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APPARATUS FOR OPTIMIZING
NON-EJECTION CORRECTION
PARAMETER OF INK-JET HEAD, AND
INK-JET PRINTER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an apparatus and
method for optimizing a non-ejection correction parameter of
an ink-jet head, an image recording apparatus and method, a
test chart, and an ink-jet printer.

[0003] 2. Description of the Related Art

[0004] When an ink-jet head is used for drawing in an
ink-jet recording apparatus for a long period of time, some
nozzles come into a non-ejection state due to clogging or
breakdown. Particularly in a case of drawing in a single-pass
method, the position of a non-ejection nozzle appears as a
white stripe, and thus needs to be corrected.

[0005] Japanese Patent Application Laid-Open No. 2012-
71474 discloses a technique for determining a correction
parameter for non-ejection correction that varies with a dif-
ference in a landing interference pattern based on an arrange-
ment form of a plurality of nozzles on a head, and correspon-
dence information indicating a correspondence relation
between a plurality of types of landing interference patterns
and respective nozzles corresponding to a landing interfer-
ence causing factor including a landing order of ejected drop-
lets defined from a relative movement direction between the
head and a recording medium.

[0006] In Japanese Patent Application Laid-Open No.
2012-71474, correction parameters for non-ejection correc-
tion are referred to based on the positional information of the
non-egjection nozzle, and a corrective calculation of input
image data using the corresponding correction parameter is
performed to generate image data modified so as to compen-
sate for the output of a non-ejection nozzle by use of nozzles
other than the non-ejection nozzle.

[0007] Accordingly, the non-ejection correction parameter
can be obtained in consideration of the influence of landing
interference of droplets ejected from the other nozzles around
the non-ejection nozzle on the recording medium. Correcting
performance is further improved by performing non-ejection
correction by use of the parameter.

[0008] In Japanese Patent Application Laid-Open No.
2012-71474, it is assumed that “optimum non-ejection cor-
rection parameters for the nozzles included in the same group
can be considered to be equal to each other”. However, the
assumption does not hold true with respect to all the nozzles
in actual cases. Variation in the optimum value of the non-
ejection correction parameter between respective nozzles is
increased depending on, for example, variation in a landing
position error of ink ejected from each nozzle between
respective nozzles or variation in the amount of ejected ink. If
the same parameter is applied to the nozzle group having
variation in the optimum value as described above, stripe
unevenness is caused due to excess correction or deficient
correction.

[0009] To solve the problem in Japanese Patent Application
Laid-Open No. 2012-71474, individual non-ejection correc-
tion parameters for all the nozzles need to be optimized.
However, there are a large number of nozzles (thousands to
ten thousands) in a single-pass system. A technique for opti-
mizing all the parameters thus needs to be an efficient opti-
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mizing method. As the efficiency of the optimizing method is
lower, a longer processing time or a larger number of test
chart sheets is required.

SUMMARY OF THE INVENTION

[0010] The presentinvention has been made in view of such
circumstances, and an object thereof is to provide an appara-
tus and method for optimizing a non-ejection correction
parameter of an ink-jet head which enable efficient optimiza-
tion of the non-ejection correction parameter for each nozzle,
an image recording apparatus and method, and a test chart.
[0011] To achieve the above object, an apparatus for opti-
mizing a non-ejection correction parameter of an ink-jet head
according to one aspect includes: a test chart data generating
device which generates test chart data based on a non-ejection
correction parameter for each of a plurality of nozzles pro-
vided on the ink-jet head; a read data acquiring device which
acquires read data of a test chart recorded on a recording
medium by ejecting ink from the plurality of nozzles based on
the test chart data while relatively moving the ink-jet head and
the recording medium; an evaluating device which evaluates
a correction intensity of the non-ejection correction param-
eter for each of the nozzles based on the acquired read data; a
parameter updating device which updates the non-ejection
correction parameter for each of the nozzles based on a single
variable root-finding algorithm using iteration method from
the evaluated correction intensity; a controlling device which
optimizes the non-ejection correction parameter for each of
the nozzles by repeatedly executing the operations of the test
chart data generating device, the read data acquiring device,
the evaluating device, and the parameter updating device; and
an outputting device which outputs the optimized non-ejec-
tion correction parameter for each of the nozzles.

[0012] Inaccordance with the present aspect, the non-ejec-
tion correction parameter for each of the nozzles is optimized
by repeatedly executing the operations of generating the test
chart data based on the non-ejection correction parameter for
each of the plurality of nozzles provided on the ink-jet head;
acquiring the read data of the test chart recorded on the
recording medium by ejecting ink from the plurality of
nozzles based on the test chart data while relatively moving
the ink-jet head and the recording medium; evaluating the
correction intensity of the non-ejection correction parameter
for each of the nozzles based on the acquired read data; and
updating the non-ejection correction parameter for each of
the nozzles based on the single variable root-finding algo-
rithm using iteration method from the evaluated correction
intensity, so that the non-ejection correction parameter for
each of the nozzles can be efficiently optimized. Accordingly,
the non-ejection correction parameters for all the nozzles can
be calculated within a shorter processing time and with a
smaller number of test chart sheets. The performance of non-
ejection correction is also improved.

[0013] Preferably, Brent’s method may be employed as the
single variable root-finding algorithm using iteration method.
Accordingly, convergence stability and convergence effi-
ciency can be improved.

[0014] The controlling device (one example of a determin-
ing device) may repeatedly execute the operations up to a
predetermined number of times. The apparatus for optimizing
a non-gjection correction parameter of an ink-jet head may
further include a determining device which determines
whether or not the evaluated correction intensity is smaller
than a predetermined value, wherein the operations are
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repeatedly executed until the evaluated correction intensity is
determined to be smaller than the predetermined value.
Accordingly, the non-ejection correction parameter can be
appropriately optimized.

[0015] Preferably, the test chart may have a simulated non-
ejection region formed by a first nozzle, a non-ejection cor-
rection region formed by second nozzles on both sides of the
first nozzle, and a constant-density region formed by a third
nozzle other than the first nozzle and the second nozzles, a
plurality of stages in each of which the simulated non-ejec-
tion regions are arranged at a predetermined interval in a first
direction being arranged in a second direction perpendicular
to the first direction, and the simulated non-ejection regions in
the plurality of stages being arranged at different positions
from each other with respect to the first direction, and the test
chart data may be data which does not cause the first nozzle to
eject ink, causes the third nozzle to eject ink at an instruction
value of a predetermined density, and causes the second
nozzles to eject ink at an instruction value obtained by cor-
recting the instruction value of the predetermined density
based on the non-ejection correction parameter of the first
nozzle adjacent thereto. Accordingly, the correction intensity
of'the non-ejection correction parameter can be appropriately
evaluated.

[0016] The test chart may further have a reference region
stage obtained by causing all the nozzles to eject ink at the
instruction value of the predetermined density. Accordingly,
the correction intensity of the non-ejection correction param-
eter can be appropriately evaluated.

[0017] Preferably, the correction intensity may be a difter-
ence between a density value of the read data around the
simulated non-ejection region and a density value of the pre-
determined density. Accordingly, the correction intensity of
the non-ejection correction parameter can be appropriately
evaluated.

[0018] Preferably, the non-ejection correction parameter
for each of the nozzles may be provided with respect to each
density, and the controlling device may optimize the non-
ejection correction parameter at the instruction value of the
predetermined density. Accordingly, the non-ejection correc-
tion parameter can be appropriately optimized with respect to
each density.

[0019] The non-ejection correction parameter for each of
the nozzles may be composed of a plurality of parameters
expressed with a common variable, and the parameter updat-
ing device may update the common variable. Accordingly, the
non-egjection correction parameter having the plurality of
parameters expressed with the common variable can be opti-
mized.

[0020] To achieve the above object, an ink-jet printer
according to one aspect includes: an ink-jet head which is
provided with a plurality of nozzles for ejecting ink; and an
apparatus for optimizing a non-ejection correction parameter
of the ink-jet head, wherein the apparatus for optimizing a
non-ejection correction parameter is the apparatus defined in
any one of the above aspects.

[0021] To achieve the above object, an image recording
apparatus according to one aspect includes: an ink-jet head
which is provided with a plurality of nozzles for ejecting ink;
a moving device which relatively moves the ink-jet head and
a recording medium; a recording controlling device which
performs recording on the recording medium by ejecting ink
from the plurality of nozzles while relatively moving the
ink-jet head and the recording medium; a test chart data
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generating device which generates test chart data based on a
non-ejection correction parameter for each of the plurality of
nozzles provided on the ink-jet head; a test chart recording
device which records a test chart on the recording medium
based on the test chart data; a read data acquiring device
which acquires read data of the test chart recorded on the
recording medium; an evaluating device which evaluates a
correction intensity of the non-ejection correction parameter
for each of the nozzles based on the acquired read data; a
parameter updating device which updates the non-ejection
correction parameter for each of the nozzles based on a single
variable root-finding algorithm using iteration method from
the evaluated correction intensity; a controlling device which
optimizes the non-ejection correction parameter for each of
the nozzles by repeatedly executing the operations of the test
chart data generating device, the read data acquiring device,
the evaluating device, and the parameter updating device; an
outputting device which outputs the optimized non-ejection
correction parameter for each of the nozzles; a non-ejection
nozzle identifying device which identifies a non-ejection
nozzle from the plurality of nozzles; a data acquiring device
which acquires image data recorded on the recording
medium; and a non-ejection correcting device which per-
forms non-ejection correction of the identified non-ejection
nozzle with respect to the acquired image data, the non-
ejection correcting device performing the non-ejection cor-
rection based on the non-ejection correction parameter of the
non-ejection nozzle.

[0022] Inaccordance with the present aspect, the non-ejec-
tion correction parameter for each of the nozzles is optimized
by repeatedly executing the operations of generating the test
chart data based on the non-ejection correction parameter for
each of the plurality of nozzles provided on the ink-jet head;
acquiring the read data of the test chart recorded on the
recording medium by ejecting ink from the plurality of
nozzles based on the test chart data while relatively moving
the ink-jet head and the recording medium; evaluating the
correction intensity of the non-ejection correction parameter
for each of the nozzles based on the acquired read data; and
updating the non-ejection correction parameter for each of
the nozzles based on the single variable root-finding algo-
rithm using iteration method from the evaluated correction
intensity, so that the non-ejection correction parameter for
each of the nozzles can be efficiently optimized. Also, the
non-ejection nozzle is identified from the plurality of nozzles,
and when the non-ejection correction of the non-ejection
nozzle identified by acquiring the image data recorded on the
recording medium is performed, the non-ejection correction
is performed based on the optimized non-ejection correction
parameter. Thus, the non-ejection correction can be optimally
performed with respect to all the nozzles.

[0023] The image recording apparatus may further include
an image reading device which reads the test chart recorded
on the recording medium based on the test chart data, and
generates the read data. Accordingly, recording to reading of
the test chart can be automatically performed.

[0024] The image recording apparatus may further include
a non-ejection correction parameter storing device which
stores the optimized non-ejection correction parameter for
each of the nozzles. Accordingly, the non-ejection correction
can be always appropriately performed.

[0025] To achieve the above object, a method for optimiz-
ing a non-ejection correction parameter of an ink-jet head
according to one aspect includes: a test chart data generating



US 2014/0071191 Al

step of generating test chart data based on a non-ejection
correction parameter for each of a plurality of nozzles pro-
vided on the ink-jet head; a read data acquiring step of acquir-
ing read data of a test chart recorded on a recording medium
by ejecting ink from the plurality of nozzles based on the test
chart data while relatively moving the ink-jet head and the
recording medium; an evaluating step of evaluating a correc-
tion intensity of the non-ejection correction parameter for
each of the nozzles based on the acquired read data; a param-
eter updating step of updating the non-ejection correction
parameter for each of the nozzles based on a single variable
root-finding algorithm using iteration method from the evalu-
ated correction intensity; a controlling step of optimizing the
non-ejection correction parameter for each of the nozzles by
repeatedly executing the operations of the test chart data
generating step, the read data acquiring step, the evaluating
step, and the parameter updating step; and an outputting step
of outputting the optimized non-ejection correction param-
eter for each of the nozzles.

[0026] Inaccordance with the present aspect, the non-ejec-
tion correction parameter for each of the nozzles is optimized
by repeatedly executing the operations of generating the test
chart data based on the non-ejection correction parameter for
each of'the plurality of nozzles provided on the ink-jet head;
acquiring the read data of the test chart recorded on the
recording medium by ejecting ink from the plurality of
nozzles based on the test chart data while relatively moving
the ink-jet head and the recording medium; evaluating the
correction intensity of the non-ejection correction parameter
for each of the nozzles based on the acquired read data; and
updating the non-ejection correction parameter for each of
the nozzles based on the single variable root-finding algo-
rithm using iteration method from the evaluated correction
intensity, so that the non-ejection correction parameter for
each of the nozzles can be efficiently optimized. Accordingly,
the non-ejection correction parameters for all the nozzles can
be calculated within a shorter processing time and with a
smaller number of test chart sheets. The performance of non-
ejection correction is also improved.

[0027] Also, to achieve the above object, a program for
optimizing a non-ejection correction parameter of an ink-jet
head according to one aspect causes a computer to execute the
respective steps of the method for optimizing a non-ejection
correction parameter of an ink-jet head. The program which
causes a computer to execute the respective steps of the
method for optimizing a non-ejection correction parameter of
an ink-jet head is also included in the present aspect.

[0028] To achieve the above object, an image recording
method according to one aspect includes: a recording con-
trolling step of performing recording on a recording medium
by ejecting ink from a plurality of nozzles for ejecting ink
provided on an ink-jet head while relatively moving the ink-
jet head and the recording medium; a test chart data generat-
ing step of generating test chart data based on a non-ejection
correction parameter for each of the plurality of nozzles pro-
vided on the ink-jet head; a test chart recording step of record-
ing a test chart on the recording medium based on the test
chart data; a read data acquiring step of acquiring read data of
the test chart recorded on the recording medium; an evaluat-
ing step of evaluating a correction intensity of the non-ejec-
tion correction parameter for each of the nozzles based on the
acquired read data; a parameter updating step of updating the
non-egjection correction parameter for each of the nozzles
based on a single variable root-finding algorithm using itera-
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tion method from the evaluated correction intensity; a con-
trolling step of optimizing the non-ejection correction param-
eter for each of the nozzles by repeatedly executing the
operations of the test chart data generating step, the read data
acquiring step, the evaluating step, and the parameter updat-
ing step; an outputting step of outputting the optimized non-
ejection correction parameter for each of the nozzles; a non-
ejection nozzle identifying step of identifying a non-ejection
nozzle from the plurality of nozzles; a data acquiring step of
acquiring image data recorded on the recording medium; and
a non-ejection correcting step of performing non-ejection
correction of the identified non-ejection nozzle with respect
to the acquired image data, and in the non-ejection correcting
step, the non-ejection correction being performed based on
the non-ejection correction parameter of the non-ejection
nozzle.

[0029] Inaccordance with the present aspect, the non-ejec-
tion correction parameter for each of the nozzles is optimized
by repeatedly executing the operations of generating the test
chart data based on the non-ejection correction parameter for
each of the plurality of nozzles provided on the ink-jet head;
acquiring the read data of the test chart recorded on the
recording medium by ejecting ink from the plurality of
nozzles based on the test chart data while relatively moving
the ink-jet head and the recording medium; evaluating the
correction intensity of the non-ejection correction parameter
for each of the nozzles based on the acquired read data; and
updating the non-ejection correction parameter for each of
the nozzles based on the single variable root-finding algo-
rithm using iteration method from the evaluated correction
intensity, so that the non-ejection correction parameter for
each of the nozzles can be efficiently optimized. Also, the
non-ejection nozzle is identified from the plurality of nozzles,
and when the non-ejection correction of the non-ejection
nozzle identified by acquiring the image data recorded on the
recording medium is performed, the non-ejection correction
is performed based on the optimized non-ejection correction
parameter. Thus, the non-ejection correction can be optimally
performed with respect to all the nozzles.

[0030] To achieve the above object, atest chartaccording to
one aspect is a test chart for evaluating a non-ejection correc-
tion parameter for each of a plurality of nozzles provided on
an ink-jet head, and has a simulated non-ejection region
formed by a first nozzle, a non-ejection correction region
formed by second nozzles on both sides of the first nozzle,
and a constant-density region formed by a third nozzle other
than the first nozzle and the second nozzles, and a plurality of
stages in each of which the simulated non-ejection regions are
arranged at a predetermined interval in a first direction are
arranged in a second direction perpendicular to the first direc-
tion, and the simulated non-ejection regions in the plurality of
stages are arranged at different positions from each other with
respect to the first direction, no ink is ejected in the simulated
non-ejection region, ink is ejected from the third nozzle at an
instruction value of a predetermined density in the constant-
density region, and ink is ejected from the second nozzles at
an instruction value obtained by correcting the instruction
value of the predetermined density based on the non-ejection
correction parameter of the first nozzle adjacent thereto in the
non-ejection correction region.

[0031] Inaccordance with the present aspect, the non-ejec-
tion correction parameter for each of the plurality of nozzles
provided on the ink-jet head can be appropriately evaluated.
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[0032] In accordance with the present invention, the non-
ejection correction parameter for each of the nozzles can be
efficiently optimized. Consequently, the non-ejection correc-
tion parameters for all the nozzles can be calculated within a
shorter processing time and with a smaller number of test
chart sheets, and the non-ejection correction can be appropri-
ately performed with respect to all the nozzles by using the
non-ejection correction parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG.1isaside schematic view illustrating an ink-jet
recording apparatus;

[0034] FIG. 2 is a block diagram illustrating the electric
configuration of the ink-jet recording apparatus;

[0035] FIGS. 3A and 3B are views for explaining the basic
principle of non-ejection correction;

[0036] FIG. 4 is a flowchart illustrating a process for opti-
mizing a non-ejection correction parameter;

[0037] FIGS. 5A and 5B are views illustrating the configu-
ration of a test chart;

[0038] FIG. 6 is a schematic view illustrating the process of
a root-finding algorithm;

[0039] FIG. 7 is a configuration view illustrating the entire
configuration of the ink-jet recording apparatus;

[0040] FIGS. 8A and 8B are views illustrating a configura-
tion example of a head;

[0041] FIG. 9 is a view illustrating a head in which short
head modules are arranged in a staggered pattern;

[0042] FIG. 10 is a sectional view illustrating the stereo-
scopic configuration of a droplet ejecting element;

[0043] FIG. 11 is a view illustrating the arrangement of
nozzles in a matrix;

[0044] FIG.12is ablock diagram illustrating the schematic
configuration of a control system of the ink-jet recording
apparatus; and

[0045] FIG. 13 is a flowchart illustrating an image record-
ing operation of the ink-jet recording apparatus.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0046] In the following, preferred embodiments of the
present invention will be described in detail based on the
accompanying drawings.

[Outline of an Ink-Jet Recording Apparatus]

[0047] FIG.1is aside schematic view illustrating an ink-jet
recording apparatus according to a present embodiment. An
ink-jet recording apparatus 100 is a single-pass line printer
which forms an image on a recording surface of a paper P
(corresponding to arecording medium). The ink-jet recording
apparatus 100 includes conveying drums 110, 112, and 114, a
line head 120, and an in-line sensor 140 and the like.

[0048] A plurality of suction holes (not shown) are formed
in a predetermined pattern in conveyance surfaces of the
conveying drums 110, 112, and 114. The paper P wound
around peripheral surfaces of the conveying drums 110, 112,
and 114 is conveyed while being suctioned through the suc-
tion holes to be adhesively held on the peripheral surfaces of
the conveying drums 110, 112, and 114.

[0049] A plurality of nozzles are formed on a surface of the
line head 120 facing the conveying drum 110 over the entire
width of the paper P. The line head 120 is controlled by a
control unit 150 (not shown in FIG. 1) to eject ink from the
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respective nozzles, and thereby form an image on the record-
ing surface of the paper P conveyed by the conveying drum
110. As described above, an image is formed over the entire
recording surface of the paper P through a single conveyance
(a single pass) by the conveying drum 110.

[0050] The paper P where the image is formed on the
recording surface by the line head 120 is transferred to the
conveying drum 112 from the conveying drum 110, and fur-
ther transferred to the conveying drum 114 from the convey-
ing drum 112.

[0051] The image formed on the recording surface of the
paper P adhesively held on the conveying drum 114 is picked
up by the in-line sensor 140 (one example of an image reading
device).

[0052] The in-line sensor 140 is a device which reads the
image formed on the paper P, and detects the density of the
image, displacement of a dot landing position, or the like. A
CCD line sensor or the like is employed as the in-line sensor
140.

[0053] FIG. 2 is a block diagram illustrating the electric
configuration of the ink-jet recording apparatus 100. The
ink-jet recording apparatus 100 includes a non-ejection cor-
rection parameter optimizing unit 166 (one example of a
non-ejection correction parameter optimizing unit) com-
posed of a non-ejection correction parameter storage unit
152, a test chart data generating unit 154, a test chart data
storage unit 156, a test chart read data storage unit 160, a test
chart read data evaluating unit 162, a non-ejection correction
parameter updating unit 164, or the like in addition to the
conveying drums 110, 112, and 114, the line head 120, the
in-line sensor 140, and the control unit 150 which controls
these components.

[0054] The non-ejection correction parameter storage unit
152 (one example of an outputting device) stores a non-
ejection correction parameter for each of all the nozzles of the
line head 120. The test chart data generating unit 154 (one
example of a test chart data generating device) generates test
chart data for optimizing the non-ejection correction param-
eter based on the non-ejection correction parameter for each
of'the nozzles stored in the non-ejection correction parameter
storage unit 152. The test chart data generated by the test chart
data generating unit 154 is stored in the test chart data storage
unit 156.

[0055] The control unit 150 (one example of a recording
controlling device and a test chart recording device) controls
the line head 120 based on the input test chart data, and
records a test chart on the recording surface of the paper P
conveyed by the conveying drum 110.

[0056] The paper P on which the test chart is recorded is
conveyed to the conveying drums 112 and 114 from the
conveying drum 110, and the in-line sensor 140 reads the test
chart. The in-line sensor 140 reads the test chart recorded on
the paper P, and generates test chart read data. The test chart
read data read by the in-line sensor 140 is stored in the test
chart read data storage unit 160.

[0057] The test chart read data evaluating unit 162 evalu-
ates the test chart read data stored in the test chart read data
storage unit 160, and calculates an evaluation value. The
non-ejection correction parameter updating unit 164 updates
the non-ejection correction parameter based on the evaluation
value. The updated non-ejection correction parameter is
stored in the non-ejection correction parameter storage unit
152.
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[Basic Principle of Non-Ejection Correction]

[0058] FIGS. 3A and 3B are views for explaining the basic
principle of non-ejection correction. FIG. 3B is an enlarged
view of Q portion in FIG. 3A.

[0059] The non-ejection correction is to reduce the influ-
ence of non-ejection by using a normal nozzle when a certain
nozzle (called non-ejection nozzle below) cannot eject ink, or
stops ejecting ink due to crooked flight of ink.

[0060] Ifthere is a non-ejection nozzle in the line head 120,
ink is not deposited in a region corresponding to the non-
ejection nozzle, and a white stripe appears in the drawn
image, as shown in FIG. 3A.

[0061] To reduce the influence of non-ejection, the density
of'ink ejected from nozzles on both sides of the non-ejection
nozzle may be increased. That is, the nozzles (non-ejection
correction nozzles) on the both sides of the non-ejection
nozzle are set to a larger density value than a density value of
another nozzle as shown in FIG. 3B.

[0062] Here, when the density value of another nozzle is
expressed as D, the density values of the non-ejection correc-
tion nozzles are expressed as mxD (m>1). The letter m rep-
resents a non-ejection correction parameter for determining
the intensity of non-ejection correction. A value that varies by
each density value and by each non-ejection nozzle is set as
the non-ejection correction parameter.

[0063] The non-ejection correction is performed by chang-
ing the density values of the non-ejection correction nozzles
based on the non-ejection correction parameter as described
above.

First Embodiment

[0064] FIG. 4 is a flowchart illustrating a process for opti-
mizing the non-ejection correction parameter according to
the present embodiment. Here, an optimizing process at a
certain density value will be described.

[0065] A program for executing the process for optimizing
the non-ejection correction parameter is stored in a ROM in
the control unit 150, and executed by a CPU in the control unit
150. In another aspect, the control unit 150 may read out and
execute the program when a removable recording medium in
which the program is recorded is loaded into an input-output
I/F (not shown) of the ink-jet recording apparatus 100.

(Step S1)

[0066] As described above, the non-ejection correction
parameter is a parameter for correcting the white stripe gen-
erated by the non-ejection nozzle by using the non-ejection
correction nozzles. A non-ejection correction parameter m, (i
is a nozzle number) is provided for each of all the nozzles of
the line head 120. A predetermined value is stored in the
non-ejection correction parameter storage unit 152 as an ini-
tial value of the non-ejection correction parameter m,.

(Step S2)

[0067] Itis determined whether or not repeating of steps is
completed.

[0068] The optimizing process in the present embodiment
is performed by repeatedly performing respective steps of
creating test chart data from the non-ejection correction
parameter, outputting a test chart, scanning the test chart,
calculating a correction intensity evaluation value by analysis
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of'the scanned data, and updating the non-ejection correction
parameter based on the correction intensity evaluation value.
[0069] When the repeating of steps is completed, the entire
process is terminated since the non-ejection correction
parameter has been optimized. When the repeating of steps is
not completed, the process proceeds to step S3.

[0070] Inthe present embodiment, the repeating of steps is
completed when the steps are repeated by a predetermined
number of repetition times n. For example, n may be setto 5.

(Step S3: One Example of a Test Chart Data Generating Step)

[0071] The test chart data generating unit 154 reads out the
non-ejection correction parameter for each of all the nozzles
from the non-ejection correction parameter storage unit 152
(one example of an outputting step), and generates the test
chart data.

[0072] FIG. 5A is a schematic view illustrating the configu-
ration of a test chart T. Although the white stripe cannot be
visually recognized as in the drawing in actual cases, the
white stripe is shown clearly for the convenience of descrip-
tion.

[0073] Inthetestchart T, N stages (N=natural number, N=6
in the drawing) of patterns each having simulated non-ejec-
tion regions in which non-ejection is simulatively given at an
interval of N nozzles are arranged in a solid image region
(constant-density region) in a tone to be optimized. A region
(non-ejection correction region) adjacent to each of the simu-
lated non-ejection regions has a density obtained by applying
the non-ejection correction parameter to the density of the
constant-density region.

[0074] To form the test chart T, data for one stage of the test
chart is configured such that a first nozzle (simulated non-
ejection nozzle) provided at the interval of N nozzles in a
direction (nozzle arrangement direction) perpendicular to a
conveyance direction of the paper P forms the simulated
non-egjection region without ejecting ink, second nozzles
(non-ejection correction nozzles) on both sides of the first
nozzle form the non-ejection correction region at an instruc-
tion value corrected based on the non-ejection correction
parameter, and third nozzles other than the first nozzle and the
second nozzles form the constant-density region at a non-
corrected instruction value.

[0075] That is, the test chart T has the simulated non-ejec-
tion region formed by the first nozzle, the non-ejection cor-
rection region formed by the second nozzles on the both sides
of'the first nozzle, and the constant-density region formed by
the third nozzles other than the first nozzle and the second
nozzles. A plurality of stages in each of which the simulated
non-ejection regions are arranged at a predetermined interval
in a first direction are arranged in a second direction perpen-
dicular to the first direction, and the simulated non-ejection
regions in the plurality of stages are arranged at different
positions from each other with respect to the first direction.
The test chart data is data which does not cause the first nozzle
to eject ink, causes the third nozzles to eject ink at an instruc-
tion value of a predetermined density, and causes the second
nozzles to eject ink at an instruction value obtained by cor-
recting the instruction value of the predetermined density
based on the non-ejection correction parameter of the first
nozzle adjacent thereto.

[0076] To be more specific, when the tone to be optimized
(the instruction value) is expressed as D and the nozzle num-
ber of the first nozzle is expressed as i, the first nozzle is not
caused to eject ink, the second nozzles with nozzle numbers
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i-1 and i+1 are caused to eject ink at an instruction value of
Dxm,, and the third nozzles with nozzle numbers i-N+1, i-3,
i-2, 1+2, 143, . . ., and i+N-1 are caused to eject ink at an
instruction value of D.

[0077] In the respective stages of the test chart T, the first
nozzles are arranged to be shifted in the nozzle arrangement
direction. In the example shown in FIG. 5A, the nozzle num-
bers of the first nozzles are shifted one by one (e.g., 1, i+1, 1+2,
i+3, i+4, and i+5) in the respective stages. When the first
nozzles are arranged to be shifted in the nozzle arrangement
direction in the respective stages as described above, all the
nozzles can be set as the simulated non-ejection nozzle.
Accordingly, the non-ejection correction parameters for all
the nozzles can be evaluated.

[0078] The length of each stage of the test chart T (the
length in the conveyance direction of the paper P) may be
appropriately determined according to a reading speed of the
in-line sensor 140 and a conveyance speed of the paper P.

(Step S4)

[0079] The test chart data generated by the test chart data
generating unit 154 is stored in the test chart data storage unit
156.

(Step S5: Test Chart Recording Step)

[0080] The control unit 150 reads out the test chart data
stored in the test chart data storage unit 156, controls the
respective nozzles of the line head 120 based on the test chart
data, and outputs the test chart to the recording surface of the
paper P.

(Step S6: Test Chart Acquiring Step)

[0081] The paper P to which the test chart is output is then
conveyed to the conveying drum 114. The in-line sensor 140
reads the test chart on the paper P conveyed by the conveying
drum 114, and generates the test chart read data.

[0082] The test chart is automatically read by using the
in-line sensor 140 in the present embodiment. However, in
another aspect, the test chart may be read by manually using
a flat bed scanner or the like by a user.

(Step S7: One Example of a Read Data Acquiring Step)

[0083] The test chart read data generated by the in-line
sensor 140 is acquired by a test chart read data acquiring unit
158 (one example of a read data acquiring device), and stored
in the test chart read data storage unit 160. When the test chart
is manually read by a user, the test chart read data may be
input via an unillustrated inputting device by a user, acquired
by the test chart read data acquiring unit 158, and stored in the
test chart read data storage unit 160.

(Step S8: One Example of an Evaluating Step)

[0084] The test chart read data evaluating unit 162 (one
example of an evaluating device) evaluates the correction
intensity of the non-ejection correction parameter for each of
the nozzles based on the test chart read data stored in the test
chart read data storage unit 160.

[0085] To be more specific, an average density in the nozzle
arrangement direction around the simulated non-ejection
region is calculated, and the correction intensity evaluation
value indicating whether the non-ejection correction is exces-
sive or deficient is calculated with respect to each of the

Mar. 13, 2014

simulated non-ejection nozzles. The non-ejection correction
is excessive correction when the correction intensity evalua-
tion value is a positive value, and is deficient correction when
the correction intensity evaluation value is a negative value.
An optimum non-ejection correction parameter is obtained
when the correction intensity evaluation value is zero.
[0086] For example, a difference between the average den-
sity around the simulated non-ejection region and a target
density can be used as the correction intensity evaluation
value. A difference (a chromaticity difference AE) between an
average chromaticity and a target chromaticity, or a differ-
ence (a luminance difference AY) between an average lumi-
nance and a target luminance may be also used.

(Step S9: One Example of a Parameter Updating Step)

[0087] The non-ejection correction parameter updating
unit 164 (one example of a parameter updating device)
updates the non-ejection correction parameter for each of the
nozzles based on the evaluation result of the test chart read
data. The updated non-ejection correction parameter for each
of'the nozzles is stored in the non-ejection correction param-
eter storage unit 152. The control unit 150 (one example of a
controlling device) then causes the non-ejection correction
parameter storage unit 152, the test chart data generating unit
154, the test chart data storage unit 156, the test chart read
data acquiring unit 158, the test chart read data storage unit
160, the test chart read data evaluating unit 162, and the
non-ejection correction parameter updating unit 164 to
repeatedly perform the same operations (one example of a
controlling step) until the repeating of the steps is determined
to be completed in step S2.

[0088] Inthe present embodiment, the non-ejection correc-
tion parameter updating unit 164 updates the non-ejection
correction parameter for each of the nozzles based on a single
variable root-finding algorithm using iteration method repre-
sented by bisection method or the like. That is, the correction
intensity evaluation value in each simulated non-ejection por-
tion is regarded as an evaluation function of an optimization
algorithm, and the non-ejection correction parameter is
regarded as a design variable of the root-finding algorithm.
[0089] Here, the root-finding algorithm indicates a general
numerical analysis algorithm for obtaining x that satisfies
f(x)=0 with respect to a function f(x). Various methods such
as bisection method, golden section method, Brent’s method,
false position method, and Newton’s method belong thereto.
In the methods, generally, a process of determining a next
measurement point from an initial measurement point or past
n (about one or two) measurement points based on an algo-
rithm specific to each method is repeated. In the present
embodiment, the Brent’s method is particularly preferably
employed. The Brent’s method is a method having excellent
convergence stability and convergence efficiency.

[0090] FIG. 6 is a schematic view illustrating the process of
the root-finding algorithm, and shows a state in which the
updating of the non-ejection correction parameter is repeated
five times with respect to the nozzle with the nozzle number
i
[0091] First, the initial value of the non-ejection correction
parameter for the nozzle with the nozzle number i is set to m,;
(step S1). The test chart data is then generated (step S3).
Subsequently, the test chart is output based on the test chart
data (step S5), and read by the in-line sensor 140 (step S6).
The read data is further evaluated to calculate a correction
intensity evaluation value f(m,, ) (measurement point 1) (step
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S8). Since the correction intensity evaluation value f(m,,) is a
negative value, the non-ejection correction is found to be
deficient correction.

[0092] The non-ejection correction parameter updating
unit 164 updates the non-ejection correction parameter to m,;
based on the calculated correction intensity evaluation value
f(m,).

[0093] Theprocess returns to step S1, and the test chart data
is generated based on the updated non-ejection correction
parameter m,,, output and read. The read data is evaluated to
calculate a correction intensity evaluation value f(m,,) (mea-
surement point 2). Since the correction intensity evaluation
value f(m,,) is a positive value, the non-ejection correction is
found to be excessive correction.

[0094] The non-ejection correction parameter updating
unit 164 updates the non-ejection correction parameter to m,,
based on the correction intensity evaluation values f(m;, ) and
f(m,,). The non-ejection correction parameter updating unit
164 calculates a correction intensity evaluation value f(m;;)
(measurement point 3), and updates the non-ejection correc-
tion parameter to m,,.

[0095] As described above, the non-ejection correction
parameters for all the nozzles can be efficiently optimized by
repeating the steps using the root-finding algorithm. The steps
may be repeated at least two times. For example, in the simple
bisection method or the like, when two points with a solution
therebetween are measured, a middle point therebetween is
considered to be closer to an optimum value than the mea-
sured two points.

[0096] The same steps are performed with the density value
changed, so that the non-ejection correction parameters can
be optimized at all the density values (tones). To change the
density value, the density value of the constant-density region
in the test chart T may be changed.

[0097] In the present embodiment, it is desirable to set a
value as close as possible to the optimum value as the initial
value of the non-ejection correction parameter from the per-
spective of efficiency and accuracy. The initial value is desir-
ably determined by using a method of calculating a theoreti-
cally correct value from half tone information and density
design information, or a method of roughly measuring the
non-ejection correction parameter by experiments. When the
non-ejection correction parameter is adjusted again after pas-
sage of a given period of time after the non-ejection correc-
tion parameter is optimized, a previous optimization result of
the non-ejection correction parameter may be used as the
initial value.

[0098] The repeating of the steps may be determined to be
completed when the correction intensity evaluation values
such as a chromaticity difference AE and a luminance differ-
ence AY forall the nozzles to be optimized are equal to or less
than a given value. Alternatively, the repeating of the steps
may be determined to be completed at a point at which the
correction intensity evaluation values for all the nozzles are
equal to or less than a given value with a predetermined
number of repetition times n set as the upper limit.

[0099] Also, a reference density stage may be provided in
the test chart as in a test chart T' shown in FIG. 5B. The
reference density stage is obtained by drawing a constant-
density region in a tone to be optimized by using all the
nozzles. When the reference density stage is provided, a dif-
ference between a scanned density (the average density)
around the simulated non-ejection region and a scanned den-
sity in the reference density stage may be used as the correc-
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tion intensity evaluation value. Accordingly, unevenness in
shading or resolution in the nozzle direction of the in-line
sensor 140 can be offset, and the influence of low-frequency
stripe unevenness specific to the single pass system can be
reduced.

[0100] Although the nozzles on the both sides of the simu-
lated non-ejection nozzle are employed as the non-ejection
correction nozzles and the non-ejection correction parameter
of the simulated non-ejection nozzle is applied to the non-
ejection correction nozzles in the present embodiment, the
non-ejection correction nozzles are not limited to the aspect.
For example, nozzles adjacent to the nozzles on the both sides
of the simulated non-ejection nozzle may be further
employed as the non-ejection correction nozzles. That is,
when the nozzle with the nozzle number i is set as the simu-
lated non-ejection nozzle, nozzles with nozzle numbers i-2,
i-1, i+1, and i+2 may be employed as the non-ejection cor-
rection nozzles.

[0101] In this case, the non-ejection correction parameter
for each of the non-ejection correction nozzles may be opti-
mized.

Second Embodiment

[0102] Inthe first embodiment, the non-ejection correction
parameter is directly used as the design variable of the root-
finding algorithm. Here, an assumption that “the non-ejection
correction parameters applied to the nozzles at the right and
left of the non-ejection nozzle are equal to each other” is
implicitly employed. However, the nozzles on the head are
not always arranged symmetrically. Thus, it is sometimes
effective to perform the non-ejection correction by using
different parameters for the right and left nozzles.

[0103] In this case, a non-ejection correction parameter
composed of a plurality of correction parameters expressed
with a common variable may be applied to the right and left
non-ejection correction nozzles.

[0104] For example, a correction parameter P, for the left
non-ejection correction nozzle and a correction parameter P
for the right non-ejection correction nozzle (corresponding to
a plurality of parameters) are defined in a general expression
as described below by using a variable x common to the two
parameters.

Pr=g(x).Pr=h(x)

[0105] Here, g(x) and h(x) are any functions with a variable
X. The parameters are defined as described above, and the
design variable of the root-finding algorithm in a present
embodiment is set as x. The non-ejection correction param-
eter composed of the different correction parameters for the
right and left nozzles can be thereby optimized. One example
of the functions g(x) and h(x) is as follows.

(Expression 1)

g)=xh(x)=x (Expression 2)

[0106] Here, the example can be considered to be similar to
the first embodiment in which the same non-ejection correc-
tion parameter is applied to the right and left non-ejection
correction nozzles.

g(x)=axx,h(x)=bxx (a and b are different constants)

[0107] Also, when the functions g(x) and h(x) are defined
as described above, a non-ejection correction parameter hav-
ing different correction parameters for the right and left non-
ejection correction nozzles can be generated.

(Expression 3)

g(x)=x,h(x)=c (c is a constant) (Expression 4)
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[0108] Also, when the functions g(x) and h(x) are defined
as described above, a non-ejection correction parameter in
which a correction parameter for one (right) non-ejection
correction nozzle out of the right and left nozzles is fixed and
only a correction parameter for the other (left) non-ejection
correction nozzle is optimized can be also generated.

[0109] As for the correction parameters expressed in
Expressions 2 to 4, the correction parameter of one of the
expressions may be equally applied to all the nozzles, or the
correction parameter of an optimum expression may be
selected and applied with respect to each non-ejection nozzle.
[0110] In another aspect, the plurality of parameters of the
non-ejection correction parameter may be set as a correction
parameter Q, to be applied to the nozzles (nozzle numberi+1)
on the both sides of the non-ejection nozzle (nozzle number
1), and a correction parameter Q, to be applied to the nozzles
(nozzle number i+2) adjacent to the nozzles on the both sides,
expressed as a function x with a common variable, and opti-
mized by using x as the design variable of the root-finding
algorithm.

[Another Embodiment of the Ink-Jet Recording Apparatus]

[0111] FIG. 7 is a configuration view illustrating the entire
configuration of the ink-jet recording apparatus according to
another embodiment. An ink-jet recording apparatus 200
shown in the drawing is a recording apparatus of two-liquid
aggregation type which forms an image on a recording sur-
face of a recording medium 214 based on predetermined
image data by using ink containing a coloring material, and an
aggregating treatment liquid having a function to aggregate
the ink.

[0112] The ink-jet recording apparatus 200 mainly
includes a paper feeding unit 220, a treatment liquid applying
unit 230, a drawing unit 240, a drying treatment unit 250, a
fixing treatment unit 260, and a discharging unit 270.
Although not shown in FIG. 7, a liquid ejecting device is
provided in the drawing unit 240.

[0113] Transfer cylinders 232, 242, 252, and 262 are pro-
vided in previous stages of the treatment liquid applying unit
230, the drawing unit 240, the drying treatment unit 250, and
the fixing treatment unit 260, respectively, as a device for
transferring the conveyed recording medium 214. Impression
cylinders 234, 244,254, and 264 having a drum-like shape are
also provided in the treatment liquid applying unit 230, the
drawing unit 240, the drying treatment unit 250, and the fixing
treatment unit 260, respectively, as a device for holding and
conveying the recording medium 214.

[0114] Grippers 280A and 280B which sandwich and hold
adistal end portion of the recording medium 214 are provided
at predetermined positions on an outer peripheral surface of
each of the transfer cylinders 232 to 262 and the impression
cylinders 234 to 264. The gripper 280A and the gripper 280B
have the same structure for sandwiching and holding the
distal end portion of the recording medium 214 and the same
structure for transferring the recording medium 214 to and
from the gripper provided on another impression cylinder or
another transfer cylinder. The gripper 280A and the gripper
280B are also arranged at symmetrical positions apart from
each other by an angle of 180° in a rotating direction of the
impression cylinder 234 on the outer peripheral surface of the
impression cylinder 234.

[0115] When the transfer cylinders 232 to 262 and the
impression cylinders 234 to 264 are rotated in a predeter-
mined direction with the distal end portion of the recording
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medium 214 sandwiched by the grippers 280A and 280B, the
recording medium 214 is rotationally conveyed along the
outer peripheral surfaces of the transfer cylinders 232 to 262
and the impression cylinders 234 to 264.

[0116] InFIG.7, only the grippers provided on the impres-
sion cylinder 234 are assigned reference numerals 280A and
280B. Reference numerals of the grippers on the other
impression cylinders and transfer cylinders are omitted.
[0117] When the recording medium (paper sheet) 214
accommodated in the paper feeding unit 220 is fed to the
treatment liquid applying unit 230, the aggregating treatment
liquid (also simply referred to as “treatment liquid” below) is
applied to the recording surface of the recording medium 214
held on the outer peripheral surface of the impression cylinder
234. The “recording surface of the recording medium 214”
means an outer side surface in a state in which the recording
medium 214 is held on the impression cylinders 234 to 264,
and a surface opposite to a surface held on the impression
cylinders 234 to 264.

[0118] The recording medium 214 to which the aggregat-
ing treatment liquid is applied is then fed to the drawing unit
240, where a desired image is formed by applying color ink to
a region of the recording surface where the aggregating treat-
ment liquid is applied.

[0119] Moreover, the recording medium 214 on which the
image is formed by the color ink is fed to the drying treatment
unit 250, where the recording medium 214 is subjected to
drying treatment. After the drying treatment, the recording
medium 214 is fed to the fixing treatment unit 260, where the
recording medium 214 is subjected to fixing treatment. By
performing the drying treatment and the fixing treatment, the
image on the recording medium 214 is firmly formed. After
the desired image is formed on the recording surface of the
recording medium 214 and fixed to the recording surface of
the recording medium 214 as described above, the recording
medium 214 is conveyed to outside of the apparatus from the
discharging unit 270.

[0120] In the following, the respective units of the ink-jet
recording apparatus 200 (the paper feeding unit 220, the
treatment liquid applying unit 230, the drawing unit 240, the
drying treatment unit 250, the fixing treatment unit 260, and
the discharging unit 270) will be described in detail.

(Paper Feeding Unit)

[0121] The paper feeding unit 220 is provided with a paper
feeding tray 222 and an unillustrated feeding mechanism, and
configured so as to feed the recording medium 214 one by one
from the paper feeding tray 222. The recording medium 214
fed from the paper feeding tray 222 is determined in position
by an unillustrated guide member such that the distal end
portion is located at the position of the gripper (not shown) on
the transfer cylinder (paper feeding cylinder) 232, and is
thereby temporarily stopped. The gripper (not shown) sand-
wiches and holds the distal end portion of the recording
medium 214, and transfers the recording medium 214 to the
gripper provided on the treatment liquid cylinder 234.

(Treatment Liquid Applying Unit)

[0122] The treatment liquid applying unit 230 includes the
treatment liquid cylinder (treatment liquid drum) 234 which
holds the recording medium 214 transferred from the paper
feeding cylinder 232 on the outer peripheral surface, and
conveys the recording medium 214 in a predetermined con-
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veyance direction, and a treatment liquid applying device 236
which applies the treatment liquid to the recording surface of
the recording medium 214 held on the outer peripheral sur-
face of the treatment liquid cylinder 234. When the treatment
liquid cylinder 234 is rotated in a counterclockwise direction
in FIG. 7, the recording medium 214 is rotationally conveyed
in the counterclockwise direction along the outer peripheral
surface of the treatment liquid cylinder 234.

[0123] The treatment liquid applying device 236 shown in
FIG. 7 is provided at a position facing the outer peripheral
surface (recording medium holding surface) of the treatment
liquid cylinder 234. As a configuration example of the treat-
ment liquid applying device 236, the treatment liquid apply-
ing device 236 may include a treatment liquid vessel in which
the treatment liquid is stored, a drawing roller which is par-
tially immersed in the treatment liquid in the treatment liquid
vessel to draw the treatment liquid in the treatment liquid
vessel, and an application roller (rubber roller) which moves
the treatment liquid drawn by the drawing roller onto the
recording medium 214.

[0124] The treatment liquid applying device 236 may pref-
erably include an application roller moving mechanism
which moves the application roller in a vertical direction (a
direction normal to the outer peripheral surface of the treat-
ment liquid cylinder 234) such that the treatment liquid is not
applied to a portion other than the recording medium 214. The
grippers 280A and 280B which sandwich the distal end por-
tion of the recording medium 214 are arranged so as not to
project from the peripheral surface.

[0125] The treatment liquid applied to the recording
medium 214 by the treatment liquid applying device 236
contains a coloring material aggregating agent which aggre-
gates the coloring material (pigment) in the ink to be applied
by the drawing unit 240. When the treatment liquid and the
ink come into contact with each other on the recording
medium 214, the coloring material and a solvent in the ink are
encouraged to be separated.

[0126] The treatment liquid applying device 236 preferably
applies the treatment liquid while measuring the amount
applied to the recording medium 214. The film thickness of
the treatment liquid on the recording medium 214 is prefer-
ably made sufficiently smaller than the diameter of an ink
droplet ejected from the drawing unit 240.

(Drawing Unit)

[0127] The drawing unit 240 includes the drawing cylinder
(drawing drum) 244 which holds and conveys the recording
medium 214, a paper pressing roller 246 which brings the
recording medium 214 into close contact with the drawing
cylinder 244, and ink-jet heads 248M, 248K, 248C, and 248Y
which apply ink to the recording medium 214. The drawing
cylinder 244 has a basic structure similar to that of the treat-
ment liquid cylinder 234 described above.

[0128] The paper pressing roller 246 is a guide member
which brings the recording medium 214 into close contact
with the outer peripheral surface of the drawing cylinder 244.
The paper pressing roller 246 is arranged facing the outer
peripheral surface of the drawing cylinder 244 on a down-
stream side in the conveyance direction of the recording
medium 214 from a position of transferring the recording
medium 214 between the transfer cylinder 242 and the draw-
ing cylinder 244, and on an upstream side in the conveyance
direction of the recording medium 214 from the ink-jet heads
248M, 248K, 248C, and 248Y.
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[0129] A paper uplift detecting sensor (not shown) is also
arranged between the paper pressing roller 246 and the ink-jet
head 248M located on the most upstream side in the convey-
ance direction of the recording medium 214. The paper uplift
detecting sensor detects the amount of uplift of the recording
medium 214 immediately before entering a region beneath
the ink-jet heads 248M, 248K, 248C, and 248Y. The ink-jet
recording apparatus 200 in the present embodiment is con-
figured to inform a user and stop conveying the recording
medium 214 when the amount of uplift of the recording
medium 214 detected by the paper uplift detecting sensor
exceeds a predetermined threshold value.

[0130] The recording medium 214 transferred to the draw-
ing cylinder 244 from the transfer cylinder 242 is pressed by
the paper pressing roller 246 and comes into close contact
with the outer peripheral surface of the drawing cylinder 244
while being rotationally conveyed with the distal end held by
the gripper (reference numeral is omitted). After coming into
close contact with the outer peripheral surface of the drawing
cylinder 244 as described above, the recording medium 214 is
fed to a printing region beneath the ink-jet heads 248M,
248K, 248C, and 248Y in a state in which the recording
medium 214 is not uplifted from the outer peripheral surface
of the drawing cylinder 244.

[0131] The ink-jet heads 248M, 248K, 248C, and 248Y
respectively correspond to four colors of magenta (M), black
(K),cyan (C), and yellow (Y). The ink-jet heads 248M, 248K,
248C, and 248Y are arranged sequentially from the upstream
side in the rotating direction of the drawing cylinder 244 (the
counterclockwise direction in FIG. 7), and also arranged such
that ink ejection surfaces (nozzle surfaces) of the ink-jet
heads 248M, 248K, 248C, and 248Y face the recording sur-
face of the recording medium 214 held on the drawing cylin-
der 244. The “ink ejection surfaces (nozzle surfaces)” mean
surfaces of the ink-jet heads 248M, 248K, 248C, and 248Y
facing the recording surface of the recording medium 214,
and surfaces where nozzles for ejecting ink (shown with
reference numeral 51 in FIG. 8) described below are formed.
[0132] The ink-jet heads 248M, 248K, 248C, and 248Y
shown in FIG. 7 are also arranged to be inclined with respect
to a horizontal plane such that the recording surface of the
recording medium 214 held on the outer peripheral surface of
the drawing cylinder 244 and the nozzle surfaces of the ink-jet
heads 248M, 248K, 248C, and 248Y are substantially parallel
to each other.

[0133] Theink-jetheads 248M, 248K, 248C, and 248Y are
full-line heads having a length corresponding to the maxi-
mum width (the length in a direction perpendicular to the
conveyance direction of the recording medium 214) of an
image formation region of the recording medium 214. The
ink-jet heads 248M, 248K, 248C, and 248Y are fixedly
arranged so as to extend in the direction perpendicular to the
conveyance direction of the recording medium 214.

[0134] The ink ejecting nozzles are arranged in a matrix
and formed on each of the nozzle surfaces (liquid ejection
surfaces) of the ink-jet heads 248M, 248K, 248C, and 248Y
over the entire width of the image formation region of the
recording medium 214.

[0135] When the recording medium 214 is conveyed to the
printing region beneath the ink-jet heads 248M, 248K, 248C,
and 248Y, ink in each color is ejected (deposited) on the
region of the recording medium 214 to which the aggregating
treatment liquid is applied from the ink-jet heads 248M,
248K, 248C, and 248Y based on image data.
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[0136] When the ink-jet heads 248M, 248K, 248C, and
248Y eject droplets of the corresponding colored ink toward
the recording surface of the recording medium 214 held on
the outer peripheral surface of the drawing cylinder 244, the
treatment liquid and the ink come into contact with each other
on the recording medium 214. An aggregation reaction of a
coloring material (pigment-based coloring material) dis-
persed in the ink or an insoluble coloring material (dye-based
coloring material) is thereby expressed to form a coloring
material aggregate. Accordingly, movement of the coloring
material (displacement of dots, color unevenness of dots) in
the image formed on the recording medium 214 is prevented.
[0137] Since the drawing cylinder 244 of the drawing unit
240 is structurally separated from the treatment liquid cylin-
der 234 of the treatment liquid applying unit 230, the treat-
ment liquid does not adhere to the ink-jet heads 248M, 248K,
248C, and 248Y. Thus, factors causing abnormal ink ejection
can be reduced.

[0138] Although the configuration of the standard colors
(four colors) of MKCY is exemplified in the present embodi-
ment, the combinations of the ink colors and the number of
colors are not limited to that in the present embodiment, and
paler ink, deeper ink, and ink of special color may be added if
necessary. For example, an ink-jet head which ejects light-
colored ink such as light cyan and light magenta may be
added. An arrangement order of the respective color heads is
also not particularly limited.

(Drying Treatment Unit)

[0139] The drying treatment unit 250 includes the drying
cylinder (drying drum) 254 which holds and conveys the
recording medium 214 on which the image has been formed,
and a drying treatment device 256 which performs the drying
treatment to evaporate a water content (liquid component) on
the recording medium 214. Since the drying cylinder 254 has
a basic configuration similar to those of the treatment liquid
cylinder 234 and the drawing cylinder 244 described above,
the description is omitted here.

[0140] The drying treatment device 256 is a treatment unit
which is arranged at a position facing the outer peripheral
surface of the drying cylinder 254 to evaporate the water
content existing on the recording medium 214. When the ink
is applied to the recording medium 214 by the drawing unit
240, a liquid component (solvent component) of the ink and a
liquid component (solvent component) of the treatment liquid
separated by the aggregation reaction between the treatment
liquid and the ink remains on the recording medium 214. It is
thus necessary to remove the liquid components as described
above.

[0141] The drying treatment device 256 is a treatment unit
which performs the drying treatment to evaporate the liquid
component existing on the recording medium 214 by heating
by a heater, blowing air by a fan, or using both the heater and
the fan, and thereby removes the liquid components on the
recording medium 214. The amounts of heating and air blow-
ing to be applied to the recording medium 214 are appropri-
ately set according to parameters such as the water content
remaining on the recording medium 214, the type of the
recording medium 214, and the conveyance speed (drying
treatment time) of the recording medium 214.

[0142] Since the drying cylinder 254 of the drying treat-
ment unit 250 is structurally separated from the drawing
cylinder 244 of the drawing unit 240, factors causing abnor-
mal ink ejection, such as drying of head meniscus portions by
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the heat or blown air in the ink-jet heads 248M, 248K, 248C,
and 248Y in the drying treatment by the drying treatment
device 256, can be reduced.

[0143] To correct cockling of the recording medium 214, a
curvature of the drying cylinder 254 may be set to 0.002
(1/mm) or more. To prevent the recording medium from curv-
ing (curling) after the drying treatment, the curvature of the
drying cylinder 254 may be set to 0.0033 (1/mm) or less.
[0144] A device for adjusting a surface temperature of the
drying cylinder 254 (e.g., a built-in heater) may be also pro-
vided so as to adjust the surface temperature to 50° C. or
more. When the heating treatment is performed from a rear
surface of the recording medium 214, the recording medium
214 is encouraged to be dried, so that the image is prevented
from being destroyed in the fixing treatment in a next stage. In
this aspect, it is more effective to provide a device for bringing
the recording medium 214 into close contact with the outer
peripheral surface ofthe drying cylinder 254. Examples of the
device for bringing the recording medium 214 into close
contact include vacuum adhesion and electrostatic adhesion.
[0145] Although the upper limit of the surface temperature
of the drying cylinder 254 is not particularly limited, the
surface temperature is preferably set to 75° C. or less (more
preferably, 60° C. or less) from the perspective of the safety of
maintenance (prevention of burn injuries due to high tem-
perature) such as cleaning of ink adhering to the surface of the
drying cylinder 254.

[0146] Drying unevenness due to wrinkles or uplifts of the
recording medium 214 can be reliably prevented by holding
the recording medium 214 on the outer peripheral surface of
the drying cylinder 254 having the above configuration with
the recording surface directed outward (that is, the recording
medium 214 is curved such that the recording surface is
located on a convex side), and performing the drying treat-
ment while rotationally conveying the recording medium
214.

(Fixing Treatment Unit)

[0147] The fixing treatment unit 260 includes the fixing
cylinder (fixing drum) 264 which holds and conveys the
recording medium 214, a heater 266 which gives heating
treatment to the recording medium 214 on which the image is
formed and from which the liquid is removed, and a fixing
roller 268 which presses the recording medium 214 from the
recording surface side. Since the fixing cylinder 264 has a
basic configuration similar to those of the treatment liquid
cylinder 234, the drawing cylinder 244, and the drying cylin-
der 254, the description is omitted here. The heater 266 and
the fixing roller 268 are arranged at positions facing the outer
peripheral surface of the fixing cylinder 264, and arranged
sequentially from the upstream side in the rotating direction
(the counterclockwise direction in FIG. 7) of the fixing cyl-
inder 264.

[0148] Inthe fixing treatment unit 260, the heater 266 gives
preheating treatment to the recording surface of the recording
medium 214, and the fixing roller 268 gives the fixing treat-
ment thereto. A heating temperature of the heater 266 is
appropriately set according to the type of the recording
medium, the type of the ink (the type of polymer fine particles
contained in the ink), or the like. For example, the heating
temperature may be set to a glass transition temperature or a
minimum film forming temperature of the polymer fine par-
ticles contained in the ink.
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[0149] The fixing roller 268 is a roller member which melts
and fixes the self-dispersible polymer fine particles in the ink
by heating and pressurizing the dried ink, and thereby forms
the ink into a film. The fixing roller 268 is configured to heat
and pressurize the recording medium 214. To be more spe-
cific, the fixing roller 268 is arranged so as to be in pressure
contact with the fixing cylinder 264, and constitutes a nip
roller with the fixing cylinder 264. Accordingly, the recording
medium 214 is sandwiched between the fixing roller 268 and
the fixing cylinder 264, nipped under a predetermined nip
pressure, and thereby subjected to the fixing treatment.
[0150] As a configuration example of the fixing roller 268,
the fixing roller 268 may be composed of a heating roller in
which a halogen lamp is incorporated in a metal pipe of
aluminum or the like having good heat conductivity. By heat-
ing the recording medium 214 by the heating roller as
described above, heat energy having a temperature equal to or
higher than the glass transition temperature of the polymer
fine particles contained in the ink is applied, so that the
polymer fine particles are melted to form a transparent film on
the surface of the image.

[0151] The recording surface of the recording medium 214
is pressurized in the above state. Accordingly, the molten
polymer fine particles are pushed and fixed into irregularities
in the recording medium 214, and the irregularities in the
image surface are thereby leveled, so that a preferable gloss
can be obtained. It is also preferable that a plurality of fixing
rollers 268 are provided according to the thickness of an
image layer or the glass transition temperature characteristics
of the polymer fine particles.

[0152] The fixing roller 268 preferably has a surface hard-
ness of 71° or less. When the surface of the fixing roller 268
is made softer, an adhesion effect with respect to the irregu-
larities in the recording medium 214 generated by cockling
can be expected. Fixing unevenness due to the irregularities in
the recording medium 214 can be thereby more effectively
prevented.

[0153] Intheink-jet recording apparatus 200 shown in FIG.
7, an in-line sensor 282 is provided in a subsequent stage (the
downstream side in the recording medium conveyance direc-
tion) of the treatment region of the fixing treatment unit 260.
The in-line sensor 282 is a sensor which reads the image
formed on the recording medium 214 (or a check pattern
formed in a marginal region of the recording medium 214). A
CCD line sensor is preferably used as the in-line sensor 282.
[0154] The ink-jet recording apparatus 200 described in the
present embodiment determines whether or not the ejection
fromthe ink-jetheads 248M, 248K, 248C, and 248Y is abnor-
mal based on the reading result of the in-line sensor 282. In
one aspect, the in-line sensor 282 may include a measuring
device which measures a water content, a surface tempera-
ture, a gloss degree or the like. In the aspect, parameters such
as the treatment temperature of the drying treatment unit 250,
and the heating temperature and the applied pressure of the
fixing treatment unit 260 are appropriately adjusted based on
the reading result of the water content, the surface tempera-
ture, and the gloss degree, and the above control parameters
are appropriately adjusted in response to a temperature
change inside the apparatus or a temperature change in the
respective units.

(Discharging Unit)

[0155] As shown in FIG. 7, the discharging unit 270 is
provided subsequent to the fixing treatment unit 260. The
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discharging unit 270 includes an endless conveying chain 274
wound around tension rollers 272A and 272B, and a discharg-
ing tray 276 where the recording medium 214 on which the
image has been formed is accommodated.

[0156] The recording medium 214 after the fixing treat-
ment fed from the fixing treatment unit 260 is conveyed by the
conveying chain 274 and discharged to the discharging tray
276.

[Structure of the Ink-Jet Head]

[0157] Next, one example of the structures of the ink-jet
heads 248M, 248K, 248C, and 248Y provided in the drawing
unit 240 will be described. Since the structures of the ink-jet
heads 248M, 248K, 248C, and 248Y corresponding to the
respective colors are common to each other, reference
numeral 50 representatively designates the ink-jet head (also
simply referred to as “head” below) in the following.

[0158] FIG. 8A is a plan perspective view illustrating a
configuration example of the head 50, and FIG. 8B is an
enlarged view of a portion of the head 50. FIG. 9 is a plan
perspective view illustrating another configuration example
of'the head 50, and FIG. 10 is a sectional view (sectional view
taken along a line A-A in FIG. 8B) illustrating the stereo-
scopic configuration of a droplet ejecting element for one
channel as the unit of a recording element (an ink-chamber
unit corresponding to one nozzle 51).

[0159] Asshownin FIGS. 8A and 8B, a plurality of nozzles
51 as ink ejection ports are arranged on the head 50 in the
present embodiment over the entire width of an image forma-
tion region of a nozzle surface of the head 50 facing the
recording medium 214. Accordingly, higher density of a sub-
stantial nozzle interval (projection nozzle pitch) that is pro-
jected (orthogonally projected) to be parallel to a head longi-
tudinal direction (the direction perpendicular to the feeding
direction of the recording medium 214) can be achieved.
[0160] The form in which a nozzle row is configured over a
length equal to or larger than a length corresponding to an
entire width W, of the recording medium 214 in the direction
(the direction of an arrow M; a main scanning direction)
substantially perpendicular to the conveyance direction (the
direction of an arrow S; a sub scanning direction) of the
recording medium 214 is not limited to that of the present
embodiment. For example, the line head 50 may be config-
ured to have a nozzle row over the length corresponding to the
entire width of the recording medium 214 by arranging in a
staggered pattern short head modules 50" in each of which the
plurality of nozzles 51 are arranged in two dimensions, and
connecting the head modules 50" as shown in FIG. 9 instead of
the configuration in FIG. 8A.

[0161] A pressure chamber 52 provided corresponding to
each of the nozzles 51 has a schematic square shape as the
planar shape (see FIGS. 8A and 8B). An outflow port com-
municating with the nozzle 51 is provided in one of two
diagonally-opposite corner portions and a supply ink inflow
port (supply port) 54 is provided in the other of the two corner
portions. The pressure chamber 52 is not limited to the shape
of'the present embodiment, and may have various shapes such
as a quadrangular shape (rthomboid, rectangle, or the like), a
pentagonal shape, a hexagonal shape or other polygonal
shape, a circular shape, and an oval shape as the planar shape.
[0162] As shown in FIG. 10, the head 50 has a structure in
which a nozzle plate 51P, a flow path plate 52P, a vibration
plate 56 or the like are laminated and joined together. The
nozzle plate 51P constitutes a nozzle surface 50A of the head
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50. The plurality of nozzles 51 each communicating with
each pressure chamber 52 are two-dimensionally formed.
[0163] The flow path plate 52P is a flow path forming
member which constitutes a side wall portion of the pressure
chamber 52, and forms the supply port 54 as a narrowed
portion (most constricted portion) of an individual supply
path for guiding ink to the pressure chamber 52 from a com-
mon flow path 55. Although simply shown in FIG. 10 for the
convenience of description, the flow path plate 52P has a
structure in which a single or a plurality of substrates are
laminated.

[0164] The vibration plate 56 constitutes one wall surface
(an upper surface in FIG. 10) of the pressure chamber 52, is
made of a conductive material such as stainless steel (SUS)
and silicon (Si) with a nickel (Ni) conductive layer, and
doubles as a common electrode for a plurality of actuators
(here, piezoelectric elements) 58 arranged corresponding to
the respective pressure chambers 52. In another aspect, the
vibration plate may be made of a non-conductive material
such as resin. In this case, a common electrode layer of a
conductive material such as metal is formed on a surface of
the vibration plate member.

[0165] A piezoelectric body 59 is provided at a position
corresponding to each of the pressure chambers 52 on a
surface of the vibration plate 56 opposite to the pressure
chamber 52 (an upper side in FIG. 10). An individual elec-
trode 57 is formed on an upper surface of the piezoelectric
body 59 (a surface opposite to a surface in contact with the
vibration plate 56 that doubles as a common electrode). The
individual electrode 57, the common electrode facing the
individual electrode 57 (the vibration plate 56 doubles as the
common electrode in the present embodiment), and the piezo-
electric body 59 interposed to be sandwiched between the
electrodes constitute the piezoelectric element which func-
tions as the actuator 58. The piezoelectric body 59 is prefer-
ably made of a piezoelectric material such as lead zirconate
titanate and barium titanate.

[0166] Each of the pressure chambers 52 communicates
with the common flow path 55 via the supply port 54. The
common flow path 55 communicates with an ink tank (not
shown) as an ink supply source. Ink supplied from the ink
tank is distributed and supplied to the respective pressure
chambers 52 through the common flow path 55.

[0167] When a driving voltage is applied between the indi-
vidual electrode 57 and the common electrode of the actuator
58, the actuator 58 is deformed to change the volume of the
pressure chamber 52. A pressure change is thereby caused to
eject ink from the nozzle 51. The pressure chamber 52 is filled
again with new ink through the supply port 54 from the
common flow path 55 when the displacement of the actuator
58 is restored after the ink ejection.

[0168] The structure in which a plurality of ink chamber
units 53 having the aforementioned structure are arranged at
a given pitch d in the direction of a certain angle y with
respect to the main scanning direction as shown in FIG. 11
can be considered to be substantially equivalent to a structure
in which the respective nozzles 51 are linearly arranged at a
given pitch of P,=dxcos 1) with respect to the main scanning
direction (corresponding to the first direction).

[0169] When the nozzles are arranged in a matrix as shown
in FIG. 11, nozzles 51-11, 51-12, 51-13, 51-14, 51-15, and
51-16 are regarded as one block (also, nozzles 51-21 to 51-26
as one block, nozzles 51-31 to 51-36 as one block, and so on).
The nozzles 51-11,51-12, . . ., 51-16 are sequentially driven
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according to the conveyance speed of the recording medium
214, so that printing in one line can be performed in the width
direction of the recording medium 214.

[0170] Here, for example, nozzles on both sides of the
nozzle 51-13 mean nozzles 51-12 and 51-14. That is, the
non-egjection correction parameter of the nozzle 51-13 is
applied to the nozzle 51-12 and the nozzle 51-14. As
described above, the nozzles on the both sides in the present
embodiment mean nozzles which deposit ink droplets at an
adjacent position in the main scanning direction.

[0171] Meanwhile, printing in the sub scanning direction
(corresponding to the second direction) is performed by
repeatedly performing in the recording medium conveyance
direction the printing in one line (a line composed of dots in
one row or a line composed of dots in a plurality of rows)
formed in the main scanning direction as described above
while conveying the recording medium 214.

[0172] Inthepresentembodiment, the arrangement form of
the nozzles 51 on the head 50 is not limited to the example in
the drawing. For example, the nozzles may be arranged lin-
early in one row, arranged in a V shape, or arranged in a
broken line shape such as a zigzag shape (a W shape or the
like) in which the arrangementinaV shape is repeated instead
of the matrix arrangement shown in FIGS. 8A and 8B.
[0173] In the present embodiment, a method of jetting ink
droplets by deforming the actuator represented by the piezo
element (piezoelectric element) is employed. However, the
method of ejecting ink is not particularly limited in carrying
out the present invention. Various methods may be applied,
such as a thermal-jet method in which ink is heated by a heat
generator such as a heater to generate air bubbles, and ink
droplets are jetted by the pressure, instead of the piezo-jet
method.

[Description of a Control System]

[0174] FIG. 121s ablock diagram illustrating the schematic
configuration of a control system of the ink-jet recording
apparatus 200. The ink-jet recording apparatus 200 includes a
communication interface 340, a system control unit 342, a
conveyance control unit 344, an image processing unit 346,
and a head driving unit 348, and also includes an in-line
detecting unit 366, and a non-ejection correction parameter
optimizing unit 386.

[0175] The communication interface 340 is an interface
unit which receives image data sent from a host computer
354. A serial interface such as a USB (universal serial bus), or
aparallel interface such as a centronics may be applied as the
communication interface 340. The communication interface
340 may be also equipped with a buffer memory (not shown)
for speeding up communications.

[0176] The system control unit 342 is composed of a central
processing unit (CPU), peripheral circuits, or the like. The
system control unit 342 functions as a controlling device
which controls the entire ink-jet recording apparatus 200
according to a predetermined program, functions as an arith-
metic device which performs various arithmetic operations,
and further functions as a memory controller for an image
memory 350 and a ROM 352. That is, the system control unit
342 controls the respective units such as the communication
interface 340 and the conveyance control unit 344, controls
communications with the host computer 354 and reading and
writing of the image memory 350 and the ROM 352, and
generates a control signal for controlling the above respective
units.
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[0177] The system control unit 342 also includes the con-
trol unit 150 shown in FIG. 2.

[0178] The image data fed from the host computer 354 is
loaded into the ink-jet recording apparatus 200 via the com-
munication interface 340, and subjected to predetermined
image processing in the image processing unit 346.

[0179] The image processing unit 346 is a control unit
which is provided with a signal (image) processing function
to perform processing such as various manipulations and
corrections for generating a printing controlling signal from
the image data, and supplies the generated printing data to the
head driving unit 348. The image processing unit 346 gives
desired signal processing. The amount of ejected droplets (the
amount of deposition) or the timing of ejection of the head 50
is controlled via the head driving unit 348 based on the image
data. Accordingly, a desired dot size or dot arrangement is
achieved. The head driving unit 348 shown in FIG. 12 may
include a feedback control system which maintains constant
conditions for driving the head 50.

[0180] The conveyance control unit 344 controls the con-
veyance timing and the conveyance speed of the recording
medium 214 (see FIG. 7) based on the printing controlling
signal generated by the image processing unit 346. A convey-
ance driving unit 356 shown in FIG. 12 includes a motor for
rotating the impression cylinders 234 to 264 in FIG. 7, a
motor for rotating the transfer cylinders 232 to 262, a motor of
the feeding mechanism for the recording medium 214 in the
paper feeding unit 220, and a motor for driving the tension
roller 272 A (272B) of the discharging unit 270. The convey-
ance control unit 344 functions as a controller for the above
motors.

[0181] The image memory (primary storage memory) 350
has a function as a primary storage device which temporarily
stores the image data input via the communication interface
340, and a function as an expansion area for various programs
stored in the ROM 352 and an arithmetic work area for the
CPU (e.g., a work area of the image processing unit 346). A
volatile memory (RAM) capable of sequential reading and
writing is used as the image memory 350.

[0182] The program executed by the CPU of the system
control unit 342, and various data and control parameters
required in controlling the respective units of the apparatus
are stored in the ROM 352. The data is read and written via the
system control unit 342. The ROM 352 is not limited to a
memory composed of a semiconductor element, and a mag-
netic medium such as a hard disk may be also employed. Also,
an external interface may be provided so as to use a removable
storage medium.

[0183] Theink-jetrecording apparatus 200 further includes
a treatment liquid application control unit 360, a drying treat-
ment control unit 362, and a fixing treatment control unit 364.
The ink-jet recording apparatus 200 controls the operations of
the respective units such as the treatment liquid applying unit
230, the drying treatment unit 250, and the fixing treatment
unit 260 according to an instruction from the system control
unit 342.

[0184] The treatment liquid application control unit 360
controls the timing of treatment liquid application and also
controls the application amount of treatment liquid based on
the printing data obtained from the image processing unit
346. The drying treatment control unit 362 controls the timing
of drying treatment in the drying treatment device 256, and
also controls the treatment temperature, the amount of air
blowing or the like. The fixing treatment control unit 364
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controls the temperature of the heater 266, and also controls
the pressing of the fixing roller 268.

[0185] The in-line detecting unit 366 is a processing block
including a signal processing unit which gives predetermined
signal processing such as noise removal, amplification, and
waveform shaping to the read signal output from the in-line
sensor 282 shown in FIG. 7. The system control unit 342
determines whether or not the ejection from the head 50 is
abnormal based on the detection signal obtained by the in-line
detecting unit 366.

[0186] The ink-jet recording apparatus 200 described in the
present embodiment includes a user interface 370, and the
user interface 370 includes an inputting device 372 which
allows an operator (user) to input various information, and a
display unit (display) 374. Various forms such as a keyboard,
amouse, a touch panel, and a button may be employed as the
inputting device 372. An operator can input printing condi-
tions, select an image quality mode, input and edit accompa-
nying information, and search information by operating the
inputting device 372, and can also check various information
such as an input content and a search result through display on
the display unit 374. The display unit 374 also functions as a
device for displaying warning such as an error message. The
display unit 374 in FIG. 12 may be applied as a display as an
alarming device in the control system shown in FIG. 7.
[0187] Various control parameters required in the opera-
tions of the ink-jet recording apparatus 200 are stored in a
parameter storage unit 380. The system control unit 342
appropriately reads out a parameter required in the control,
and, if necessary, updates (rewrites) the various parameters.
The nozzle number of the non-ejection nozzle is also stored as
non-ejection nozzle information.

[0188] A program storage unit 384 is a storage device in
which the control program for operating the ink-jet recording
apparatus 200 is stored.

[0189] The non-ejection correction parameter optimizing
unit 386 includes the non-ejection correction parameter stor-
age unit 152, the test chart data generating unit 154, the test
chart data storage unit 156, the test chart read data storage unit
160, and the non-ejection correction parameter updating unit
164 shown in FIG. 2.

[0190] The test chart data generated in the non-ejection
correction parameter optimizing unit 386 is input to the sys-
tem control unit 342. The system control unit 342 drives the
head 50 by the head driving unit 348, and records the test chart
on the recording medium 214.

[0191] The test chart is read by the in-line sensor 282,
subjected to the predetermined signal processing in the in-
line detecting unit 366, and then input to the system control
unit 342. The non-ejection correction parameter optimizing
unit 386 evaluates the read data, and updates the non-ejection
correction parameter.

[Operation of the Ink-Jet Recording Apparatus]

[0192] FIG. 13 is a flowchart illustrating an image record-
ing operation of the ink-jet recording apparatus 200.

(Step S11: One Example of a Data Acquiring Step)

[0193] First, the system control unit 342 (one example of a
data acquiring device) acquires the output image data. The
output image data is acquired via the communication inter-
face 340.
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(Step S12: One Example of a Non-Ejection Nozzle
Identifying Step)

[0194] Subsequently, the system control unit 342 (one
example of a non-ejection nozzle identifying device) acquires
the non-ejection nozzle information. As described above, the
nozzles 51 are arranged in a matrix on the head 50. If there is
a nozzle which does not eject ink, dots are not formed in a
certain region, and a white stripe is generated in the output
image.

[0195] The non-ejection nozzle information can be
acquired by, for example, outputting a test chart for detecting
non-gjection, and reading the output test chart. The non-
ejection nozzle may be also detected by detecting whether or
not ink is ejected from each nozzle by a sensor. The non-
ejection nozzle information acquired as described above is
stored in the parameter storage unit 380. Here, the system
control unit 342 reads out the non-ejection nozzle informa-
tion from the parameter storage unit 380.

(Step S13)

[0196] Subsequently, the system control unit 342 acquires
the non-ejection correction parameter of the non-ejection
nozzle. Here, the non-ejection correction parameters for all
the nozzles obtained by the optimizing process shown in FI1G.
4 are stored in the non-ejection correction parameter storage
unit 152.

[0197] The non-ejection correction parameter storage unit
152 stores the non-ejection correction parameters with
respect to each tone. The system control unit 342 acquires a
tone corresponding to the non-ejection nozzle from the image
data acquired in step S11, and acquires the non-ejection cor-
rection parameter in the tone.

(Step S14: One Example of a Non-FEjection Correcting Step)

[0198] The image processing unit 346 (one example of a
non-ejection correcting device) acquires the non-ejection
correction parameter of the non-ejection nozzle from the
system control unit 342, performs the non-ejection correction
of the image data acquired in step S11, and generates the
printing controlling signal.

(Step S15: One Example of a Recording Controlling Step)

[0199] The head driving unit 348 controls the amount of
ejected droplets and the timing of ejection of the head 50
based on the printing controlling signal, and records the out-
put image on the recording surface of the recording medium
214.

[0200] The white stripe generated by the non-ejection
nozzle can be appropriately corrected by performing the non-
ejection correction of the non-ejection nozzle by use of the
optimized non-ejection correction parameter, and recording
the output image as described above.

[0201] The technical scope of the present invention is not
limited to the scope of the aforementioned embodiments. The
configurations or the like in the respective embodiments may
be combined as appropriate between the respective embodi-
ments without departing from the gist of the present inven-
tion.

What is claimed is:

1. An apparatus for optimizing a non-ejection correction
parameter of an ink-jet head, comprising:
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a test chart data generating device which generates test
chart data based on the non-ejection correction param-
eter for each of a plurality of nozzles provided on the
ink-jet head;

a read data acquiring device which acquires read data of a
test chart recorded on a recording medium by ejecting
ink from the plurality of nozzles based on the test chart
data while relatively moving the ink-jet head and the
recording medium;

an evaluating device which evaluates a correction intensity
of the non-ejection correction parameter for each of the
nozzles based on the acquired read data;

a parameter updating device which updates the non-ejec-
tion correction parameter for each of the nozzles based
on a single variable root-finding algorithm using itera-
tion method from the evaluated correction intensity;

a controlling device which optimizes the non-ejection cor-
rection parameter for each of the nozzles by repeatedly
executing the operations of the test chart data generating
device, the read data acquiring device, the evaluating
device, and the parameter updating device; and

an outputting device which outputs the optimized non-
ejection correction parameter for each of the nozzles.

2. The apparatus for optimizing a non-ejection correction
parameter of an ink-jet head according to claim 1, wherein
Brent’s method is employed as the single variable root-find-
ing algorithm using iteration method.

3. The apparatus for optimizing a non-ejection correction
parameter of an ink-jet head according to claim 1, wherein the
controlling device repeatedly executes the operations up to a
predetermined number of times.

4. The apparatus for optimizing a non-ejection correction
parameter of an ink-jet head according to claim 1, further
comprising a determining device which determines whether
or not the evaluated correction intensity is smaller than a
predetermined value,

wherein the controlling device repeatedly executes the
operations until the evaluated correction intensity is
determined to be smaller than the predetermined value.

5. The apparatus for optimizing a non-ejection correction
parameter of an ink-jet head according to claim 1, wherein the
test chart has a simulated non-ejection region formed by a first
nozzle, a non-ejection correction region formed by second
nozzles on both sides of the first nozzle, and a constant-
density region formed by a third nozzle other than the first
nozzle and the second nozzles, a plurality of stages in each of
which the simulated non-ejection regions are arranged at a
predetermined interval in a first direction being arranged in a
second direction perpendicular to the first direction, and the
simulated non-ejection regions in the plurality of stages being
arranged at different positions from each other with respect to
the first direction, and

the test chart data is data which does not cause the first
nozzle to eject ink, causes the third nozzle to eject ink at
an instruction value of a predetermined density, and
causes the second nozzles to eject ink at an instruction
value obtained by correcting the instruction value of the
predetermined density based on the non-ejection correc-
tion parameter of the first nozzle adjacent thereto.

6. The apparatus for optimizing a non-ejection correction
parameter of an ink-jet head according to claim 5, wherein the
test chart further includes a reference region stage obtained by
causing all the nozzles to eject ink at the instruction value of
the predetermined density.
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7. The apparatus for optimizing a non-ejection correction
parameter of an ink-jet head according to claim 5, wherein the
correction intensity is a difference between a density value of
the read data around the simulated non-ejection region and a
density value of the predetermined density.

8. The apparatus for optimizing a non-ejection correction
parameter of an ink-jet head according to claim 5, wherein the
non-ejection correction parameter for each of the nozzles is
provided with respect to each density, and

the controlling device optimizes the non-ejection correc-

tion parameter at the instruction value of the predeter-
mined density.

9. The apparatus for optimizing a non-ejection correction
parameter of an ink-jet head according to claim 1, wherein the
non-ejection correction parameter for each of the nozzles is
composed of a plurality of parameters expressed with a com-
mon variable, and

the parameter updating device updates the common vari-

able.

10. An ink-jet printer comprising:

an ink-jet head which is provided with a plurality of

nozzles for ejecting ink; and

an apparatus for optimizing a non-ejection correction

parameter of the ink-jet head, wherein

the apparatus for optimizing a non-ejection correction

parameter is the apparatus defined in claim 1.
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