (for example,
Sb) of any column area i.

[0108] As aresult, it is possible to obtain the reading result
shown in FIG. 8. Even though each stripe-shaped pattern is
uniformly printed by each instruction gradation value (Sa, Sb,
and Sc), variation occurs in the reading gradation value (con-
centration) for each column area. For example, in the graph
shown in FIG. 8, the reading gradation value Cbi of the i
column area is relatively smaller than the reading gradation
value of the other column area and is faintly recognized, and
the reading gradation value Cbj of the j column area is rela-
tively higher than the reading gradation value of the other
column area and is thickly recognized. The variation of the
reading gradation values of the column areas 1 to N is the
concentration error (concentration unevenness) occurring on
the printed image.

[0109] Accordingly, the reading gradation values of the
column areas 1 to N are close to a constant value, and thus it
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is possible to improve the concentration error of the image
part printed at the joint of the thin rectangular heads 32 or the
concentration error occurring by the problem in process pre-
cision of nozzles.

[0110] For this reason, for example, the average value Cbt
of'the reading gradation values ofthe whole column areas 1 to
N in the same instruction gradation value (for example, Sb) is
set to a “target value Cbt”. The correction value H for cor-
recting the image data (gradation value) corresponding to the
column areas 1 to N is calculated such that the reading gra-
dation values of the column areas 1 to N when the printing is
performed by the instruction gradation value Sb is close to the
target value Cbt.

[0111] Specifically, the gradation value indicated by the
image data corresponding to the column area i with the read-
ing gradation value smaller than the target value Cbt is cor-
rected to a gradation value (higher gradation value) larger
than the instruction gradation value Sb. Meanwhile, the gra-
dation value indicated by the image data corresponding to the
column area j with the reading gradation value larger than the
target value Cbt is corrected to a gradation value (lower gra-
dation value) smaller than the instruction gradation value Sb.
As described above, the gradation value corrected from the
instruction gradation value Sb such that the reading gradation
values of the column areas 1 to N are the target value Cbt is
called “target instruction gradation value Sht”.

[0112] FIG. 9A is a diagram illustrating a form of calculat-
ing the target instruction gradation value Sbt of the column
area 1 with the reading gradation value Cbi smaller than the
target value Cbt, and FIG. 9B is a diagram illustrating a form
of calculating the target instruction gradation value Sbt of the
column area j with the reading gradation value Cbj larger than
the target value Cbt. The horizontal axis represents the
instruction gradation value, and the vertical axis represents
the reading gradation value of the test pattern. In the graphs,
the results of the reading gradation values (Cai, Cbi, and Cci)
for the instruction gradation values (Sa, Sb, and Sc) are plot-
ted.

[0113] As shown in FIG. 9A, the target instruction grada-
tion value Sbt in which the column area i is represented in the
target value Cbt with respect to the instruction gradation value
Shis calculated by the following formula (linear interpolation
based on straight line BC).

Sbt=Sb+{(Sc-Sh)x(Cht-Chi)/(Cei-Chi)}

[0114] Similarly, as shown in FIG. 9B, the target instruc-
tion gradation value Sbt in which the column area j is repre-
sented in the target value Cbt with respect to the instruction
gradation value Sb is calculated by the following formula
(linear interpolation based on straight line AB).

Sbr=Sa+{(Sb-Sa)x(Cbt-Caj)/(Chj-Caj)}

[0115] In such a manner, the correction value calculating
program calculates the target instruction gradation value Sbt
for the instruction gradation value Sb for each of the column
areas 1 to N, and then calculates the cyan correction value Hb
for the instruction gradation value Sb of each of the column
areas 1 to N.

Hb=(Sht-Sh)/Sh

[0116] The correction value calculating program calculates
the correction value H of each of the column areas 1 to N with
respect to the other instruction gradation values (Sa and Sc)
and the other colors (YMK). That is, the correction value
calculating program calculates the correction value H for
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each of the instruction gradation values (Sa, Sbh, and Sc) for
each of' the ink colors (YMCK) for each of the column areas
(1to N).

[0117] FIG. 10 is a diagram illustrating a correction value
table. The correction value calculating program summarizes
the calculated correction values H for each of the ink colors
(YMCK) in the correction value table. In the correction value
table, three instruction gradation values (Sa, Sh, and Sc) are
associated with the correction values (Ha, Hb, and Hc) for
each of the column areas (1 to N). The correction value
calculating program stores the correction value table in the
memory 13 ofthe printer 1. Thereafter, the printer 1 is shipped
to the user.

Concentration Correcting Process by Correction Value H

[0118] The user installs a printer driver in the computer
connected to the printer 1 at the start of using the printer 1.
The printer driver acquires the correction value table (FIG.
10) stored in the memory 13 of the printer 1.

[0119] When the printer driver receives image data for
printing of the printer 1 from various application programs,
the printer driver creates printing data for performing the
printing of the printer 1. First, the printer driver converts a
resolution of the received image data into a printing resolu-
tion at the time of printing of the printer 1 by a resolution
conversion process. Then, the printer driver converts the
image data that is RGB data into YMCK data corresponding
to the color of the inks provide in the printer 1 by a color
conversion process.

[0120] Thereafter, the printer driver corrects the gradation
values (0 to 255) indicated by the pixels constituting the
image data on the basis of the correction value H for each
column area, for each color, and for each instruction grada-
tion value, with reference to the correction value table.

[0121] When a gradation value S_in before correction indi-
cated by the pixels is the same as one of the instruction
gradation values Sa, Sb, and Sc, it is possible to apply the
correction values Ha, Hb, and Hc stored in the correction
value table, as they are. For example, when the gradation
value S_in before correction is Sc, a gradation value S_out
after correction is acquired by the following formula.

S_out=S_inx(1+Hc)

[0122] FIG. 11 is a diagram illustrating a form of calculat-
ing the correction value H_out corresponding to the gradation
value S_in before correction with respect to the x-th column
area of cyan. The horizontal axis represents the gradation
value S_in before correction, and the vertical axis represents
the correction value H_out corresponding to the gradation
value S_in before correction. When the gradation value S_in
before correction is different from the instruction gradation
values (Sa, Sb, and Sc), first, the printer driver calculates the
correction value H_out corresponding to the gradation value
S_in before correction.

[0123] For example, as shown in FIG. 11, the gradation
value S_in before correction is between the instruction gra-
dation values Sa and Sb, the printer driver calculates the
correction value H_out corresponding to the gradation value
S_in before correction, by the linear interpolation of the cor-
rection value Ha corresponding to the instruction gradation
value Sa and the correction value Hb corresponding to the
instruction gradation value Sb. Then, the gradation value S_in
is corrected by the calculated correction value H_out.
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H_out=Ha+{(Hb-Ha)x(S_in-Sa)/(Sb-Sa)}

S_out=S_inx(1+H_out)

[0124] When the gradation value S_in before correction is
smaller than the instruction gradation value Sa, the correction
value H_out is calculated by the linear interpolation of the
minimum gradation value 0 and the instruction gradation
value Sa. When the gradation value S_in before correction is
larger than the instruction gradation value Sc, the correction
value H_out is calculated by the linear interpolation of the
instruction gradation value Sc and the maximum gradation
value 255.

[0125] Insuchamanner, the gradation value S_in indicated
by the pixels corresponding to the column area in which the
concentration is faintly recognized is corrected to the large
gradation value S_out, and the gradation value S_in indicated
by the pixels corresponding to the column area in which the
concentration is thickly recognized is corrected to the small
gradation value S_out.

[0126] Thereafter, the printer driver converts the image data
(gradation value S_out) corrected on the basis of the correc-
tion value H from data of a large number of gradations (0 to
255) into data of a smaller number of gradations which can be
expressed by the printer 1, by a halftone process. Lastly, the
printer driver sorts the image data in matrix in order of trans-
mission to the printer 1 by a rasterization process, and trans-
mits the image data to the printer 1.

[0127] The printer 1 performs printing on the basis of the
received printing data. In such a manner, it is possible to
improve the concentration error of the image printed by the
printer 1. The process of the printer driver may be performed
by the controller 10 provided in the printer 1.

Modified Example

[0128] FIG. 12A and FIG. 12B are diagrams illustrating a
modified example of disposition of the thin rectangular heads
32. In the embodiment (FIG. 6A and FIG. 6B) described
above, the position of the joint of the yellow thin rectangular
heads 32 deviates from the positions of the joints of the thin
rectangular heads 32 of magenta, cyan, and black, the inven-
tion is not limited thereto. For example, as shown in FIG.
12A, the position of the joint of the yellow thin rectangular
head 32 deviates from the positions of the joints of the thin
rectangular heads 32 of magenta and cyan, but the position of
the joint of the yellow thin rectangular heads 32 may be the
same as the position of the joint of the black thin rectangular
heads 32.

[0129] Even in this case, it is possible to prevent the image
part printed at the joint of the yellow thin rectangular heads 32
from being overlapped with the image parts printed at the
joints of the thin rectangular heads 32 of magenta and cyan.
Possibility that the yellow image and the black image are
printed to overlap is low. Accordingly, it is possible to make
the image part printed at the joint of the thin rectangular heads
32 invisible.

[0130] In the modified example, since the position of the
joint of the yellow thin rectangular heads 32 is the same as the
position of the joint of the black thin rectangular heads 32, the
printable width W3 in the paper width direction is as
described in the embodiment (FIG. 6A and FIG. 6B)
described above. In the modified example, it is possible to
disperse the positions of the joints of the thin rectangular
heads 32 of four colors (YMCK), by each two colors, in the
paper width direction, and thus the maximum number of
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overlaps of the image parts printed at the joints of the thin
rectangular heads 32 can be two.

[0131] In the embodiment, the end portions of the thin
rectangular heads 32 (nozzle columns) are overlapped, but the
invention is not limited thereto, and the end portions of the
thin rectangular heads 32 (nozzle columns) may not be over-
lapped. For example, as shown in FIG. 12B, the thin rectan-
gular heads 32 may be disposed such that a distance in the
paper width direction between the end portion nozzle #180 on
the most front side of the thin rectangular head (for example,
32(Y1)) on the back side in the paper width direction and the
end portion nozzle #1 on the most back side of the thin
rectangular head (for example, 32(Y2)) onthe back side inthe
paper width direction out of two thin rectangular heads (for
example, 32(Y1) and 32(Y?2)) arranged in the paper width
direction is the nozzle distance D.

[0132] Inthis case, the end portion nozzle #180 on the most
front side of the thin rectangular head (for example, 32(Y1))
on the back side in the paper width direction and the end
portion nozzle #1 on the most back side of the thin rectangular
head (for example, 32(Y2)) on the back side in the paper
width direction correspond to the joint of the thin rectangular
heads 32, and the concentration error easily occur at the
image part printed at the joint. Accordingly, as shown in FIG.
12B, the position of the joint of the yellow thin rectangular
heads 32 deviates from the positions of the joints of the thin
rectangular heads 32 of magenta, cyan, and black, and thus it
is possible to expand the printable width in the paper width
direction while suppressing the deterioration of the image
quality of the printed image.

[0133] In the embodiment described above, as shown in
FIG. 6B, the position of the joint of the yellow thin rectangu-
lar head 32 is adjacent to the positions of the joints of the thin
rectangular heads 32 of the other three colors, but the inven-
tion is not limited thereto, and the position of the joint of the
yellow thin rectangular heads 32 may be separated from the
positions of the joints of the thin rectangular heads 32 of the
other three colors. For example, the joints of the first thin
rectangular heads 32(1) and the second thin rectangular heads
32(2) of magenta, cyan, and black may be positioned at the
center (for example, in the vicinity of nozzle #90) in the paper
width direction of the second thin rectangular heads 32(Y2)
of yellow.

[0134] The printer 1 described above ejects the inks of four
colors (YMCK), but the invention is not limited thereto, and
may be a printer that ejects the yellow, magenta, and cyan inks
of three colors and does not eject the black ink. Even in this
case, the positions of the joints of the thin rectangular heads
32 of magenta and cyan deviate from the position of the joint
of the yellow thin rectangular heads 32, and the positions of
the joints of the thin rectangular heads 32 of magenta and
cyan are the same.

OTHER EMBODIMENTS

[0135] The embodiments described above mainly describe
the printing apparatus, but include disclosure of the printing
method and the like. The embodiments described above are
provided to facilitate understanding of the invention, but not
to limit the scope of the invention to those embodiments. The
invention may be modified and improved without deviating
from the concept thereof, and it is obvious that the invention
includes equivalents thereof.
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Printer

[0136] In the embodiment described above, the printer 1
which ejects the ink from the head groups 31 (nozzles) when
the medium S passes under the fixed head groups 31 is exem-
plified, but the invention is not limited thereto. For example,
the printer 1 may be a printer in which an operation of ejecting
ink from a head moving along a movement direction and a
transport operation of transporting a medium in a transport
direction crossing the movement direction are repeated. For
example, the printer 1 may be a printer in which an operation
of forming an image while moving a head in a transport
direction of a medium and an operation of moving the head in
the paper width direction are repeated to form an image, and
then a medium part on which the printing has not been per-
formed yet is transported to a printing area.

Ink

[0137] In the embodiment described above, the ultraviolet
curing ink (UV ink) is exemplified as the ink used in the
printer 1, but the invention is not limited thereto. For example,
the ink used in the printer 1 may be ink cured by irradiation of
visible rays, or may be aqueous ink or organic-solvent-based
ink permeating a medium.

What is claimed is:

1. A printing apparatus comprising:

a first yellow nozzle group in which a plurality of nozzles
ejecting a yellow ink are arranged in a predetermined
direction;

a second yellow nozzle group in which a plurality of
nozzles ejecting a yellow ink are arranged in a predeter-
mined direction and which is disposed to be offset from
the first yellow nozzle group in the predetermined direc-
tion;

a first magenta nozzle group in which a plurality of nozzles
ejecting a magenta ink are arranged in the predetermined
direction;

a second magenta nozzle group in which a plurality of
nozzles ejecting a magenta ink are arranged in the pre-
determined direction and which is disposed to be offset
from the first magenta nozzle group in the predeter-
mined direction;

a first cyan nozzle group in which a plurality of nozzles
ejecting a cyan ink are arranged in the predetermined
direction;

a second cyan nozzle group in which a plurality of nozzles
ejecting a cyan ink are arranged in the predetermined
direction and which is disposed to be offset from the first
cyan nozzle group in the predetermined direction; and

acontrol unit that controls to eject the inks from the nozzles
while relatively moving the nozzle groups and a medium
in a direction crossing the predetermined direction, and
to print an image on the medium,

wherein a position of a joint of the first yellow nozzle group
and the second yellow nozzle group in the predeter-
mined direction is offset from a position of a joint of the
first magenta nozzle group and the second magenta
nozzle group in the predetermined position and a posi-
tion of a joint of the first cyan nozzle group and the
second cyan nozzle group in the predetermined position,
and

wherein the position of the joint of the first magenta nozzle
group and the second magenta nozzle group in the pre-
determined position is the same as the position of the
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joint of the first cyan nozzle group and the second cyan
nozzle group in the predetermined direction.

2. The printing apparatus according to claim 1, further

comprising:

a first black nozzle group in which a plurality of nozzles
gjecting a black ink are arranged in the predetermined
direction; and

a second black nozzle group in which a plurality of nozzles
gjecting a black ink are arranged in the predetermined
direction and which is disposed to be offset from the first
black nozzle group in the predetermined direction,

wherein a position of a joint of the first black nozzle group
and the second black nozzle group in the predetermined
direction is the same as a position of a joint of the first
magenta nozzle group and the second magenta nozzle
group in the predetermined position and a position of a
joint of the first cyan nozzle group and the second cyan
nozzle group in the predetermined position.

3. The printing apparatus according to claim 1, wherein the
ink ejected from the nozzles is a light-curing ink that is cured
by irradiation of light.

4. The printing apparatus according to claim 1, further
comprising:

a storage unit that stores a correction value calculated for
each column area that is an area on the medium on which
a dot column is formed along the intersection direction
by a test pattern printed on the basis of an instruction
gradation value representing a predetermined concen-
tration, for each color of ink,

wherein an image is printed on the medium on the basis of
a gradation value obtained by correcting a gradation
value representing a concentration of a printed image
with the correction value.

5. A printing method of a printing apparatus including a
first yellow nozzle group in which a plurality of nozzles
ejecting a yellow ink are arranged in a predetermined direc-
tion, a second yellow nozzle group in which a plurality of
nozzles ejecting a yellow ink are arranged in the predeter-
mined direction and which is disposed to be offset from the
first yellow nozzle group in the predetermined direction, a
first magenta nozzle group in which a plurality of nozzles
ejecting a magenta ink are arranged in the predetermined
direction, a second magenta nozzle group in which a plurality
of nozzles ejecting a magenta ink are arranged in the prede-
termined direction and which is disposed to be offset from the
first magenta nozzle group in the predetermined direction, a
first cyan nozzle group in which a plurality of nozzles ejecting
a cyan ink are arranged in the predetermined direction, and a
second cyan nozzle group in which a plurality of nozzles
ejecting a cyan ink are arranged in the predetermined direc-
tion and which is disposed to be offset from the first cyan
nozzle group in the predetermined direction, in which a posi-
tion of a joint of the first yellow nozzle group and the second
yellow nozzle group in the predetermined direction is offset
from a position of a joint of the first magenta nozzle group and
the second magenta nozzle group in the predetermined posi-
tion and a position of a joint of the first cyan nozzle group and
the second cyan nozzle group in the predetermined position,
and in which the position of the joint of the first magenta
nozzle group and the second magenta nozzle group in the
predetermined position is the same as the position of the joint
of the first cyan nozzle group and the second cyan nozzle
group in the predetermined direction,
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wherein the inks are ejected from the nozzles while the
nozzle groups and a medium are moved relatively in a
direction crossing the predetermined direction, to print
an image on the medium.

#* #* #* #* #*
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