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Description
BACKGROUND
Technological Field

[0001] The present disclosure relates to an inkjet re-
cording apparatus and a method of setting for supple-
menting a defective nozzle.

Description of the Related Art

[0002] There is an ink jet recording apparatus that
records/forms an image, a thin film, a three-dimensional
structure, and/or the like by ejecting ink from nozzles. A
recent inkjet recording apparatus has a large number of
nozzles some of which may have ejection defects. Ex-
amples of the ejection defects include a lack of ink ejec-
tion, an abnormal ink ejection volume, and an abnormal
ejection direction. There is known a conventional tech-
nique of, when a defective nozzle is present, supplement-
ing ink ejection of the defective nozzle with its nearby
nozzle(s).

[0003] Ink droplets having landed on a recording me-
dium may move, before fixing to the recording medium,
in a way peculiar to the liquid, such as liquid gathering
or permeation. JP 2014-43076A discloses a technique
of changing a reference as to whether or not to supple-
ment a nozzle having an abnormal ejection direction in
consideration of liquid gathering that varies depending
on the ejection timing.

SUMMARY

[0004] However, there are various factors that cause
the abnormal ink ejection direction, and many nozzles
may have a deviation in the ejection direction inconsid-
erable in normal image recording. Hence, when a nozzle
used for supplementing a defective nozzle has a slight
deviation in the ink ejection direction, a simple supple-
menting process disclosed in JP 2014-43076A or the like
may not maintain quality of recording appropriately.
[0005] Objects of the present disclosure include pro-
viding an inkjet recording apparatus and a method of set-
ting for supplementing a defective nozzle that maintain
quality of recording more securely.

[0006] In order to achieve at least one of the above-
mentioned objects, according to an aspect of the present
invention, the following is provided.

1. Aninkjet recording apparatus including a recorder
that includes nozzles to eject ink; and a controller
that controls operation of the recorder, wherein the
controller determines, for a defective nozzle having
adefectinink ejection, afirst nozzle having an actual
ink landing position, where the ink lands, closest to
areference ink landing position of the defective noz-
zle as a supplementing nozzle that supplements the
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defect of the defective nozzle.

2. Preferably, the inkjet recording apparatus accord-
ing to item 1, further includes a storage that stores
ejection information on actual ink landing positions
of the nozzles, wherein the controller determines a
distance between each of the actual ink landing po-
sitions and the reference ink landing position based
on the ejection information.

3. Preferably, in the inkjet recording apparatus ac-
cording to item 1 or 2, the recorder can eject the ink
with multiple ink droplet volumes from each of the
nozzles, and the controller adds a defective-nozzle
set value corresponding to an ink droplet volume to
be ejected from the defective nozzle to a first set
value corresponding to an ink droplet volume to be
ejected fromthefirstnozzle, and causes the recorder
to eject ink from the first nozzle with an ink droplet
volume corresponding to the first set value after the
addition.

4. Preferably, in the inkjet recording apparatus ac-
cording to item 3, in response to the first set value
after the addition exceeding a predetermined maxi-
mum set value, the controller transfers a first differ-
ence between the first set value after the addition
and the maximum set value to a set value corre-
sponding to an ink droplet volume to be ejected from
a nozzle different from the first nozzle.

5. Preferably, in the inkjet recording apparatus ac-
cording to item 4, the controller adds the first differ-
ence to a second set value corresponding to an ink
droplet volume to be ejected from, as the nozzle dif-
ferent from the first nozzle, a second nozzle having
an actual ink landing position second closest to the
reference inklanding position of the defective nozzle,
and adjusts the first set value to the maximum set
value.

6. Preferably, in the inkjet recording apparatus ac-
cording to item 5, in response to (i) the second set
value after the addition exceeding the maximum set
value and (ii) the defect of the defective nozzle being
an abnormalink landing position, the controller caus-
es the recorder to eject the ink from the defective
nozzle with an ink droplet volume corresponding to
a second difference between the second set value
after the addition and the maximum set value, and
adjusts the second set value to the maximum set
value.

7. Preferably, in the inkjet recording apparatus ac-
cording to any one of items 1 to 6, the controller de-
termines the first nozzle from the nozzles including
a landing-position defective nozzle having an abnor-
mal ink landing position.

8. Preferably, in the inkjet recording apparatus ac-
cording to any one of items 4 to 6, the controller de-
termines the nozzle different from the first nozzle
from the nozzles including a landing-position defec-
tive nozzle having an abnormal ink landing position.
9. Preferably, in the inkjet recording apparatus ac-
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cording to item 7 or 8, in response to a set value
corresponding to an ink droplet volume to be ejected
from the determined nozzle being equal to or greater
than a first reference value or not, the controller de-
termines whether or not to cause the determined
nozzle to supplement the defect of the defective noz-
zle.

10. Preferably, in the inkjet recording apparatus ac-
cording to any one of items 1 to 9, in response to (i)
a first set value corresponding to an ink droplet vol-
ume to be ejected from the first nozzle being smaller
than a predetermined second reference value and
(ii) a distance between a reference ink landing posi-
tion and the actual ink landing position of the first
nozzle being equal to or greater than a predeter-
mined reference distance, the controller does not
use the first nozzle as a first choice of the supple-
menting nozzle.

11. Preferably, in the inkjet recording apparatus ac-
cording to any one of items 1 to 10, the recorder
ejects the ink to a fabric.

12. Preferably, the inkjet recording apparatus ac-
cording to any one of items 1 to 11, further includes
a storage that stores ejection information on actual
ink landing positions of the nozzles, wherein the con-
troller causes the recordertorecord a predetermined
test pattern on a recording medium by causing the
recorder to eject ink droplets of the ink from the re-
spective nozzles so as to land on the recording me-
dium in predetermined arrangement, and generates
the ejection information based on the actual ink land-
ing positions in the test pattern.

13. Preferably, the inkjet recording apparatus ac-
cording to item 12, the recorder can eject the ink with
multiple ink droplet volumes from each of the noz-
zles, and the controller causes the recorder to record
the test pattern by causing the recorder to eject the
ink from the respective nozzles with a second small-
est ink droplet volume or grater among the multiple
ink droplet volumes.

14. Preferably, the inkjet recording apparatus ac-
cording to item 12 or 13, further includes a reader
thatreads a surface of the recording medium, where-
in the controller causes the reader to read the test
pattern and determines the actual ink landing posi-
tions of the nozzles.

15. Preferably, the inkjet recording apparatus ac-
cording to any one of items 12 to 14, further includes
a conveyer that conveys the recording medium,
wherein the controller causes the recorder to eject
the ink to the recording medium while causing the
conveyer to move the recording medium in a prede-
termined conveyance direction, and in the test pat-
tern, lines extending in the conveyance direction are
formed with the ink droplets ejected from the respec-
tive nozzles and are arranged so as to be distinguish-
able from one another.

16. Preferably, in the inkjet recording apparatus ac-
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cording to any one of items 1 to 15, the controller
calculates the actual ink landing position based on
a distance between a recording medium and open-
ings of the nozzles.

17. Preferably, in the inkjet recording apparatus ac-
cording toitem 16, the controller calculates the actual
ink landing position based on a distance between a
recording medium and openings of the nozzles.

18. Preferably, in the inkjet recording apparatus ac-
cording to any one of items 1 to 17, the recorder
includes a recording head including the nozzles ar-
ranged two-dimensionally, and the actual ink landing
position includes a systematical deviation corre-
sponding to an error in mounting the recording head.
19. Amethod of setting for supplementing a defective
nozzle of a recorder that includes nozzles to eject
ink, including determining, for a defective nozzle hav-
ing a defect in ink ejection, a first nozzle having an
actual ink landing position closest to a reference ink
landing position of the defective nozzle as a supple-
menting nozzle that supplements the defect of the
defective nozzle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The advantages and features provided by one
or more embodiments of the invention will become more
fully understood from the detailed description given here-
inbelow and the appended drawings which are given by
way of illustration only, and thus are no intended as a
definition of the limits of the present invention, wherein:

FIG. 1 is a perspective view of an inkjet recording
apparatus;

FIG. 2 is a bottom view of a head unit viewed from
a surface thereof that faces a conveyance surface;
FIG. 3 is a block diagram showing components of
the inkjet recording apparatus by function;

FIG. 4A is a diagram to explain how to select sup-
plementing nozzles;

FIG. 4B is a diagram to explain how to select sup-
plementing nozzles;

FIG. 5A shows a pattern of setting supplementing
nozzles;

FIG. 5B shows a pattern of setting supplementing
nozzles;

FIG. 5C shows a pattern of setting supplementing
nozzles;

FIG. 5D shows a pattern of setting supplementing
nozzles;

FIG. 6A shows an example of a test image to obtain
information on ink landing positions and defects in
ink ejection;

FIG. 6B shows another example of the testimage to
obtain information on ink landing positions and de-
fects in ink ejection;

FIG. 7 is a flowchart showing control steps of an ink
ejection state determination process;
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FIG. 8 is a flowchart showing control steps of an im-
age data adjustment process;

FIG. 9 is a flowchart showing control steps of the
image data adjustment process;

FIG. 10 is a flowchart showing control steps of a sup-
plementing nozzle determination process that is
called in the image data adjustment process;

FIG. 11A is a diagram to explain an incline of a re-
cording head according to a modification; and

FIG. 11B is a diagram to explain the incline of the
recording head according to the modification.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0008] Hereinafter, one or more embodiments of the
presentinvention is described with reference to the draw-
ings. However, the scope of the invention is not limited
to the disclosed embodiments.

[0009] FIG. 1is a perspective view of an inkjet record-
ing apparatus 100 in an embodiment of the present dis-
closure.

[0010] The inkjet recording apparatus 100 has a plu-
rality of, here eight, line heads, and is capable of record-
ing a colorimage by ejecting ink with a single pass meth-
od. The inkjet recording apparatus 100 includes a con-
veyer 10, recorders 20, an ink supplier 30, and an imager
42 (reader).

[0011] The conveyer 10 includes a driving roller 11, a
conveyance driver 12, and a conveyance belt 14. The
conveyance driver 12 has a rotation motor that causes
the driving roller 11 to rotate at a predetermined speed.
The endless conveyance belt 14 is stretched around the
driving roller 11 and a driven roller (not illustrated) to be
a loop. Rotation of the driving roller 11 makes the con-
veyance belt 14 move circularly. The outer circumferen-
tial surface of the conveyance belt 14 serves as a con-
veyance surface. The conveyer 10 places a recording
medium in a predetermined area on the conveyance sur-
face and conveys the recording medium in the circular
movement direction (movement direction of the record-
ing medium being conveyed, namely the conveyance di-
rection) according to the circular movement of the con-
veyance belt 14. In this embodiment, the type of recording
medium is a continuous fabric or the like. The conveyer
10 keeps sending out, for example, a rolled fabric, places
it on the conveyance surface, and conveys it.

[0012] Each of the recorders 20 includes a head unit
21 (see FIG. 2), a carriage 22, and a pair of carriage
lifters 23. The number of recorders 20 corresponds to
the number of colors of ink. Herein, eight recorders 20
are provided. The carriage 22 extends in a direction in-
tersecting (in this embodiment, orthogonal to) the con-
veyance direction of the conveyer 10 on a plane parallel
to the conveyance surface. The carriage 22 is provided
above (in the height direction of) the conveyance surface
of the conveyer 10 conveying the recording medium. The
head unit 21 is fixed to the carriage 22 such that ink drop-
lets can be ejected from openings of nozzles N (see FIG.
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2) over the entire width of the recording medium being
conveyed (recordable width in the width direction; some
margin may be present at one end or both ends). Each
of the eight head units 21 includes recording elements
26 (see FIG. 3) that include the nozzles N, ink flow paths
(ink chambers), and elements for ejecting ink from the
nozzles N (electromechanical conversion elements 252
to be described later, see FIG. 3). The number of record-
ing elements 26 (atleast two) is appropriately determined
according to the recording resolution, the size of record-
ing medium on which the inkjet recording apparatus 100
can record images, and the like. The carriages 22, name-
ly the recorders 20, are provided at positions different
from each other in the conveyance direction. Each of the
carriages 22 is provided such thatits position in the height
direction can be changed by the pair of carriage lifters
23. As the carriage 22 moves, the distance between the
head unit 21 and the conveyance surface changes. By
recording operation performed by the recording elements
26, the recording elements 26 eject ink and thereby
record (form) an image on the recording medium.
[0013] The pair of carriage lifters 23 changes the dis-
tance between the carriage 22 and the conveyance sur-
face. The pair of carriage lifters 23 includes lifting motors
232, electromagnetic brakes 233, beam members 234,
and supporters 235.

[0014] Two beam members 234 are provided above
the conveyance belt 14 (conveyance surface for the re-
cording medium) to be substantially parallel to each other
in the direction intersecting the conveyance direction
(herein, in the direction orthogonal to the conveyance
direction, namely in the width direction). The supporters
235 are fixed to the respective ends of each beam mem-
ber 234. The lifing motors 232, the electromagnetic
brakes 233, and the carriage 22 are fixed to the support-
ers 235.

[0015] The position of the carriage 22 is changed up-
wards/downwards and fixed by operation of the lifting
motors 232 and the electromagnetic brakes 233 driven
in accordance with control signals from a controller 50
(see FIG. 3).

[0016] The lifting motors 232 move the carriage 22 at
a predetermined ascending/descending speed. As the
lifting motors 232, servomotors or stepping motors are
used, for example.

[0017] The electromagnetic brakes 233 maintain the
fixed state of the carriage 22. When the electromagnetic
brakes 233 release the fixed state in accordance with
drive signals, the carriage 22 is temporarily movable by
the lifting motors 232. In a normal state including a state
at the time when the power supply is off, the electromag-
netic brakes 233 fix the carriage 22. As the electromag-
netic brakes 233, disc brakes are used, for example.
[0018] The ink supplier 30 stores ink of various colors
to be used in image recording, and supplies the ink to
the head units 21. In this embodiment, ink tanks 31 for
the ink of the respective colors are placed in a dedicated
rack 32 and connected to the corresponding head units
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21 that eject the ink of the respective colors through pipes
or tubes. The colors of the ink are not specifically limited.
In this embodiment, ink of eight different colors including
C (cyan), M (magenta), Y (yellow), K (black), and, for
example, P (pink), S (sky), G (gray), and O (orange) is
supplied. Ink of all these colors may not be supplied. The
head units 21 eject the ink of the respective colors as
fine dots from the nozzles, so that the fine dots land on
the recording medium, thereby recording a mixed color
image. The mixed color image is expressed with an ink
density corresponding to the number and size of ink drop-
lets of each color, and combination of densities of the
respective colors. The ink colors that are stored in the
ink storing tanks 31 and supplied to the head units 21
may be changed with other colors.

[0019] Theimager42is provided downstream fromthe
recorders 20 in the conveyance direction. The imager 42
images and reads a surface(s) of the recording medium
on which an image has been recorded by the recorders
20 (or the recording medium that has passed through the
recorders 20 with no image recorded thereon). The im-
ager 42 may include an illuminator (not illustrated). The
illuminator approximately uniformly illuminates the sur-
face of the recording medium to be imaged by the imager
42,

[0020] The imager 42 includes, for example, a one-
dimensional imaging sensor. In this embodiment, the
one-dimensional imaging sensor has a plurality of imag-
ing elements arranged at least in the width direction over
the width of the conveyance belt 14. The conveyer 10
operates to move the recording medium in the convey-
ance direction, thereby allowing the imager 42 to image
the surface of the recording medium two-dimensionally.
As the imaging sensor, a CCD (Charge Coupled Device)
sensor, aCMOS (Complementary Metal Oxide Semicon-
ductor) sensor, or the like is used. Each imaging element
in the imaging sensor performs imaging operation of out-
putting an amount of electric charges and a voltage that
correspond to the amount of light input to a light receiving
element from the surface of the recording medium via an
optical system (lens). In this embodiment, the imaging
sensor can perform imaging at each of R, G, and B wave-
length bands (multiple wavelength bands). Thus, the im-
ager 42 can obtain and read a color image. The distance
between the imager 42 and the conveyance surface may
be changeable, as with the distance between the carriage
22 and the conveyance surface.

[0021] FIG. 2 is a bottom view of the head unit 21
viewed from the surface thereof that faces the convey-
ance surface.

[0022] Because the head units 21 for the respective
colors of ink have the same shape and configuration, the
description made herein refers to any one of the head
units 21.

[0023] In this embodiment, the head unit 21 includes
eight recording heads 211 fixed thereto. On the bottom
surface of each recording head 211, openings of the noz-
zles N are arranged at a predetermined nozzle pitch in
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the width direction. The positions of the openings of the
nozzles N in the conveyance direction may be different
from each other as long as the openings are arranged at
predetermined intervals in the width direction. In this em-
bodiment, the openings of the nozzles N of the recording
head 211 are arranged to be staggered. The number and
size of the openings of the nozzles N shown in FIG. 2
are for explanation. The actual number of the nozzles N
is larger, and the actual size of the openings is sufficiently
smaller than the width of the arrangement area of the
nozzles N in the width direction.

[0024] The eight recording heads 211 included in one
head unit 21 are arranged at different positions to be
staggered, thereby having different arrangement areas
of the openings of the nozzles N in the width direction.
Thus, the recording heads 211 perform image recording
on different recording areas. The arrangement areas in
the width direction of the nozzles N of the adjacent re-
cording heads 211 slightly overlap on one another at the
edges. By combining the recording areas in the width
direction of the eight recording heads 211, the head unit
21 can eject ink over the entire width in the width direction
of the recording medium from the nozzles of the respec-
tive recording heads 211 with the above-mentioned noz-
zle pitch. The recording medium may have some margin
at both ends thereof in the width direction.

[0025] FIG. 3is a block diagram showing components
of the inkjet recording apparatus 100 by function.
[0026] The inkjetrecordingapparatus 100 includes the
conveyer 10, the recorders 20, a detector 40, the con-
troller 50, a storage 60, a communication unit 70, a dis-
play 81, an operation receiver 82, and a bus 90. The
conveyer 10 has the conveyance driver 12 described
above. The detector 40 includes the imager 42 described
above.

[0027] The recorders 20 include a carriage driver 24
and aheaddriver 25 as well as the above-described com-
ponents. The carriage driver 24 outputs drive signals to
the above-described lifting motors 232, the electromag-
netic brakes 233, and so forth to operate or fix them. As
described above, the recording elements 26 include the
electromechanical conversion elements 252 and the
nozzles N.

[0028] The head driver 25 includes a recording con-
troller 251. Under the control of the controller 50, the re-
cording controller 251 outputs a drive signal(s) to change
a pressure applied to ink in the ink flow paths communi-
cating with the nozzles N of the recording heads 211. As
components to change the pressure, for example, the
electromechanical conversion elements 252 (in this em-
bodiment, piezoelectric elements) are used. When the
electromechanical conversion elements 252 deform with
the voltage applied thereto (i.e., output voltage in accord-
ance with the drive signal), the ink flow paths, especially
pressure chambers formed to have the size and shape
for appropriately changing the pressure, deform. For the
drive signals, predetermined voltage waveform patterns
are prepared. Whether or not to output the drive signals
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having the voltage waveform patterns to the electrome-
chanical conversion elements 252 of the respective noz-
Zles is determined in accordance with control signals
from the controller 50 and data for driving the head driver
25 (halftone image data). By the deformation of the elec-
tromechanical conversion elements 252 (recording op-
eration of the recording elements 26) in accordance with
the drive signals, ink is pushed out from the nozzles N,
separated from ink in the ink flow paths by an appropriate
volume, and ejected as ink droplets. Herein, ink ejection
volume (ink droplet volume) can be set to multiple levels,
for example, three levels. The voltage waveform patterns
correspond to the set ink ejection volumes.

[0029] The detector 40 includes an encoder 43 as well
as the above-described imager 42. The encoder 43 de-
tects rotation of the rotation motor or the driving roller 11
ofthe conveyance driver 12, and outputs a signal at every
predetermined angle of rotation in the rotation direction.
[0030] The controller 50 integrally controls the entire
operation of the inkjet recording apparatus 100. The con-
troller 50 includes a CPU (Central Processing Unit) 51
and a RAM (Random Access Memory) 52. The controller
50 performs various processes for image recording
based on image data, status signals or clock signals of
components, and the like. The controller 50 also performs
processes for: adjusting operation related to ink ejection
from the nozzles N; detecting defects in ink ejection op-
eration and dealing with the defects; detecting deterio-
ration in image quality and adjusting the image quality;
and so forth.

[0031] The CPU 51 performs various arithmetic proc-
esses, and controls conveyance of recording media, sup-
ply and ejection of ink, reading operation of recorded im-
ages, and so forth in the inkjet recording apparatus 100.
The CPU 51 performs calculation and control for the var-
ious processes described above in accordance with pro-
grams read out from the storage 60.

[0032] The RAM 52 provides a working memory space
for the CPU 51 and stores temporary data. Some of the
temporary data may be appropriately stored in a DRAM
area in the storage 60.

[0033] The storage 60 stores programs 61, various
types pf setting data, job data 64 related to image record-
ing instructions, and so forth. The job data 64 includes
image data as a recording target, processed data of the
image data, and information on operation settings. The
programs 61 include a program for determining defective
nozzles that have a defect(s) in ejecting ink, programs
for various types of image processing, and a program for
supplementing the defective nozzles, and the like. The
setting data includes a defective nozzle list 62 that shows
positions of the defective nozzles and ejection position
information 63 (ejection information) on the ink ejection
directions of the nozzles N.

[0034] The storage 60 in this embodiment includes a
volatile memory, such as a DRAM, and a nonvolatile
memory. The temporary data, such as job data and
processing data, is stored in the volatile memory, proc-
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essed at a high speed, and may be deleted after the
image recording finishes. The programs, setting data,
and the like are stored in the nonvolatile memory and
retained even while the electric power being not supplied
to the inkjet recording apparatus 100. Some of the pro-
grams and setting data, for example, initial data and a
basic program, may be stored in the ROM or the like that
is not erasable or rewritable instead of in the nonvolatile
memory.

[0035] The communication unit 70 is a communication
interface that controls communications with external ap-
paratuses. The communication interface includes, for ex-
ample, one or more network cards, such as a LAN card,
for various communication protocols. The communica-
tion unit 70 can obtain image data as the recording target
and job data including settings for image recording from
the external apparatuses, and send status information
and so forth to the external apparatuses under the control
of the controller 50.

[0036] The display 81 displays the status of the inkjet
recording apparatus 100, an operation menu, and so
forth on the display screen in response to control signals
from the controller 50. As the display screen, a liquid
crystal screen is used, for example. The display 81 may
include an LED lamp or the like that notifies presence/ab-
sence of power supply, errors, and/or the like.

[0037] The operation receiver 82 receives operations
made by a user and outputs them to the controller 50.
The operation receiver 82 includes, for example, a touch
sensor. The touch sensor may be superposed on the
display screen of the display 81 and used as a touch-
screen. The controller 50 outputs, to the controller 50,
information on the position and type of a touch detected
by the touch sensor. The operation receiver 82 may have
a push-button switch and/or a numeric keypad.

[0038] The bus 90 is a channel that electrically con-
nects the controller 50 and the components exchanging
signals with the controller 50, and transmits the signals.
[0039] Next, control of ink ejecting operation in this em-
bodiment is described.

[0040] The inkjet recording apparatus 100 records a
two-dimensional image by ejecting ink from the nozzles
N while conveying a recording medium. The inkjet re-
cording apparatus 100 determines, on the basis of the
halftone image data, presence/absence of ink ejection
and the volume of ink to be ejected at each pixel position.
The pixel positions are determined by combinations of
ejection timings during the conveyance and positions of
the nozzles N.

[0041] Asdescribedabove, some ofthe nozzles N may
have defects in ejecting ink (ejection defects). The ejec-
tion defects include: lack of ink ejection (i.e. no ink is
ejected); an abnormal ejection volume (mostly, reduction
in the volume); an abnormal ejection speed; and an ab-
normal ejection direction. The ejection defects are
caused by abnormality in driving circuits including the
electromechanical conversion elements, clogging of noz-
zles, adhesion of foreign substances to around openings
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of nozzles, and so forth. The clogging of nozzles and
adhesion of foreign substances often occurover time dur-
ing use of an inkjet recording apparatus.

[0042] The ejection direction gradually changes ac-
cording to the degree of clogging of nozzles N and the
amount and position of foreign substances adhering to
around the openings of the nozzles N with respect to an
abnormal ejection direction as an ejection defect. Wheth-
er or not a nozzle N has an abnormal ejection direction
is determined, for example, by comparing (i) a distance
between an actual landing position of ejected ink and a
reference ink landing position (hereinafter called ink-
landing-position distance) of the nozzle N and (ii) a pre-
determined reference distance (e.g. two or three times a
nozzle interval). The ink-landing-position distance de-
pends on the ejection direction of the nozzle N and a
distance between the opening of the nozzle N and the
recording medium. Because the inkjet recording appa-
ratus 100 can change the position of the carriage 22, the
inkjet recording apparatus 100 can change the distance
between the openings of the nozzles N and the recording
medium according to characteristics of the surface of the
recording medium, for example, the magnitude of fluffi-
ness thereof. Whether or not the ejection direction of the
nozzle N is abnormal may be determined on the basis of
the type of recording medium and the distance between
the openings of the nozzles N and the recording medium
calculated for each type of recording medium. Alterna-
tively, whether or not the ejection direction is abnormal
may be determined on the basis of the angle of the ink
ejection direction. Information on defective nozzles is
stored in the defective nozzle list 62. Information on the
type of recording medium may be obtained from an input
operation received by the operation receiver 82 or the
job data 64 obtained through the communication unit 70.
The operation receiver 82 and the communication unit
70 constitute an input receiver of the inkjet recording ap-
paratus 100 in this embodiment.

[0043] When the ink-landing-position distance is equal
to or shorter than the reference distance (or a difference
between the actual ink ejection angle of the nozzle N and
a reference angle is equal to or smaller than a reference
difference), the ejection is regarded as normal even if the
ink landing position slightly deviates (differs) from its ref-
erence ink landing position. Information on ink landing
positions (or ink ejection angles) of the nozzles N is stored
in the ejection position information 63.

[0044] When a defective nozzle is present, a normal
nearby nozzle(s) takes over the ink ejection setting of the
defective nozzle, thereby supplementing the defective
nozzle. As the nearby nozzle, a nozzle adjacent to the
defective nozzle in the width direction (nozzle on either
side of the defective nozzle in the width direction) is nor-
mally selected. Because the width of coverage by an ink
droplet having been ejected from a nozzle and landed
on arecording medium is wider than a nozzle interval by,
for example, two to three times, ejecting ink from its ad-
jacent nozzle is unlikely to cause severe deterioration in
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image quality. However, in an image having a uniform
density or the like, a line having a low ink density (white
streak) tends to occur at the original ink landing position
of a defective nozzle. Such a non-uniformity in density is
conspicuous.

[0045] In performing settings for supplementary ejec-
tion for a defective nozzle, the inkjet recording apparatus
100 in this embodiment preferentially selects, from its
two adjacent nozzles in the width direction, a nozzle (first
nozzle) ink of which lands at a position closer to the orig-
inal ink landing position (reference ink landing position)
of the defective nozzle as a supplementing nozzle that
supplements (complements) the defective nozzle. That
is, a nozzle having an actual ink landing position closest
to the reference ink landing position of the defective noz-
zle is preferentially selected. The ink having been sup-
plementarily ejected from the supplementing nozzle and
landed on the recording medium tends to spread towards
the original ink landing position of the defective nozzle.
This restrains occurrence of white streaks. Also, the ink
ejected from the supplementing nozzle is less likely to
overlap with ink ejected from a normal nozzle adjacent
to the supplementing nozzle on the opposite side of the
defective nozzle. This restrains occurrence of black
streaks due to locally increase in ink density as a result
of ink overlapping.

[0046] FIGS. 4A and 4B are diagrams to explain how
to select a supplementing nozzle(s). In practice, amounts
of deviation (deviation amounts) between actual ink land-
ing positions and their reference ink landing positions are
each sufficiently smaller (shorter) than the flying distance
(dropping distance) of ink. However, for explanation’s
sake, the flying distance of ink is shortened in FIG. 4A in
relation to the deviation amounts.

[0047] AsshowninFIG.4A, amongnozzles N1toN10
arranged in the width direction, nozzles N3 and N9 do
not eject ink. As shown in FIGS. 4A and 4B, a nozzle N6
has an actual ink ejection direction that inclines from a
direction perpendicular to the nozzle opening surface
(vertically downward in this embodiment) by some angle,
namely has an actual ink landing position that deviates
from its original (reference) ink landing position by +2.8
nozzle intervals, when the ink flies a predetermined flying
distance (distance perpendicular to the nozzle opening
surface). Hence, the nozzle N6 is set as a defective noz-
zle having an abnormal ink ejection direction (ejection-
direction defective nozzle).

[0048] Nozzles N2 and N4 adjacent to the defective
nozzle N3, which does not eject ink, have actual ink land-
ing positions of 0.0 and -0.4 from their respective ref-
erence ink landing positions. That is, ink ejected from the
nozzle N2 lands at its correct ink landing position, where-
as ink ejected from the nozzle N4 lands at an ink landing
position alittle far towards the original ink landing position
of the nozzle N3. Hence, the nozzle N4 is preferentially
set as a supplementing nozzle for the nozzle N3. Simi-
larly, the nozzle N5 is preferentially set as a supplement-
ing nozzle for the nozzle N6, and the nozzle N10 is pref-



13 EP 3 705 299 A1 14

erentially set as a supplementing nozzle for the nozzle
N9. Even when nozzles adjacent to a defective nozzle
have the deviation amounts in ink landing position of a
reference distance or less, preference between the ad-
jacent nozzles as supplementing nozzles may be re-
versed depending on a relationship between the actual
ink landing positions of the adjacent nozzles and the ref-
erence ink landing position of the defective nozzle.
[0049] FIGS. 5A to 5D show patterns of setting sup-
plementing nozzles. In each pattern, numerical values in
the upper row are set values (four levels) corresponding
to ink ejection volumes (three levels of volumes as de-
scribed above, and a level of no ink ejection)) originally
set in the halftone image data, and numerical values in
the lower row are set values in the halftone image data
after settings for supplementing defective nozzles are
done.

[0050] AsshowninFIG.5A, when the nozzles N4, N5,
and N10, which are preferentially set as supplementing
nozzles for the defective nozzles N3, N6, and N9, re-
spectively, are originally set not to eject ink (set values
thereof are "0"), the nozzles N4, N5, and N10 simply take
over the ink ejection settings of the nozzles N3, N6, and
N9, respectively. This mainly applies to images that have
alow gradation, require a small ink ejection volume, and
have high brightness.

[0051] Asshownin FIG. 5B, when the nozzles N4 and
N10 are originally set to eject ink (herein, original set
values of the nozzles N4 and N10 are "1"), whereas the
nozzle N5 is originally set not to eject ink, the original set
values of the nozzles N3, N6, and N9 (defective-nozzle
set values) are added to the original set values of the
nozzles N4, N5, and N10 (first set values), respectively,
so that the set values of the nozzles N4 and N10 become
"2". This mainly applies to images that have a low to me-
dium gradation and require a medium ink ejection vol-
ume.

[0052] As shownin FIG. 5C, when the total of the orig-
inal set value of a defective nozzle and the original set
value of its corresponding supplementing nozzle as the
first nozzle exceeds "3" being the maximum value that
can be set (predetermined maximum set value), the ex-
cess (difference between the original set value after the
addition and the maximum set value) is transferred to a
nozzle on the opposite side, namely a nozzle (second
nozzle) having an ink landing position second closest to
the reference ink landing position of the defective nozzle.
In this pattern, the total of the original set value "2" of the
defective nozzle N3 and the original set value "2" of the
nozzle N4 is "4", which exceeds the maximum set value.
To deal with this, the nozzle N4 is set to have the maxi-
mum set value "3", and the excess "1" is added to the
original set value of the nozzle N2 (second set value) on
the opposite side. Further, the original set value "2" of
the nozzle N9 is transferred to the nozzle N8 because
the value "2" cannot be transferred to the nozzle N10
having the original set value "3". This mainly applies to
images that have a medium to high gradation, require a
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large ink ejection volume, and have low brightness.
[0053] Herein, the nozzle N6 has an actual ink landing
position closest to the original ink landing position of the
nozzle N9. Hence, as shown in FIG. 5D, the nozzle N6
may be used as a supplementing nozzle for the nozzle
N9. That is, when a nozzle other than the nozzles next
tothe defective nozzle has an abnormal ejection direction
but has a normal ink ejection volume and ejection speed
(landing-position defective nozzle), the landing-position
defective nozzle may supplement ink ejection of the de-
fective nozzle. The supplementary ink ejection by such
landing-position defective nozzles may be limited to a
case where the ink density of an image (ejection frequen-
cy and ejection volume of each nozzle) is equal to or
greater than a predetermined reference value. An ink
droplet having a smaller volume tends to deviate more
from its reference landing position, and an ink droplet
having a longer flying distance tends to fly less stably.
Hence, determination on whether or notto include aland-
ing-position defective nozzle in supplementing nozzles
may depend on whether or not the set value of the land-
ing-position defective nozzle is equal to or greater than
a predetermined reference value (first reference value),
for example, "2".

[0054] FIGS.6Aand 6B showexamplesofatestimage
to obtain information oninklanding positions and ink ejec-
tion defects.

[0055] Detection of ink landing positions and ink ejec-
tion defects, and generation and update of the ejection
position information 63 and the defective nozzle list 62
are performed on the basis of results of reading the test
image (predetermined test pattern) with the imager 42.
The testimage is formed with ink ejected from each noz-
zle N to land at its predetermined position on the record-
ing medium. As shown in FIG. 6A, the recorder 20
records, with the respective nozzles N, individual straight
lines that extend in the conveyance direction on the re-
cording medium so as to be distinguishable from each
other. Because ink landing positions of the nozzles N
could deviate from their respective reference ink landing
positions by two or three times the nozzle interval, in order
to identify individual straight lines recorded with the noz-
zles N, straight lines adjacent to each other in the width
direction need to be separated by two or three times the
result of two or three times the nozzle interval. That is,
the straight lines need to be separated by a distance of
about4 to9timesthe nozzle interval. Between the above-
described 4 to 9 nozzle intervals, straight lines are re-
corded at different positions in the conveyance direction.
In this embodiment, eight consecutive nozzles N record
eight straight lines L at different positions in the convey-
ance direction, so that the positions of straight lines L in
the conveyance direction are determined in units of eight
lines.

[0056] InFIG. 6B, nozzles N corresponding to regions
V1 and V2 where straight lines are not drawn are deter-
mined as not ejecting ink. A nozzle N corresponding to
a thinner straight line T1 is determined as having an in-
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sufficient ink ejection volume. A nozzle N corresponding
to a straight line F1 that greatly differs in its drawing po-
sition as compared with nearby straight lines is deter-
mined as having an incorrect ejection direction.

[0057] Straightlines recorded with the nozzles N other
than the defective nozzles described above may also
have a slight positional deviation. By identifying positions
of the straight lines, deviation amounts in ejection direc-
tion of the respective nozzles N are obtained. However,
it is noted that, in this embodiment, the overall amount
of deviation in ejection position of the recording head 211
due to, for example, deviation in position thereof is not
determined with these straight lines only. In this embod-
iment, a reference drawing position where a straight line
is assumed to be drawn with a target nozzle N is deter-
mined by, for example, averaging positions in the width
direction of a predetermined number of straight lines on
each side of the straight line of the target nozzle N. Al-
ternatively, reference drawing positions where straight
lines are assumed to be drawn with target nozzles N may
be determined by (i) averaging positions in the width di-
rection of a predetermined part of (or all of) straight lines
and (ii) obtaining positions at multiples of the nozzle in-
terval multiplied by a constant (determined by a positional
relationship of the target nozzles) away from the average
position.

[0058] The test image may be recorded, and the de-
fective nozzle list 62 and the ejection position information
63 may be updated at one or more timings: (i) when the
inkjet recording apparatus 100 initially starts up, (ii) when
power supply to the inkjet recording apparatus 100 re-
starts, (iii) when the inkjet recording apparatus 100 fin-
ishes image recording operation for all image recording
instructions and shifts to a standby state, and (iv) before
the apparatus 100 starts image recording operation in
response to a new image recording instruction received.
[0059] FIG. 7 is a flowchart showing control steps of
an ink ejection state determination process that is per-
formed by the controller 50. When the ink ejection state
determination process starts, the controller 50 (CPU 51)
causes each recorder 20 (head driver 25) to operate and
record the above-described test image on a recording
medium (Step S101). The controller 50 may set the ink
droplet volume of each nozzle N to the secondly smaller
level or greater among the three levels (volumes). As
described above, when a nozzle having an abnormal
ejection direction ejects an ink droplet having a small
volume, the droplet may fly unstably and land on a further
deviated position. Even a normal nozzle may have a
slight deviation in its ink landing position. Next, the con-
troller 50 causes the imager 42 to read the recorded test
image (Step S102).

[0060] On the basis of the read test image, for each
nozzle N, the controller 50 determines whether or not a
straight line has been recorded, and determines where
in the width direction the straight line has been recorded
and what the ink density the straight line has. The con-
troller 50 stores the determined position of the straight
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line recorded with each nozzle in and thereby updates
the ejection position information 63 (Step S103).

[0061] The controller 50 determines defective nozzles.
The controller 50 determines, as defective nozzles, a
nozzle (i) that has not recorded a straight line, (ii) that
has recorded a straight line with an insufficient ink den-
sity, and (iii) that has recorded a straight line at a position
deviating from its reference position by a reference dis-
tance or more, and records information on the defective
nozzles in the defective nozzle list 62 (Step S104). The
controller 50 then ends the ink ejection state determina-
tion process.

[0062] FIGS. 8 and 9 show flowcharts of control steps
of an image data adjustment process that is performed
by the controller 50. The image data adjustment process
includes a method of setting for supplementing defective
nozzles in this embodiment, and is a process to convert
image data as the recording target into image data for
driving the head driver 25 (driving image data) and output
the driving image data to the head driver 25in accordance
with an image recording instruction. The image data ad-
justment process starts when the image recording in-
struction is obtained. The following cases are not as-
sumed in the following process: (i) two defective nozzles
except landing-position defective nozzles are adjacent
to each other, and (ii) two or more defective nozzles ex-
cept landing-position defective nozzles are included in
nozzles as supplementing nozzles (i.e., the number of
defective nozzles except landing-position defective noz-
zZles is three or more, including a target defective nozzle).
Such cases require cleaning of the nozzles N, replace-
ment of the recording head 211, or the like, and are han-
dled separately from the image data adjustment process.
[0063] When the image data adjusting process starts,
the controller 50 (CPU 51) generates halftone image data
for driving the head driver 25 on the basis of image data
as the recording target (Step S151). Pixels of the gener-
ated halftone image data correspond to respective noz-
zles N and are shown by set values (i.e., pixel values)
with multiple levels (four levels, namely "0" to "3", in this
embodiment) that correspond to steps (three levels ex-
cept a level of no ink ejection) of ink droplet volumes that
can be ejected from the nozzles N. The controller 50 de-
termines, as a target pixel, the first pixel in the first row
of the generated halftone image data (pixel at an end of
the first row) (Step S152).

[0064] The controller 50 determines whether or not a
nozzle N (target nozzle N) corresponding to the target
pixel is a defective nozzle on the basis of the defective
nozzle list 62 (Step S153). If the controller 50 determines
that the target nozzle N is not a defective nozzle (Step
S153: NO), the controller 50 proceeds to Step S175 (A).
[0065] If the controller 50 determines that the target
nozzle N is a defective nozzle (Step S153: YES), the
controller 50 calls and performs a supplementing nozzle
determination process (Step S154). In the supplement-
ing nozzle determination process, the controller 50 de-
termines supplementing nozzles for the defective nozzle
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on the basis of the ejection position information 63 in
ascending order of distances between the reference ink
landing position of the defective nozzle and actual ink
landing positions of respective nozzles. The controller 50
determines the first, second, third, and forth supplement-
ing nozzles in ascending order of distances between the
reference ink landing position of the defective nozzle and
actual ink landing positions of the respective nozzles.
Next, the controller 50 determines whether the first sup-
plementing nozzle is a landing-position defective nozzle
that has an abnormal ejection direction, or has a distance
between its reference ink landing position and its actual
ink landing position being equal to or greater than a cer-
tain distance (Step S 155). If the controller 50 determines
that the first supplementing nozzle is not a landing-posi-
tion defective nozzle and also does not have the distance
being equal to or greater than the certain distance (Step
S155: NO), the controller 50 proceeds to Step S158.
[0066] If the controller 50 determines that the first sup-
plementing nozzle is a landing-position defective nozzle
or has a distance between its reference ink landing po-
sition and its actual ink landing position being equal to or
greater than the certain distance (Step S155: YES), the
controller 50 determines whether or not "first set value +
defective-nozzle set value > 2" holds (i.e., the ink droplet
volume is the middle level in three levels) (Step S156).
The first set value is a set value for the ink droplet volume
of the first supplementing nozzle. If the first supplement-
ing nozzle is a defective nozzle, the first set value is nor-
mally set to "0". The defective-nozzle set value is a set
value for the ink droplet volume of the defective nozzle,
which is to be supplemented, corresponding to the target
pixel. If the controller 50 determines that "first set value
+ defective-nozzle setvalue > 2" holds (Step S156: YES),
the controller 50 proceeds to Step S158. If the controller
50 determines that "first set value + defective-nozzle set
value > 2" does not hold (Step S156: NO), the controller
50 exchanges the first supplementing nozzle with the
second supplementing nozzle (Step S157), and pro-
ceeds to Step S158.

[0067] Afterproceedingto Step S158fromany of Steps
S155t0 S 157, the controller 50 adds the defective-nozzle
set value to the first set value (Step S158: setting step).
The controller 50 determines whether or not "first set val-
ue + defective-nozzle set value > maximum set value"
holds (Step S159), the maximum set value correspond-
ing to a predetermined maximum ink droplet volume
ejectable by each nozzle. If the controller 50 determines
that "first set value + defective-nozzle set value > maxi-
mum set value" does not hold (Step S159: NO), the con-
troller 50 proceeds to Step S175 (A). If the controller 50
determines that "first set value + defective-nozzle set val-
ue > maximum set value" holds (Step S159: YES), the
controller 50 adjusts the set value of the first supplement-
ing nozzle to the maximum set value (Step S160).
[0068] The controller 50 determines whether or not the
total of (i) a excess (first excess) of the total of the first
set value and the defective-nozzle set value over the

10

15

20

25

30

35

40

45

50

55

10

maximum set value and (ii) a second set value corre-
sponding to the ink droplet volume of the second supple-
menting nozzle exceeds the maximum set value (Step
S161). If the controller 50 determines that "first excess
+ second set value > maximum set value" does not hold
(Step S161: NO), the controller 50 determines whether
or not the second supplementing nozzle is a landing-
position defective nozzle (Step S162). If the controller 50
determines that the second supplementing nozzle is not
alanding-position defective nozzle (Step S162: NO), the
controller 50 proceeds to Step S165. If the controller 50
determines that the second supplementing nozzle is a
landing-position defective nozzle (Step S162: YES), the
controller 50 determines whether or not "first excess +
second set value > 2" holds (Step S163). If the controller
50 determines that "first excess + second set value > 2"
holds (Step S163: YES), the controller 50 proceeds to
Step S165. If the controller 50 determines that "first ex-
cess + second set value > 2" does not hold (Step S163:
NO), the controller 50 exchanges the second supple-
menting nozzle with the third supplementing nozzle (Step
S164), and proceeds to Step S165.

[0069] After proceeding to Step S165from any of Steps
S162 to S164, the controller 50 adds the first excess to
the second set value (Step S165), and proceeds to Step
S175 (A).

[0070] Ifthe controller 50 determines in Step S161 that
"first excess + second set value > maximum set value"
holds (Step S161: YES), the controller 50 adjusts the
second set value to the maximum set value (Step S166),
and proceeds to Step S167 (B).

[0071] The controller 50 determines whether or not the
defective nozzle corresponding to the target pixel is a
landing-position defective nozzle (Step S167). If the con-
troller 50 determines that the defective nozzle corre-
sponding to the target pixel is a landing-position defective
nozzle (Step S167: YES), the controller 50 adjusts the
defective-nozzle set value to an excess (second excess)
of the total of the second set value and the first excess
over the maximum set value (Step S168). The controller
50 then proceeds to Step S175.

[0072] Ifthe controller 50 determines that the defective
nozzle corresponding to the target pixel is not a landing-
position defective nozzle (i.e., the defective nozzle has
a defect other than an abnormal ejection direction) (Step
S167: NO), the controller 50 determines whether or not
the third supplementing nozzle is in the next row in the
conveyance direction (Step S169). If the controller 50
determines that the third supplementing nozzle is in the
next row (Step S169: YES), the controller 50 transfers
the second excess to the next row (i.e., to a set value of
the defective nozzle corresponding to a pixel in the next
row) (Step S170), and proceeds to Step S175.

[0073] Ifthe controller 50 determines that the third sup-
plementing nozzle is not in the next row (i.e., the third
supplementing nozzle is in the same row as the defective
nozzle) (Step S169: NO), the controller 50 determines
whether or not the third supplementing nozzle is a land-
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ing-position defective nozzle (Step S171). If the controller
50 determines that the third supplementing nozzle is not
a landing-position defective nozzle (Step S171: NO), the
controller 50 proceeds to Step S174. If the controller 50
determines that the third supplementing nozzle (having
a third set value) is a landing-position defective nozzle
(Step S171: YES), the controller 50 determines whether
or not "second excess + third set value > 2" holds (Step
S172). If the controller 50 determines that "second ex-
cess + third set value > 2" holds (Step S172: YES), the
controller 50 proceeds to Step S174. If the controller 50
determines that "second excess + third set value > 2"
does not hold (i.e., second excess + third set value = 1)
(Step S172: NO), the controller 50 exchanges the third
supplementing nozzle with the fourth supplementing noz-
zle (Step S173), and proceeds to Step S174.

[0074] Afterproceedingto Step S174 fromany of Steps
S171 to S173, the controller 50 adds the second excess
to the third set value (Step S174), and proceeds to Step
S175.

[0075] Afterproceedingto Step S175fromany of Steps
S153,S159, S165, S168, S170, and S174, the controller
50 determines whether or not all the pixels in the current
row of the halftone image data have been setas the target
pixel (Step S 175). If the controller 50 determines that
not all the pixels in the current row of the halftone image
data have been set as the target pixel (Step S175: NO),
the controller 50 sets a pixel next to the current target
pixelin the same row as the next target pixel (Step S176).
The controller 50 then returns to Step S153 (C).

[0076] If the controller 50 determines that all the pixels
in the current row have been set as the target pixel (Step
S175: YES), the controller 50 outputs, to the head driver
25, the row data as data with ink ejection settings done
for driving the head driver 25 (Step S177). The image
recording operation based on the output row data may
be controlled separately according to the conveyance
state of the recording medium and synchronization sig-
nals in accordance with signals of the encoder 43.
[0077] The controller 50 determines whether or not all
the pixels in all the rows in the halftone image data have
been set as the target pixel (Step S178). If the controller
50 determines that all the pixels in all the rows in the
halftone image data have not been set as the target pixel
yet (Step S178: NO), the controller 50 sets the first pixel
in the next row as the next target pixel (Step S179), and
returns to Step S153 (C). If the controller 50 determines
that all the pixels in all the rows in the halftone image
data have been set as the target pixel (Step S178: YES),
the controller 50 ends the image data adjustment proc-
ess.

[0078] The controller 50 may output the adjusted im-
age data to the head driver 25 as a whole, instead of on
arow basis, after all the pixels in all the rows have been
set (adjusted).

[0079] FIG. 10 is a flowchart showing control steps of
the supplementing nozzle determination process that is
called in the image data adjustment process.
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[0080] When the supplementing nozzle determination
process is called, the controller 50 obtains, from the ejec-
tion position information 63, information on the ink land-
ing positions of nozzles N that correspond to a predeter-
mined number (e.g. three) of pixels on each of the right
and left sides of the target defective pixel (Step S201).
The controller 50 calculates (determines) the distance
between the reference ink landing position of the target
defective nozzle (nozzle corresponding to the target pix-
el) and the actual ink landing position of each of the noz-
zles N (nozzles corresponding to the pixels on the right
and left sides of the target pixel). The controller 50
ranks/sorts the nozzles N in ascending order of the cal-
culated distances (Step S202). Because only the top four
nozzles in the ascending order are needed as supple-
menting nozzles in this embodiment, the controller 50
may determine the top four nozzles only.

[0081] The controller 50 associates and stores infor-
mation on the sorted/ranked supplementing nozzles with
information on whether or not the respective supplement-
ing nozzles are any of defective nozzles (Step S203).
The controller 50 then ends the supplementing nozzle
determination process and returns to the image data ad-
justment process.

[Modification]

[0082] FIGS. 11A and 11B are diagrams to explain an
incline of a recording head 211 in a modification.
[0083] As shown in FIG. 11A, the recording head 211
has nozzles N the openings of which are arranged two-
dimensionally, or more specifically, arranged so as to
form two rows that extend in the width direction and are
arranged at different positions in the conveyance direc-
tion. The openings are arranged at equal intervals such
that the openings of one row alternate with those of the
other row in the width direction. Because of the limit of
mounting accuracy or the like, when the recording head
211 is mounted with a slight deviation in the angle of
rotation (mounting error) in a plane including the width
and conveyance directions, the positions of the openings
of the nozzles N deviate in the width direction according
to the deviation in the angle of rotation. The amounts of
deviation in the positions of the openings belonging to
one row differ from those of the openings belonging to
the other row. Hence, as shown in FIG. 11B, an interval
(distance) D11 between nozzles N11 and N12 in the
width direction differs from an interval D12 between noz-
zles N12 and N13 in the width direction. That is, even
though ink is ejected in the correct direction from the noz-
zles N, intervals between their ink landing positions sys-
tematically differ in the width direction such that the short
interval alternates with the long interval.

[0084] Eventhough slightdeviations each being small-
er than an average nozzle interval occur in all the ink
landing positions, the deviations do not seriously affect
image quality. However, when non-uniformity in density
occurs at a certain point in the width direction by the ab-
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normal ejection and supplement thereof, the point be-
comes conspicuous, especially when the point is in an
image having a uniform density.

[0085] When such a recording head 211 has a defec-
tive nozzle, a supplementing nozzle is mechanically se-
lected from nozzles on the left and right sides of the de-
fective nozzle on the basis of the row to which the defec-
tive nozzle belongs and the direction of the inclination,
as long as the ink ejection directions of nozzles N other
than the defective nozzle are accurately perpendicular
to the nozzle opening surface. In this modification, the
interval D11 is shorter than the interval D12. When the
nozzle N12 is determined as a defective nozzle and the
nozzles N11 and N13 eject ink in the correct direction,
the nozzle N11 is selected as a supplementing nozzle.
When the nozzles N11 and N13 eject ink in the incorrect
direction, the supplementing nozzle may be determined
on the basis of the sum of (i) influence of the deviation
in the rotation angle and (ii) influence of the deviation in
the ink ejection direction. That is, a supplementing nozzle
may be determined on the basis of the actual ink landing
positions of the nozzles N11 and N13.

[0086] As described above, the inkjet recording appa-
ratus 100 100 in this embodiment includes the recorder
20 that includes nozzles N to eject ink and the controller
50 that controls operation of the recorder 20. The con-
troller 50 determines, for a defective nozzle having a de-
fect in ink ejection, a first nozzle having an actual ink
landing position closest to a reference ink landing posi-
tion of the defective nozzle as a supplementing nozzle
that supplements the defect of the defective nozzle.
[0087] The inkjet recording apparatus 100 takes ac-
count of slight deviations of the ink landing positions of
the nozzles N, and preferentially selects, as a supple-
menting nozzle, a nozzle having an actual ink landing
position closest to the reference ink landing position of
the defective nozzle, instead of simply selecting a nozzle
adjacent to the defective nozzle (i.e., nozzle closest to
the defective nozzle). Thus, the inkjet recording appara-
tus 100 can restrain occurrence of white and black
streaks as compared with conventional apparatuses, and
maintain quality of image to be recorded more securely.
[0088] Furthermore, the inkjet recording apparatus
100 includes the storage 60 that stores the ejection po-
sition information 63 on actual ink landing positions of
the nozzles N. The controller 50 determines a distance
between each of the actual ink landing positions and the
reference ink landing position on the basis of the ejection
position information 63. By determining the actual ink
landing position of each of the nozzles N and storing the
information thereof beforehand, the inkjet recording ap-
paratus 100 can quickly and easily determine, when a
new defective nozzle occurs, an optimum nozzle(s) for
supplementing ink ejection of the defective nozzle.
[0089] Furthermore, the recorders 20 can eject the ink
with multiple volumes from each of the nozzles N. The
controller 50 adds a defective-nozzle set value corre-
sponding to an ink droplet volume to be ejected from the
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defective nozzle to a first set value corresponding to an
ink droplet volume to be ejected from the first nozzle, and
causes the first nozzle to eject ink with an ink droplet
volume corresponding to the first set value after the ad-
dition.

[0090] Thus, the inkjet recording apparatus 100 can
appropriately supplement the ink ejection volume of the
defective nozzle with another nozzle.

[0091] Furthermore, in response to the first set value
after the addition exceeding the predetermined maxi-
mum set value, the controller 50 transfers a first differ-
ence between the first set value after the addition and
the maximum set value to a set value corresponding to
anink dropletvolume to be ejected from a nozzle different
from the first nozzle.

[0092] Because each nozzle N has a limit in an ink
droplet volume to eject, another nozzle(s) may also sup-
plement the defective nozzle when a supplementing noz-
zle cannot fully supplement the defective nozzle. Be-
cause a greater ink ejection volume less generates white
streaks and makes black streaks less conspicuous, de-
terioration in image quality is sufficiently restrained.
[0093] More specifically, the controller 50 adds the first
difference to a second set value corresponding to an ink
droplet volume to be ejected from, as the nozzle different
from the first nozzle, a second nozzle having an actual
ink landing position second closest to the reference ink
landing position of the defective nozzle, and adjusts the
first set value to the maximum set value. Naturally, the
closer the ink landing position of a supplementing nozzle
to the reference ink landing position of the defective noz-
zle is, the more faithful the recorded image is to the image
data. Hence, when a nozzle N having an ink landing po-
sition closest to the reference ink landing position of the
defective nozzle cannot fully supplement the defective
nozzle, a nozzle N having an ink landing position second
closest to the reference ink landing position of the defec-
tive nozzle also supplements the remaining ink ejection.
Thus, the image quality is maintained more appropriately
and securely.

[0094] Furthermore, in response to (i) the second set
value after the addition exceeding the maximum setvalue
and (ii) the defect of the defective nozzle being an ab-
normal ink landing position, the controller 50 causes the
recorder 20 to eject ink from the defective nozzle with an
ink droplet volume corresponding to a second difference
between the second set value after the addition and the
maximum set value, and adjusts the second set value to
the maximum set value. When the nozzles having closest
and second closest ink landing positions to the reference
ink landing position of the defective nozzle (normally the
nozzles on both sides of the defective nozzle) cannot
fully supplement the ink ejection volume of the defective
nozzle, the region around the reference ink landing po-
sition is supposed to be in a region having a high ink
density, and hence a small deviation in ink landing posi-
tion does not reduce image quality. Thus, when the de-
fective nozzle is a landing-position defective nozzle hav-
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ing an abnormal ejection direction, the inkjet recording
apparatus 100 can cause the defective nozzle to eject
ink with a remaining volume to keep the overall ink ejec-
tion volume. Thus, the image quality can be maintained.
[0095] Furthermore, the controller 50 determines the
first nozzle from the nozzles including a landing-position
defective nozzle having an abnormal ink landing position.
That is, the landing-position defective nozzle can be a
supplementing nozzle when the landing-position defec-
tive nozzle has an actual ink landing position close to the
reference ink landing position of the defective nozzle. By
utilizing nozzles that are normally stopped from being
used, the inkjet recording apparatus 100 can keep the
overall ink ejection volume and maintain more appropri-
ate image quality as compared with conventional appa-
ratuses.

[0096] Furthermore, the controller 50 determines the
nozzle different from the first nozzle from the nozzles N
including a landing-position defective nozzle having an
abnormal ink landing position. As with the first nozzle,
the controller 50 may determine a landing-position de-
fective nozzle as the second nozzle (second supplement-
ing nozzle in the above embodiment) or as a supplement-
ing nozzle having a lower rank.

[0097] Furthermore, in response to a set value corre-
sponding to an ink droplet volume to be ejected from the
determined nozzle being equal to or greater than a pre-
determined first reference value or not, the controller 50
determines whether or not to cause the determined noz-
zle to supplement the defect of the defective nozzle.
When a landing-position defective nozzle ejects ink with
a small volume, its ink landing position tends to deviate.
In consideration of this, the landing-position defective
nozzle may be used as a supplementing nozzle only
when its set value after addition is equal to or greater
than a first reference value (in the above embodiment,
"2"). Thus, the inkjet recording apparatus 100 can main-
tain image quality more stably.

[0098] Furthermore, in response to (i) a first set value
corresponding to an ink droplet volume to be ejected from
the first nozzle being smaller than a predetermined sec-
ond reference value (in the above embodiment, same as
the first reference value) and (ii) a distance between a
reference ink landing position and the actual ink landing
position of the first nozzle being equal to or greater than
a predetermined reference distance, the controller 50
does not use the first nozzle as a first choice of the sup-
plementing nozzle. When a normal nozzle has a devia-
tion in ink landing position by a distance shorter than a
reference distance, the flying distance of ink becomes
longer and its ink landing position could further deviate.
When such a nozzle is the first nozzle that is supposed
to eject ink with a small volume, the nozzle may not be
used as a first choice of the supplementing nozzle, be-
cause a slight deviation in ink landing position may affect
image quality. Thus, stability in image quality can be
maintained.

[0099] Furthermore, each recorder 20 ejects the ink to
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a fabric. The technique described above can maintain
image quality on a recording medium more effectively,
especially when the recording medium is a fabric that
absorbs ink and is less likely to have an uneven surface
after the absorption.

[0100] Furthermore, the controller 50 causes the re-
corder 20 to record a predetermined test pattern on the
recording medium by causing the recorder 20 to eject ink
droplets from the respective nozzles so as to land on the
recording medium in which the ink ejected from each of
the nozzles N lands in a predetermined arrangement,
and generates the ejection position information 63 based
on the actual ink landing positions in the test pattern.
[0101] By generating the ejection position information
63 on the basis of the actual ink landing positions, the
inkjet recording apparatus 100 can determine supple-
menting nozzles highly precisely.

[0102] Furthermore, the controller 50 causes the re-
corder 20 to record the test pattern by causing the re-
corder 20 to eject the ink from the respective nozzles N
with a second smallest volume or greater among the mul-
tiple volumes.

[0103] As described above, when ink with a small vol-
ume flies long, its ink landing position is more likely to
deviate. By recording the test pattern with a certain vol-
ume of ink, the inkjet recording apparatus 100 can de-
termine the ink landing positions precisely.

[0104] Furthermore, the inkjet recording apparatus
100 includes the imager 42 that reads a surface of the
recording medium, and the controller 50 causes the im-
ager 42 to read the test pattern and determines the actual
ink landing position of each of the nozzles N. Thus, the
inkjetrecording apparatus 100 can save times and efforts
by performing inline processing, and obtain nearly real-
time data on deviations in ink landing positions, which
change with time, by quickly reflecting the read test pat-
tern image on the data. Still further, because the imager
42 may be also used as an imager for checking recorded
images of the inkjet recording apparatus 100, the inkjet
recording apparatus 100 can utilize the imager 42 more
effectively.

[0105] Furthermore, the inkjet recording apparatus
100 includes the conveyer 10 that conveys the recording
medium, and the controller 50 causes the recorder 20 to
eject the ink to the recording medium while causing the
conveyer 10 to move the recording medium in a prede-
termined conveyance direction. In the test pattern, lines
extending in the conveyance direction are formed with
the ink droplets ejected from the respective nozzles N
and are arranged so as to be distinguishable from one
another.

[0106] Thatis, the inkjet recording apparatus 100 may
utilize the test pattern for determining ink landing posi-
tions, as well as for determining defective nozzles. Thus,
the inkjet recording apparatus 100 minimizes increase
of time and efforts for processes.

[0107] Furthermore, the controller 50 calculates the
actual ink landing positions on the basis of a distance
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between the recording medium and the openings of the
nozzles N. The distance between the recording medium
and the openings of the nozzles N can be changed de-
pending on the type of recording medium or the like. Ac-
cording to the change of the above-described distance,
the ink landing positions in a certain ejection angle
change. By calculating the ink landing positions on the
basis of the distance, the inkjet recording apparatus 100
can select supplementing nozzles appropriately and flex-
ibly.

[0108] Furthermore, the inkjet recording apparatus
100 includes the input receiver (operation receiver 70
and communication unit 82) that receives an input for
setting a type of recording medium, and the controller 50
sets the distance between the recording medium and the
openings of the nozzles N based on the type. By deter-
mining beforehand the appropriate distance between the
recording medium and the openings of the nozzles N for
each type of recording medium, the inkjet recording ap-
paratus 100 can select supplementing nozzles only by
setting the type of recording medium, without much time
and efforts.

[0109] Furthermore, the recorder 20 includes the re-
cording heads 211 each of which includes the nozzles
arranged two-dimensionally, and the actual ink landing
positions include a systematical deviation corresponding
to an error in mounting the recording head 211. That is,
contents of the selection of supplementing nozzles de-
scribed above is effective not only in supplementing in-
dividual defective nozzles but also in dealing with devi-
ations in ink landing positions caused by the level of me-
chanical accuracy.

[0110] Furthermore, the method of setting for supple-
menting defective nozzles in the embodiment described
above includes determining, for a defective nozzle having
a defect in ink ejection, a first nozzle having an actual ink
landing position closest to a reference ink landing posi-
tion of the defective nozzle as a supplementing nozzle
that supplements the defect of the defective nozzle.
[0111] Thus, the inkjet recording apparatus 100 can
record images having higher uniformity in density, re-
strain occurrence of white and black streaks as compared
with conventional apparatuses, and accordingly maintain
quality of image to be recorded more securely.

[0112] The present invention is not limited to the
above-described embodiment, and can be variously
modified.

[0113] For example, in the above embodiment, the
inkjet recording apparatus 100 can adjust the ink ejection
volume with three levels. However, the inkjet recording
apparatus 100 may be an apparatus that cannot adjust
the ink ejection volume but only set whether or not to
eject ink. In such a case, the maximum set value is "1".
[0114] Further,inthe above embodiment, nozzles hav-
ing anabnormalinklanding position (landing-position de-
fective nozzles) may be used as supplementing nozzles.
However, the landing-position defective nozzles may not
be used as supplementing nozzles in any case. Alterna-
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tively, landing-position defective nozzles may be used
as supplementing nozzles without the condition on the
ink ejection volume. Still alternatively, a landing-position
defective nozzle may not be set as the first nozzle, but
may be set as the second nozzle or a supplementing
nozzle having a lower rank.

[0115] Further, although the level of the ink ejection
volumes of normal nozzles is not taken into account in
the above embodiment, it may be taken into account
when normal nozzles are set/determined as a comple-
menting nozzle.

[0116] Further, although it is assumed that ink landing
positions could deviate in the width direction in the above
embodiment, ink landing positions could deviate in the
conveyance direction. When an ink landing position of a
defective nozzle deviates in the conveyance direction
and cannot be corrected by finely adjusting the ink ejec-
tion timing, the deviation may be or may not be taken into
account to determine the distance between the reference
ink landing position of the defective nozzle and actual ink
landing positions of its nearby supplementing nozzles.
When the deviation is not considered, the defective noz-
zle the ink landing position of which deviates in the con-
veyance direction is treated as a defective nozzle that
does not eject ink.

[0117] The ink is not limited to color ink. Further, even
when a protective film is formed, unevenness in film thick-
ness can be reduced. Still further, the recording medium
is not limited to fabrics, but may be paper, film, or the like.
[0118] The test image is not limited to the one de-
scribed above. Further, the test image may be recorded
section by section depending on the margin of the re-
cording medium.

[0119] Regardless of whether or not the inkjet record-
ing apparatus 100 includes the imager 42, the testimage
may be read by an external apparatus. Further, operation
of determining the ink landing position on the basis of the
reading result may also be performed by an external ap-
paratus. In such cases, the controller 50 may obtain the
test image or the result of reading the testimage from an
external apparatus.

[0120] Furthermore, inthe above embodiment, the dis-
tance between the recording medium and the openings
of the nozzles N is set depending on the type of the re-
cording medium. However, the distance may be set by
auser directly and appropriately. When the distance can-
not be changed, the ink landing positions are fixed.
[0121] Furthermore, although the inkjet recording ap-
paratus 100 in the above embodiment has the line heads
as an example, the inkjet recording apparatus 100 may
be an apparatus that utilizes a scan printing system.
[0122] The detailed configuration, control, procedure,
and so forth described in the above embodiment can be
appropriately modified within the scope of the present
invention. The scope of the present invention is not lim-
ited to the embodiment described above but includes the
scope of the present invention described in the scope of
claims and the scope of their equivalents.



27 EP 3 705 299 A1 28

[0123] Although embodiments of the present invention
have been described and illustrated in detail, the dis-
closed embodiments are made for purposes of illustration
and example only and not limitation. The scope of the
present invention should be interpreted by terms of the
appended claims.

Claims
1. Aninkjet recording apparatus (100) comprising:

arecorder (20) thatincludes nozzles to eject ink;
and

a controller (50) that controls operation of the
recorder, wherein

the controller determines, for a defective nozzle
having a defect in ink ejection, afirst nozzle hav-
ing an actual ink landing position, where the ink
lands, closest to areference ink landing position
of the defective nozzle as a supplementing noz-
Zle that supplements the defect of the defective
nozzle.

2. Theinkjetrecording apparatus according to claim 1,
further comprising a storage (60) that stores ejection
information (63) on actual ink landing positions of
the nozzles, wherein
the controller determines a distance between each
of the actual ink landing positions and the reference
ink landing position based on the ejection informa-
tion.

3. Theinkjet recording apparatus according to claim 1
or 2, wherein
the recorder can eject the ink with multiple ink droplet
volumes from each of the nozzles, and
the controller adds a defective-nozzle set value cor-
responding to an ink droplet volume to be ejected
from the defective nozzle to a first set value corre-
sponding to an ink droplet volume to be ejected from
the first nozzle, and causes the recorder to eject ink
from the first nozzle with an ink droplet volume cor-
responding to the first set value after the addition.

4. Theinkjetrecording apparatus according to claim 3,
wherein
in response to the first set value after the addition
exceeding a predetermined maximum set value, the
controller transfers afirst difference between the first
set value after the addition and the maximum set
value to a set value corresponding to an ink droplet
volume to be ejected from a nozzle different from the
first nozzle.

5. Theinkjetrecording apparatus according to claim 4,
wherein the controller
adds the first difference to a second set value cor-
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10.

1.

12.

responding to an ink droplet volume to be ejected
from, as the nozzle different from the first nozzle, a
second nozzle having an actual ink landing position
second closest to the reference ink landing position
of the defective nozzle, and

adjusts the first set value to the maximum set value.

The inkjet recording apparatus according to claim 5,
wherein in response to (i) the second set value after
the addition exceeding the maximum set value and
(ii) the defect of the defective nozzle being an ab-
normal ink landing position, the controller

causes the recorderto eject the ink from the defective
nozzle with an ink droplet volume corresponding to
a second difference between the second set value
after the addition and the maximum set value, and
adjusts the second set value to the maximum set
value.

The inkjet recording apparatus according to any one
of claims 1 to 6, wherein the controller determines
the first nozzle from the nozzles including a landing-
position defective nozzle having an abnormal ink
landing position.

The inkjet recording apparatus according to any one
of claims 4 to 6, wherein the controller determines
the nozzle different from the first nozzle from the noz-
zles including a landing-position defective nozzle
having an abnormal ink landing position.

The inkjet recording apparatus according to claim 7
or 8, wherein in response to a set value correspond-
ing to an ink droplet volume to be ejected from the
determined nozzle being equal to or greater than a
first reference value or not, the controller determines
whether or not to cause the determined nozzle to
supplement the defect of the defective nozzle.

The inkjet recording apparatus according to any one
of claims 1 to 9, wherein in response to (i) a first set
value corresponding to an ink droplet volume to be
ejected from the first nozzle being smaller than a
predetermined second reference value and (ii) a dis-
tance between a reference ink landing position and
the actual ink landing position of the first nozzle being
equal to or greater than a predetermined reference
distance, the controller does not use the first nozzle
as a first choice of the supplementing nozzle.

The inkjet recording apparatus according to any one
of claims 1 to 10, wherein the recorder ejects the ink
to a fabric.

The inkjet recording apparatus according to any one
of claims 1 to 11, further comprising a storage (60)
that stores ejection information (63) on actual ink
landing positions of the nozzles, wherein the control-
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ler

causes the recorder to record a predetermined test
pattern on a recording medium by causing the re-
corder to eject ink droplets of the ink from the re-
spective nozzles so as to land on the recording me-
dium in predetermined arrangement, and
generates the ejection information based on the ac-
tual ink landing positions in the test pattern.

The inkjet recording apparatus according to claim
12, wherein

the recorder can eject the ink with multiple ink droplet
volumes from each of the nozzles, and

the controller causes the recorder to record the test
pattern by causing the recorder to eject the ink drop-
lets of the ink from the respective nozzles with a sec-
ond smallest ink droplet volume or grater among the
multiple ink droplet volumes.

The inkjet recording apparatus according to claim 12
or 13, further comprising a reader (42) that reads a
surface of the recording medium, wherein

the controller causes the reader to read the test pat-
tern and determines the actual ink landing positions
of the nozzles.

The inkjet recording apparatus according to any one
of claims 12 to 14, further comprising a conveyer
(10) that conveys the recording medium, wherein
the controller causes the recorder to eject the ink to
the recording medium while causing the conveyer to
move the recording medium in a predetermined con-
veyance direction, and

in the test pattern, lines extending in the conveyance
direction are formed with the ink droplets ejected
from the respective nozzles and are arranged so as
to be distinguishable from one another.

The inkjet recording apparatus according to any one
of claims 1 to 15, wherein the controller calculates
the actual ink landing position based on a distance
between a recording medium and openings of the
nozzles.

The inkjet recording apparatus according to claim
16, further comprising an input receiver (70, 82) that
receives an input for setting a type of the recording
medium, wherein the controller sets the distance be-
tween the recording medium and the openings of the
nozzles based on the type.

The inkjet recording apparatus according to any one
of claims 1 to 17, wherein

the recorder includes a recording head (211) includ-
ing the nozzles arranged two-dimensionally, and
the actual ink landing position includes a systemat-
ical deviation corresponding to an error in mounting
the recording head.
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19. A method of setting for supplementing a defective

nozzle of a recorder (20) that includes nozzles to
eject ink, comprising determining (S158), for a de-
fective nozzle having a defect in ink ejection, a first
nozzle having an actual ink landing position closest
to a reference ink landing position of the defective
nozzle as a supplementing nozzle that supplements
the defect of the defective nozzle.
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