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(54) INK JET RECORDING APPARATUS

(57) An ink jet recording apparatus performs com-
plementation that makes a white streak unlikely to be
visually identified. In the ink jet recording apparatus of
one aspect of the present invention, a recording control
unit edits image data such that ink is not discharged from
a failure nozzle, sets a second pixel value larger than a
first pixel value corresponding to a droplet amount that

FIG. 13

should have been discharged by the failure nozzle to a
complementary value, adds the complementary value to
a third pixel value corresponding to a droplet amount that
should have been discharged by the complementary noz-
zle, and discharges the ink in the droplet amount corre-
sponding to a post-addition pixel value obtained by the
addition from the complementary nozzle.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The entire disclosure of Japanese Patent Ap-
plication No. 2018-158978, filed on Aug.28, 2018, is in-
corporated herein by reference in its entirety.

BACKGROUND
Technological Field

[0002] The present invention relates to an ink jet re-
cording apparatus.

Description of the Related art

[0003] Conventionally, an ink jet recording apparatus
that discharges (ejects) ink droplets from a plurality of
nozzles while relatively moving a recording head having
the plurality of nozzles and a printing medium and lands
the ink droplets on the printing medium, such as a sheet,
to form an image has been known.

[0004] Intheink jetrecording apparatus, when the dis-
charge failure of the ink from the recording head is
caused, a region in which the ink is not landed on the
printing medium occurs. And, the region in which the ink
is not landed is identified as a so-called white streak. The
discharge failure of the ink includes, for example, non-
discharge in which the ink is not discharged from the
nozzle of the recording head, weak discharge in which
discharge is weak, bending discharge in which discharge
is bended, and the like.

[0005] Since the printing medium on which the white
streak is caused becomes a defective product, a tech-
nology for complementing the white streak has been con-
ventionally contrived. The complementation of the white
streak is performed by, for example, editing image data.
Specifically, the complementation of the white streak is
performed by, for example, recording the droplet amount
of the ink that should have been discharged from the
failure (defective) nozzle in which the discharge failure
is caused, and allocating the ink in the amount equal to
the droplet amount to the nozzle adjacentto the defective
nozzle or the nozzle around the defective nozzle.
[0006] Forexample, PatentLiterature 1 (Japanese Un-
examined Patent Application Publication No.
2015-136883) describes performing complementation
control that allows a nozzle in the vicinity of a failure noz-
zle to perform complementation discharge so as to com-
plement the amount of ink that is not discharged by the
failure nozzle.

Citation List
Patent Literature

[0007] PatentLiterature 1: Japanese Unexamined Pat-
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ent Application Publication No. 2015-136883
SUMMARY

[0008] In the recent ink jet recording apparatus, there
are various printing media on which an image is formed,
and the ink jet recording apparatus sometimes forms an
image on the printing medium, such as a cloth, other than
paper. However, when the printing medium is, for exam-
ple, the cloth, the ink landed on the cloth is unlikely to be
spread on the surface of the cloth. This is because such
unlikeliness of ink spreading is affected by moisture ab-
sorptivity that the fibers themselves structuring the cloth
have, and the weaving structure and the like of the cloth.
[0009] Therefore, in the case of performing printing
with respect to the printing media made of various ma-
terials, like the technology described in Patent Literature
1, when the droplet amount of the ink that should have
been discharged from the defective nozzle is simply al-
located to the nozzle adjacentto the defective nozzle and
the nozzle around the defective nozzle, the complemen-
tation cannot be completely performed since the spread-
ing amount of the ink is small, with the result that the
white streak is sometimes caused.

[0010] The present invention has been made in view
of such circumstances, and an object of the present in-
vention is to perform, in an ink jet recording apparatus,
complementation that makes a white streak unlikely to
be visually identified.

[0011] To solve the abovementioned problems, ac-
cording to an aspect of the present invention, an ink jet
recording apparatus reflecting one aspect of the present
invention comprises, for example, arecording unit having
a plurality of nozzles disposed in a first direction and each
capable of discharging ink in the droplet amount corre-
sponding to the magnitude of each pixel value of record-
ing data obtained by subjecting image data to halftone
processing, a conveying unit relatively moving the re-
cording unit and a printing medium in a second direction
orthogonal to the first direction, a control unit selectively
operating the plurality of nozzles based on the recording
data to form an image on the printing medium, a nozzle
designation unit designating, of the plurality of nozzles,
the nozzle that does not normally discharge the ink as a
failure nozzle and setting the nozzle disposed ata second
position adjacent to a first position that is the disposing
position of the failure nozzle in the first direction to a com-
plementary nozzle complementing the ink that should
have been discharged by the failure nozzle, and a re-
cording control unit editing the image data such that the
ink is not discharged from the failure nozzle, setting a
second pixel value larger than a first pixel value corre-
sponding to the droplet amount of the ink that should
have been discharged by the failure nozzle to a comple-
mentary value, adding the complementary value to a third
pixel value corresponding to the droplet amount of the
ink that should have been discharged by the complemen-
tary nozzle, and discharging the ink in the droplet amount
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corresponding to a post-addition pixel value obtained by
the addition from the complementary nozzle.
[0012] It should be noted that objects, configurations,
and effects other than the above will be apparent from
the description of the following embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The advantages and features provided by an
embodiment of the invention will become more fully un-
derstood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition
of the limits of the present invention:

Fig. 1 is a table illustrating an example of the image
quality evaluation of a printed image based on the
viewpoints of droplet coating percentages on a print-
ing medium and visual sensitivity (visibility);

Fig. 2 is an overall configuration diagram of an ink
jetrecording apparatus according to an embodiment
of the present invention;

Fig. 3is a plan view illustrating a state where a head
unit is seen from the printing medium side according
to an embodiment of the present invention;

Fig. 4 is a block diagram illustrating the configuration
of the control system of the ink jet recording appa-
ratus according to an embodiment of the present in-
vention;

Fig. 5 is a graph illustrating the control example of
dot percentage by a halftone processing unit accord-
ing to an embodiment of the present invention;

Fig. 6 is a graph illustrating the control example of
droplet size by the halftone processing unit accord-
ing to an embodiment of the present invention;

Fig. 7 is adiagramillustrating an example of effective
complementation in the case where the droplet coat-
ing percentage is less than 15% according to an em-
bodiment of the present invention;

Fig. 8 is adiagramillustrating an example of effective
complementation in the case where the droplet coat-
ing percentage is approximately 20% according to
an embodiment of the present invention;

Fig. 9is adiagramillustrating an example of effective
complementation in the case where the droplet coat-
ing percentage is approximately 30% according to
an embodiment of the present invention;

Fig. 10 is a diagram illustrating an example of effec-
tive complementation in the case where the droplet
coating percentage is approximately 60% according
to an embodiment of the present invention;

Fig. 11 is a diagram illustrating an example of effec-
tive complementation in the case where the droplet
coating percentage is 100% according to an embod-
iment of the present invention;

Fig. 12 is a table illustrating the correspondence of
each pixel value of recording data and each comple-
mentary value according to an embodiment of the
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present invention;

Fig. 13 is a diagram illustrating an example of
processing for allocating each complementary value
to each complementary nozzle by a recording control
unit according to an embodiment of the present in-
vention;

Fig. 14 is a diagram illustrating an example of
processing for allocating the complementary value
tothe complementary nozzle by the recording control
unit according to a first modification; and

Fig. 15 is a diagram illustrating an example of
processing for allocating each complementary value
to each complementary nozzle by the recording con-
trol unit according to a second modification.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, an embodiment of the present in-
vention will be described with reference to the accompa-
nying drawings. However, the scope of the invention is
not limited to the disclosed embodiment. The compo-
nents having substantially the same functions or config-
urations in this specification and the drawings are indi-
cated by similar reference signs, and the overlapped de-
scription of the components is omitted.

[0015] First, before the configuration examples of the
embodiment is described, the above problems solved by
the present invention will be described more specifically.
When a printing medium is a cloth, the droplet amount
ofink necessary for wetting and spreading on the printing
medium of the ink landed on the printing medium be-
comes larger as compared with the case where the print-
ing medium is paper. The moisture absorptivity of the
threads structuring the cloth is higher than that of the
fibers structuring the paper, and there is a gap between
the threads structuring the cloth, so that the ink landed
on the cloth is unlikely to be spread to its periphery as
compared with the ink landed on the paper. Therefore,
when the printing medium is the cloth, the types of
streaks, unevenness, and the like that significantly ap-
pear are also changed according to the coating percent-
age of the ink on the printing medium.

[0016] Here, referring to Fig. 1, the relation between
the droplet coating percentages of the ink on the printing
medium and the visual sensitivity (visibility) of the
streaks, unevenness, and the like will be described. Fig.
1 is a table illustrating an example of the image quality
evaluation of a printed image based on the viewpoints of
the droplet coating percentages on the printing medium
and the visual sensitivity.

[0017] The horizontal axis in Fig. 1indicates the droplet
coating percentages on the printing medium (%), and the
vertical axis in Fig. 1 indicates the types of the uneven-
ness and streaks appearing on the printed image ("gran-
ularity”, "white streak due to defective nozzle, white
streak due to insufficient complementation”, and "black
streak due to excessive complementation").

[0018] The droplet coating percentages on the printing
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medium (%) are obtained by converting the gradations
(pixel values) "0" to "255" of image data to percentages,
"0%" corresponds to the pixel value "0", and "100%" cor-
responds to the pixel value "255".

[0019] The "granularity"inthe types ofthe unevenness
and streaks represents the subjective "roughness" de-
gree felt by a person when the image looks rough. The
"white streak due to defective nozzle, white streak due
to insufficient complementation" represents the white
streak caused when a failure nozzle that does not dis-
charge the ink is present, or the white streak caused due
to the lacking of the amount of the ink complemented
from a complementary nozzle. The "black streak due to
excessive complementation” represents the black streak
caused when the amount of the ink complemented from
the complementary nozzle is excessive.

[0020] The case where the droplet coating percentage
is less than 15%

[0021] In the case where the droplet coating percent-
age is less than 15%, the "granularity" is likely to be vis-
ually identified (the visual identification sensitivity "O").
The "white streak due to defective nozzle, white streak
due to insufficient complementation" is unlikely to be no-
ticeable in this gradation, but is visually identified (the
visual identification sensitivity "A"). The "black streak due
to excessive complementation" is likely to be visually
identified in this gradation (the visual identification sen-
sitivity "O"). Therefore, in the case where the droplet coat-
ing percentage is less than 15%, it is desirable to perform
the complementation so as to make the white streak un-
likely to be noticeable without deteriorating the granular-
ity and without performing the excessive complementa-
tion that causes the black streak.

[0022] The case where the droplet coating percentage
is equal to or more than 15% and is less than 40%
[0023] In the case where the droplet coating percent-
age is equal to or more than 15% and is less than 40%,
the "granularity" is unlikely to be visually identified (the
visual identification sensitivity "A"), but the "white streak
due to defective nozzle, white streak due to insufficient
complementation” is likely to be visually identified (the
visual identification sensitivity "O"). On the other hand,
the "black streak due to excessive complementation” is
unlikely to be visually identified in this gradation (the vis-
ual identification sensitivity " X "). When a printing medi-
um P is a cloth, the cloth is less glossy than paper, and
the ink dropped on the surface has low reflectance. Also,
the moisture absorptivity of the threads structuring the
cloth is higher than that of the fibers structuring paper,
and there is a gap between the threads structuring the
cloth, so that the ink landed on the cloth is unlikely to be
spread to its periphery as compared with the ink landed
on the paper. From these reasons, when the printing me-
dium P is the cloth, the black streak is not noticeable in
the case where the droplet coating percentage is equal
to or more than 15%. Therefore, it is desirable to perform
the complementation so as to make the white streak un-
likely to be noticeable without deteriorating the granular-
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ity in this gradation.

[0024] The case where the droplet coating percentage
is equal to or more than 40%

[0025] In the case where the droplet coating percent-
age is equal to or more than 40%, the "granularity" and
the "black streak due to excessive complementation” are
unlikely to be visually identified (the visual identification
sensitivity "X"), but the "white streak due to defective
nozzle, white streak due to insufficient complementation”
is likely to be visually identified (the visual identification
sensitivity "O"). Therefore, since the black streak is not
noticeable in this gradation even when the ink is exces-
sively complemented, it is desirable to perform the com-
plementation by a larger droplet for the purpose of com-
plementing the white streak that is likely to be visually
identified more emphasizingly.

[0026] To solve the above problems, inthe presentem-
bodiment, in each gradation of recording data, the selec-
tion of the size of the droplet used, the dot percentage
(the dot filling percentage on the image data), and the
balance of the droplet amount complemented are per-
formed. More specifically, when the gradation of the re-
cording data is low, the ink in the droplet amount equiv-
alent to the conventional art is complemented, and when
the gradation of the recording data is high, a droplet
amount larger than the droplet amount that should have
been discharged by the failure nozzle is discharged from
the complementary nozzle.

[0027] Also, inthe presentembodiment, the respective
nozzles adjacent to both sides of the failure nozzle are
the complementary nozzles, and the complementation
is performed by alternately switching each of the two
complementary nozzles in each pixel row. This is be-
cause by alternately discharging the ink from each of the
two complementary nozzles along the conveying direc-
tion of the printing medium P, the spreads of the droplets
landed on the printing medium P are connected in the
diagonal direction, so that the complementation effect
can be further improved. In particular, in the low grada-
tion, by performing such control, the white streak can be
made unlikely to be noticeable without deteriorating the
granularity and without causing the black streak.

[0028] The overall configuration of an ink jet recording
apparatus

[0029] Next, referring to Fig. 2, the configuration ex-
ample of the ink jet recording apparatus according to an
embodiment of the present invention will be described.
Fig. 2 is an overall configuration diagram of an ink jet
recording apparatus 1 according to an embodiment of
the present invention. It should be noted that in Fig. 2,
the elements considered to be necessary for describing
the present invention or the elements associated there-
with are illustrated, and an image forming system of the
present invention is not limited to the example illustrated
in Fig. 2.

[0030] As illustrated in Fig. 2, the ink jet recording ap-
paratus 1 includes a conveying unit 2 and a recording
unit 4. Further, the ink jet recording apparatus 1 includes
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an image reading unit 11, a belt cleaning unit 5, a belt
drying unit 6, and a control unit 60.

[0031] The conveying unit 2 includes a driving roller
21, a driven roller 22, an endless conveying belt 23, a
pressing unit 24, and a separation roller 25.

[0032] The endless conveying belt 23 is for example,
a steel belt here. The conveying belt 23 is entrained be-
tween the driving roller 21 and the driven roller 22 to
perform revolution operation (moving operation).
[0033] On the upper face of the conveying belt 23 and
on the upstream side of the recording unit 4 in the con-
veying direction conveying the printing medium P, the
pressing unit 24 is disposed. The pressing unit 24 is
formed in a roller shape, and is rotatably supported by a
supporting unit, not illustrated.

[0034] The length in the axial direction of the pressing
unit 24 is set to be longer than the length in the width
direction of a belt member 3, and the pressing unit 24 is
disposed so as to cover the conveying belt 23 from one
end to the other end in the width direction of the conveying
belt 23. The pressing unit 24 presses the printing medium
P conveyed to the conveying unit 2 toward the outer pe-
ripheral face of the conveying belt 23.

[0035] On the upper face of the conveying belt 23 and
on the downstream side of the recording unit 4 in the
conveying direction, the separation roller 25 is disposed.
The separation roller 25 separates the printing medium
P passed through the recording unit 4 from the conveying
belt 23.

[0036] In the section in which the conveying belt 23
moves horizontally such that the face on the outer pe-
ripheral side of the conveying belt 23 (the face on which
the printing medium P is placed) faces upside, the printing
medium P is placed on the placing face, and is conveyed
with the revolution movement of the conveying belt 23.
In this section, the printing medium P and the conveying
belt 23 are opposite the plane of the recording unit 4 in
which the respective inks are discharged from the noz-
zles of respective head units 40Y, 40M, 40C, and 40K of
the recording unit 4 (the ink discharging plane).

[0037] The recording unit 4 has the head units 40Y,
40M, 40C, and 40K individually provided for respective
colors of yellow (Y), magenta (M), cyan (C), and black
(K). For example, the head units 40Y, 40M, 40C, and
40K are disposed in the order of the head units 40Y, 40M,
40C, and 40K from the upstream side with respect to the
conveying direction of the printing medium P.

[0038] Each of the head units 40Y, 40M, 40C, and 40K
is provided to have a length (width) covering the entire
printing medium P for the direction perpendicular to the
conveying direction of the printing medium P (the width
direction of the printing medium P). And, each of the head
units 40Y, 40M, 40C, and 40K forms an image by scan-
ning at a time (in one direction) with respect to the re-
cording surface of the printing medium P. That s, the ink
jetrecording apparatus 1 is aninkjet recording apparatus
that adopts a one-pass method. In the following descrip-
tion, when the head units 40Y, 40M, 40C, and 40K are
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not required to be individually discriminated, these are
collectively called a head unit 40.

[0039] Here, referring to Fig. 3, the configuration ex-
ample of the head unit 40 will be described. Fig. 3 is a
plan view illustrating a state where the head unit 40 is
seen from the printing medium P side. As illustrated in
Fig. 3, the head unit 40 has a plurality of nozzles 243
disposed to be arrayed in a line along the width direction
of the printing medium P. Each of the nozzles 243 is
selectively operated by the control unit 60 based on the
recording data, and discharges the ink in color corre-
sponding to each of the head units 40Y, 40M, 40C, and
40K. The ink discharged from the nozzle 243 is landed
on the surface of the printing medium P opposite the re-
cording unit 4 (the recording surface).

[0040] In the present embodiment, the inks in the re-
spective colors of Y, M, C, and K are successively dis-
charged from the respective head units 40Y, 40M, 40C,
and 40K onto the printing medium P, so that the desired
image is formed on the printing medium P. Also, in the
present embodiment, the recording data in four grada-
tions are used, and driving waveforms corresponding to
the respective gradation values are determined such that
the droplet amounts of the inks discharged from the noz-
zles 243 are respectively 0 pL, 7 pL, 19 pL, and 30 pL
according to the gradation values (0, 1, 2, 3) (the pixel
values) of the respective pixels of the recording data.
[0041] Theinksused by the ink jetrecording apparatus
1 of the present embodiment are for example, pigment
inks.

[0042] The image reading unit 11 is provided on the
downstream side of the recording unit 4 in the conveying
direction of the printing medium P, and as illustrated in
Fig. 1, reads the imaging surface of the printing medium
P conveyed by the conveying belt 23.

[0043] The image reading unit 11 has an illumination
unit (not illustrated) emitting white light onto the printing
medium P conveyed on the placing face of the conveying
belt 34, and an imaging unit (not illustrated) detecting
reflection light from the printing medium P. The illumina-
tion unit includes a plurality of white light sources includ-
ing, for example, white color LEDs (Light Emitting Di-
odes). The imaging unit includes, for example, a CCD
(Charge Coupled Device) sensor or a CMOS (Comple-
mentary Metal Oxide Semiconductor) sensor, and in-
cludes a line sensor having sensitivity to the light having
the wavelength in the visible light region.

[0044] The illumination unit emits the white light under
the control of the control unit 60 when the image formed
on the printing medium P passes immediately below the
illumination unit. Then, the imaging unit images the re-
flection light reflected on the imaging surface. Thus, the
image reading unit 11 can image a one-dimensional im-
age of the image formed on the printing medium P (the
image for one pixel row). The image reading unit 11 can
obtain a two-dimensional image by repeating the imaging
atintervals according to the conveying speed of the print-
ing medium P.
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[0045] On the lower face of the outer peripheral face
of the conveying belt 23, the belt cleaning unit 5 and the
belt drying unit 6 are disposed. The belt cleaning unit 5
is disposed on the downstream side of the belt drying
unit 6 in the conveying direction indicated by the leftward
arrow in the drawing.

[0046] The belt cleaning unit 5 has a nozzle that blows
a cleaning solution onto the outer peripheral face of the
conveying belt 23. And, the belt cleaning unit 5 blows the
cleaning solution from the nozzle, and washes away the
ink that adheres to the outer peripheral face of the con-
veying belt 23. It should be noted that the belt cleaning
unit 5 does not necessarily have the nozzle blowing the
cleaning solution, and for example, a cleaning roller that
abuts on the outer peripheral face of the conveying belt
23 and is impregnated with the cleaning solution may be
used, and other various cleaning mechanisms are appli-
cable.

[0047] The beltdrying unit6 dries the cleaning solution
that is allowed to adhere to the conveying belt 23 by the
belt cleaning unit 5. The belt drying unit 6 can adopt, for
example, a configuration blowing air onto the conveying
belt 23. Alternatively, the belt drying unit 6 may include
a plate-shaped blade that scrapes off the cleaning solu-
tion that adheres to the conveying belt 23.

[0048] The configuration of the control system of the
ink jet recording apparatus

[0049] Next, the configuration of the control system of
the ink jetrecording apparatus 1 according to the present
embodiment will be described with reference to Fig. 4.
Fig. 4 is a block diagram illustrating the configuration of
the control system of the ink jet recording apparatus 1
according to the present embodiment. As illustrated in
Fig. 4, the ink jet recording apparatus 1 according to the
present embodiment includes the control unit 60, an in-
put-output interface 70, the recording unit 4, a conveying
driving unit 71, an operation display unit 72, the image
reading unit 11, a halftone processing unit 41, a nozzle
designation unit 42, and a recording control unit 43.
[0050] The control unit 60 has, for example, a CPU
(Central Processing Unit) 61, a RAM (Random Access
Memory) 62 used as the operation region of the CPU 61,
and aROM (Read Only Memory) 63 for storing a program
and the like executed by the CPU 61. Further, the control
unit 60 has a storage unit 64 including a hard disk drive
and the like as a large capacity storage device. The stor-
age unit 64 stores the data of the image read by the image
reading unit 11, a test chart for detecting the discharge
failure of the nozzle, information for performing the dis-
charge failure examination operation of the nozzle, and
the like.

[0051] The CPU 61 of the control unit 60 is connected
to each of the RAM 62, the ROM 63, the storage unit 64,
the input-output interface 70, the recording unit 4, the
conveying driving unit 71, the operation display unit 72,
the image reading unit 11, the halftone processing unit
41, the nozzle designation unit42, and the recording con-
trol unit 43 via a system bus B. And, the control unit 60
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controls the operation of each of these units.

[0052] For example, based on the reading image data
of the test chart transmitted from the image reading unit
11, the control unit 60 detects the nozzle 243 in which
the discharge failure is caused. Also, the control unit 60
image processes the image data received from the input-
outputinterface 70. Further, the control unit 60 performs
image processing, such as shading correction, image
density adjustment, and image compression with respect
to the received image data, if necessary.

[0053] The conveying driving unit 71 driving controls
the conveying unit 2 (see Fig. 2) under the control of the
control unit 60. Also, the operation display unit 72 is a
touch panelincluding aliquid crystal display device (LCD)
or an image display device, such as an organic LED. The
operation display unit 72 displays an instruction menu
with respect to the user, information related to the dis-
charge detection operation of the nozzle, information re-
lated to the obtained image data, and the like. Further,
the operation display unit 72 includes a plurality of keys,
and serves as an input unit receiving data inputs, such
as various instructions, letters, and numbers by the key
operation of the user.

[0054] The input-output interface 70 is connected to
an external device 100, such as a PC (personal compu-
ter) and a facsimile device. And, the input-output inter-
face 70 outputs the image datareceived from the external
device 100 to the control unit 60.

[0055] The image reading unit 11 emits the white light
onto the printing medium P at a predetermined timing
under the control of the control unit 60, and images the
reflection light to read the image formed on the printing
medium P. Then, the image reading unit 11 transmits the
reading image data obtained by the reading to the control
unit 60.

[0056] The halftone processing unit 41 performs color
conversion processing with respect to the image data,
and performs halftone processing, such as dithering
processing and error diffusion processing, thereby re-
ducing the gradation number of each pixel of the image
data to the gradation number that can be represented by
the ink jet recording apparatus 1. The recording data that
is the data obtained by the halftone processingis supplied
to the recording unit 4.

[0057] In the present embodiment, for example, the
halftone processing unit41 subjects the data of the image
data (for example, 256 gradations) to the halftone
processing to generate the recording data including four
gradations of "0", "1", "2", and "3". And, the pixel value
"1" of the recording data is represented as a "small drop-
let", the pixel value "2" is represented as the "small drop-
let" and a "medium droplet", and the pixel value "3" is
represented as a "large droplet". To the respective sizes
of the "small droplet", the "medium droplet”, and the
"large droplet", "7 pL", "19 pL", and "30 pL" are applied.
[0058] Also, the halftone processing unit 41 performs
the control of the droplet size and the dot percentage (the
dot filling percentage on the recording data) according
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to the magnitude of the pixel value of the image data (the
magnitude of the droplet coating percentage). The con-
trol processing of the droplet size and the dot percentage
by the halftone processing unit 41 will be described in
detail with reference to Figs. 5 and 6 illustrated later.
[0059] It should be noted that the color conversion
processing and the halftone processing performed by the
halftone processing unit 41 may be performed by the
control unit 60, an image processing unit, not illustrated,
and the like of the ink jet recording apparatus 1. Also, the
gradation numbers of the image data and the gradation
numbers of the recording data are examples, and the
present invention is not limited to these.

[0060] Therecordingunit4 receives the recording data
generated by the halftone processing unit 41, and forms
a predetermined image on the printing medium P based
on the recording data. Specifically, by driving each head
driving unit 241 of the respective head units 40Y, 40M,
40C, and 40K configuring the recording unit 4, the ink is
discharged from each of ink jet heads 242 to a predeter-
mined position on the printing medium P.

[0061] The nozzle designation unit 42 designates the
discharge failure nozzle 243 detected by the control unit
60 as the "failure nozzle", and sets the nozzle disposed
at a second position adjacent to a first position that is the
disposing position of the failure nozzle in the width direc-
tion of the printing medium P (for example, adjacent to
the right side of the first position toward the conveying
direction) to a first complementary nozzle. Further, the
nozzle designation unit 42 sets the nozzle disposed at a
third position adjacent to the first position and other than
the second position (for example, adjacent to the left side
of the first position toward the conveying direction) to a
second complementary nozzle.

[0062] The recording controlunit43 edits the recording
data such that when the failure nozzle is designated, the
ink is not discharged from the failure nozzle. Also, the
recording control unit 43 calculates a complementary val-
ue allocated with respect to the first complementary noz-
zle or the second complementary nozzle designated by
the nozzle designation unit 42, and allocates the com-
plementary value to the first complementary nozzle or
the second complementary nozzle. The detail of droplet
complementation processing by the recording control
unit 43 will be described later.

[0063] The control example of the droplet size and the
dot percentage by the halftone processing unit

[0064] Next, referring to Figs. 5 and 6, the control ex-
ample of the droplet size and the dot percentage by the
halftone processing unit 41 will be described. Fig. 5 is a
graph illustrating the control example of the dot percent-
age by the halftone processing unit41. In Fig. 5, the small
droplet is indicated by a solid line, the medium droplet is
indicated by a dashed line, and the large droplet is indi-
cated by an alternate long and short dashes line. Fig. 6
is a graph illustrating the control example of the droplet
size by the halftone processing unit 41. The vertical axis
in Fig. 6 indicates the dot percentage, and the horizontal
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axis indicates the droplet coating percentage (%).
[0065] Hereinafter, the control of the droplet size and
the dot percentage by the halftone processing unit 41 will
be described by three cases of the case where the droplet
coating percentage is less than 15% (an example of a
first threshold value), the case where the droplet coating
percentage is equal to or more than 15% and is less than
40% (an example of a second threshold value), and the
case where the droplet coating percentage is equal to or
more than 40%.

[0066] The case where the droplet coating percentage
is equal to or less than 15% of the largest ink amount

(The droplet size)

[0067] In the case where the droplet coating percent-
ageis equaltoorless than 15% of the largestink amount,
as illustrated in Fig. 6, the halftone processing unit 41
performs the image printing only by the pixel value "1"
(the small droplet). In this gradation, the granularity (the
roughness of the image) is likely to become a problem,
so that in the present embodiment, the minimum droplet
(the small droplet) is used without using the large droplet.

(The dot percentage)

[0068] In the case where the droplet coating percent-
ageis equaltoorless than 15% of the largestink amount,
as illustrated in Fig. 5, the halftone processing unit 41
performs the control that reduces the dot percentage up
to 40%. In the case where the droplet coating percentage
is equal to or less than 15% of the largest ink amount,
the image printing is performed only by the pixel value
"1" (the small droplet), as described above. Since the
small droplet has a small droplet diameter, the ink landed
on the printing medium P is not spread to the extent that
the droplet that becomes defective because the adjacent
nozzle cannot discharge the ink can be complemented.
Therefore, by the control to the dot percentage (an upper
limit of 40%) such that a gap between the droplets landed
on the printing medium P is provided to some extent, the
white streak can be made unlikely to be noticeable when
the white streak is caused. When the dot percentage ex-
ceeds 50%, the number of dots continuously disposed
in the nozzle row direction is increased, and the adjacent
dot is likely to be image printed, so that the halftone
processing unit 41 performs the control that reduces the
dot percentage up to 40%.

[0069] The case where the droplet coating percentage
is equal to or more than 15% and is less than 40% of the
largest ink amount

The droplet size

[0070] In the case where the droplet coating percent-
age is equal to or more than 15% and is less than 40%
of the largest ink amount, as illustrated in Fig. 6, the half-
tone processing unit 41 performs the image printing by
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using the pixel value "1" (the small droplet) and the pixel
value "2" (the medium droplet). The density of the ink is
made higher by replacing the dot of the small droplet with
the dot of the medium droplet.

The dot percentage

[0071] In the case where the droplet coating percent-
age is equal to or more than 15% and is less than 40%
of the largest ink amount, as illustrated in Fig. 5, the half-
tone processing unit 41 performs the control that reduces
the dot percentage up to 40%. As illustrated in Fig. 1, the
white streak is more noticeable than the black streak also
in this gradation, thereby performing the control to make
the white streak unlikely to be noticeable by providing
the gap between the droplets landed on the printing me-
dium P to some extent (the control that reduces the dot
percentage up to 40%).

[0072] The case where the droplet coating percentage
is equal to or more than 40% of the largest ink amount

The droplet size
[0073]

(1) The case where the droplet coating percentage
is equal to or more than 40% and is less than 60%
of the largest ink amount (an example of a third
threshold value)

In the case where the droplet coating percentage is
equal to or more than 40% and is less than 60% of
the largest ink amount, as illustrated in Fig. 6, the
halftone processing unit41 performs the image print-
ing by using only the pixel value "2" (the medium
droplet).

(2) The case where the droplet coating percentage
is equalto or more than 60% of the largestink amount

[0074] In the case where the droplet coating percent-
age is equal to or more than 60% of the largest ink
amount, as illustrated in Fig. 6, the halftone processing
unit 41 performs the image printing by using the pixel
value "2" (the medium droplet) and the pixel value "3"
(the large droplet).

[0075] Inthe gradationin which the droplet coating per-
centage is equal to or more than 40% of the largest ink
amount, as illustrated in Fig. 1, the white streak is likely
to be visually identified while the black streak is not vis-
ually identified. Therefore, in the case where the droplet
coating percentage is equal to or more than 40% of the
largest ink amount, in order to make the white streak
unlikely to be noticeable, the halftone processing unit 41
performs the image printing only by using the pixel value
"2" (the medium droplet) and the pixel value "3" (the large
droplet) without using the pixel value "1" (the small drop-
let).
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The dot percentage

[0076] In the case where the droplet coating percent-
age is equal to or more than 40% of the largest ink
amount, as illustrated in Fig. 5, the halftone processing
unit 41 performs the control that reduces the dot percent-
age up to 60%. In the gradation in which the droplet coat-
ing percentage is equal to or more than 40% of the largest
ink amount, as illustrated in Fig. 1, the black streak is
unlikely to be visually identified while the white streak is
likely to be visually identified. Therefore, by performing
the complementation by the droplet that is as large as
possible, the white streak can be made unlikely to be
noticeable more efficiently. However, since the ink jet
recording apparatus 1 according to the present embod-
iment adopts the one-pass method, when the ink in the
largest amount that can be discharged by the nozzle dur-
ing the image printing is discharged, the complementa-
tion cannot be performed.

[0077] To solve this problem, the halftone processing
unit 41 provides a margin with respect to the largest den-
sity by reducing the dot percentage up to 60% to allow
approximately 1/3 (33%) of the image printing surface to
have blank dots. Thus, the ink jet recording apparatus 1
that adopts the one-pass method can also perform the
complementation using the large droplet, so that in the
case where the droplet coating percentage is equal to or
more than 40% of the largest ink amount, the white streak
can be made unlikely to be noticeable.

Complementary value setting processing by the record-
ing control unit

[0078] Next,referringtoFigs.7to 11, examples of com-
plementary value setting processing by the recording
control unit 43 will be described. Fig. 7 is a diagram illus-
trating an example of effective complementation in the
case where the droplet coating percentage is less than
15%, and Fig. 8 is a diagram illustrating an example of
effective complementation in the case where the droplet
coating percentage is approximately 20%. Fig. 9 is a di-
agram illustrating an example of effective complementa-
tion in the case where the droplet coating percentage is
approximately 30%, and Fig. 10 is a diagram illustrating
an example of effective complementation in the case
where the droplet coating percentage is approximately
60%. Fig. 11 is a diagram illustrating an example of ef-
fective complementation in the case where the droplet
coating percentage is 100%.

[0079] In each of Figs. 7 to 11, the left drawing is a
diagram illustrating the droplet amount corresponding to
the pixel value of each pixel included in the range of three
pixel rows by five pixel columns of the recording data
before the complementation, and the right drawing is a
diagram illustrating the droplet value corresponding to
the pixel value of each pixel included in the range of the
recording data after the complementation. In each of
Figs. 7 to 11, it is assumed that the nozzle that performs
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the image printing of the pixel in the second column from
the right in the drawing is the failure nozzle (represented
as "defective" in the drawing). Also, it is assumed that
the nozzle adjacent to the right side of the failure nozzle
(the left side in the drawing) toward the conveying direc-
tion indicated by the downward arrow in the drawing is
allocated to the complementary nozzle.

[0080] In the case where the droplet coating percent-
age is less than 15%, as illustrated in the drawing on the
left side in Fig. 7, the image printing is performed only by
the smalldroplets, and the distance between the droplets
is large. Thus, when the white streak is caused since any
one of the nozzles is the failure nozzle, the white streak
is unlikely to be noticeable. Also, in this gradation, as
illustrated in Fig. 1, the granularity and the black streak
due to excessive complementation are more noticeable.
Therefore, in this gradation, the complementation using
the small droplet is effective.

[0081] In the case where the droplet coating percent-
age is approximately 20%, as illustrated in the left draw-
ing in Fig. 8, the medium droplet percentage is low, so
that as illustrated in the right drawing in Fig. 8, the black
streakis notnoticeable when the complementationis per-
formed by the large droplet. Also, in the case where the
droplet coating percentage is approximately 30%, as il-
lustrated in the left drawing in Fig. 9, the medium droplet
percentage is high, the black streak is unlikely to be vis-
ually identified. On the other hand, since the white streak
becomes noticeable, as illustrated in the right drawing in
Fig. 9, the large droplet having a large droplet diameter
is more suitable for the complementation. Therefore, it
is effective to perform the defective complementation by
the medium droplet used often in these gradations by
using the large droplet.

[0082] In the case where the droplet coating percent-
age is approximately 60%, as illustrated in the left draw-
ing in Fig. 10, the image printing is performed only by the
medium droplets, so that the black streak is not visually
identified, and the visibility of the white streak is in-
creased. Thus, it is desirable to discharge as many drop-
lets as possible to the portion visually identified as the
white streak.

[0083] In the case where the droplet coating percent-
age is 100%, as illustrated in the left drawing in Fig. 11,
the image printing is performed by the medium droplets
and the large droplets, so that the black streak is not
visually identified, and the visibility of the white streak is
increased. Therefore, when the droplet that should have
been discharged by the failure nozzle is the large droplet,
the complementation using the large droplet is effective.
[0084] Based on the above contents, in the present
embodiment, when the value of the defective pixel value
corresponding to the droplet that should have been dis-
charged by the failure nozzle is small, the recording con-
trol unit 43 sets the small pixel value also to the comple-
mentary value added to the pixel value to be discharged
from the complementary nozzle adjacent to the failure
nozzle. On the other hand, when the defective pixel value
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is at the medium level or more, the large pixel value is
set to the complementary value.

[0085] Here, referring to Fig. 12, the correspondence
of each pixel value of the recording data and each com-
plementary value will be described. Fig. 12 is a table il-
lustrating the correspondence of each pixel value of the
recording data and each complementary value. When
the pixel value of the recording data is "0 (null)", the re-
cording control unit 43 sets the complementary value to
"0 (null)". When the pixel value of the recording data is
"1" (the small droplet: 7 pL) (an example of a first prede-
termined value), the recording control unit 43 sets the
complementary value to "1" (7 pL). When the pixel value
of the recording data is "2" (the medium droplet: 19pL)
(an example of a second predetermined value), the re-
cording control unit 43 sets the complementary value to
"3" (30 pL). When the pixel value of the recording data
is "3" (the large droplet: 30 pL), the recording control unit
43 also sets the complementary value to "3" (30 pL). The
correspondence relation between each pixel value of the
recording data and each complementary value that is
added to the droplet amount discharged by the comple-
mentary nozzle is stored in, for example, a register (2 bit
register), not illustrated, and the like of the storage unit
64 (see Fig. 4).

Complementary value allocation processing by the re-
cording control unit

[0086] Next, referring to Fig. 13, an example of
processing for allocating (adding) each complementary
value to each complementary nozzle by the recording
control unit 43 will be described. Fig. 13 is a diagram
illustrating an example of the processing for allocating
each complementary value to each complementary noz-
zle by the recording control unit 43.

[0087] Fig. 13 is a diagram illustrating an example of
the complementation of the ink based on the recording
data after correction. The left drawing in Fig. 13 is a di-
agram illustrating the amount of the ink to be discharged
corresponding to each pixel included in the range of pixel
rows R1 to R13 and pixel columns C1 to C3 of the re-
cording data before correction by the size and the pattern
ofacircular mark. Therightdrawingin Fig. 13 is adiagram
illustrating the amount of the ink discharged correspond-
ing to each pixel in the range of the recording data after
correction by the size and the pattern of a circular mark.
[0088] Each of the pixel columns C1 to C3 in Fig. 13
corresponds to any one of three nozzles 243 adjacent to
each other, and the ink corresponding to the pixel includ-
ed in one pixel column is discharged from the same cor-
responding nozzle 243. Also, the pixel rows R1 to R13
respectively include the pixels corresponding to the three
nozzles 243.

[0089] In Fig. 13, the pixel value "0" is indicated by a
blank section, and the small droplet corresponding to the
pixel value "1" (7 pL) is indicated by the circular mark
having a small diameterin a fine dot pattern. The medium
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droplet (19 pL) corresponding to the pixel value "2" is
indicated by the circular mark having a medium-sized
diameter in a diagonal line pattern, and the large droplet
(30 pL) corresponding to the pixel value "3" is indicated
by the circular mark having a large diameter in a rough
dot pattern. Also, the defective pixel that should have
been discharged from the failure nozzle is indicated by
the white circular mark.

[0090] Here, it is assumed that the nozzle 243 corre-
sponding to the pixel column C2 is designated as the
failure nozzle (represented as "defective" in the drawing).
Also, it is assumed that the nozzle adjacent to the left
side of the failure nozzle in the drawing is set to the first
complementary nozzle (represented as "complementa-
tion 1" in the drawing), and the nozzle adjacent to the
right side of the failure nozzle in the drawing is set to the
second complementary nozzle (represented as "comple-
mentation 2" in the drawing).

[0091] In the pixel row R1, the pixel value correspond-
ing to the droplet amount that should have been dis-
charged by the failure nozzle (an example of a first pixel
value)is "0", so that the complementary value is also set
to "0". That is, the droplet complementation by the re-
cording control unit 43 is not performed. In the pixel row
R2, the defective pixel value is "1" (the small droplet), so
that the pixel value "1" (the small droplet) is set to the
complementary value. The complementation in the pixel
row R2 is performed from the first complementary nozzle.
The pixel value to be discharged from the first comple-
mentary nozzle (an example of a third pixel value) is "0",
so that the droplet amount after the complementation is
also the small droplet.

[0092] In the pixel row R3, the defective pixel value is
"1" (the small droplet), so that the pixel value "1" (the
small droplet) is set to the complementary value. The
complementation in the pixel row R3 is performed from
the second complementary nozzle. The pixel value to be
discharged from the second complementary nozzle is "1"
(the small droplet), the droplet amount after the comple-
mentation is the pixel value "2" (the medium droplet) ob-
tained by adding the pixel value "1" that is the comple-
mentary value to the pixel value "1".

[0093] In the pixel row R4, the defective pixel value is
"1" (the small droplet), so that the pixel value "1" (the
small droplet) is set to the complementary value. The
complementation in the pixel row R4 is performed from
the first complementary nozzle. The pixel value to be
discharged from the first complementary nozzle is "2"
(the medium droplet), so that the droplet amount after
the complementationis the pixel value "3" (the large drop-
let) obtained by adding the pixel value "1" that is the com-
plementary value to the pixel value "2".

[0094] In the pixel row R5, the defective pixel value is
"1" (the small droplet), so that" 1" (the small droplet) is
set to the complementary value. The complementation
in the pixel row R5 is to be performed from the second
complementary nozzle, but the pixel value to be dis-
charged from the second complementary nozzle (an ex-
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ample of a fourth pixel value) is "3" (the large droplet).
"3" (the large droplet) is the pixel value corresponding to
the largest droplet amount that can be discharged by the
second complementary nozzle (the largest pixel value),
so that the addition of the complementary value to the
second complementary nozzle cannot be performed. In
such a case, the complementary value in the portion that
cannot be added is discarded.

[0095] In the pixel row R6, the defective pixel value is
"2" (the medium droplet), so that the pixel value "3" (the
large droplet) (an example of a second pixel value) is set
to the complementary value. The complementation in the
pixel row R6 is performed from the first complementary
nozzle. The pixel value to be discharged from the first
complementary nozzle is "0", so that the droplet amount
after the complementation is the pixel value "3" (the large
droplet) obtained by adding the complementary value "3"
to the pixel value "0".

[0096] In the pixel row R7, the defective pixel value is
"2" (the medium droplet), so that the pixel value "3" (the
large droplet) is set to the complementary value. The
complementation in the pixel row R7 is performed from
the second complementary nozzle. The pixel value to be
discharged from the second complementary nozzle is "2"
(the medium droplet), so that the droplet amount after
the complementation is the large droplet. However, when
the pixel value "3" (the large droplet) set to the comple-
mentary value is added to the pixel value corresponding
to the droplet discharged by the second complementary
nozzle, the pixel value after the addition (called a post-
addition pixel value) exceeds the largest pixel value cor-
responding to the largest droplet amount that can be dis-
charged by the second complementary nozzle. That is,
the complementary value cannot be allocated to the sec-
ond complementary nozzle. Therefore, the pixel value
"1"in the portion that cannot be allocated (difference) is
allocated to the first complementary nozzle. The pixel
value to be discharged from the first complementary noz-
zle is "1" (the small droplet), so that the droplet amount
after the complementation is the medium droplet corre-
sponding to the post-addition pixel value "2" obtained by
adding the pixel value "1" that is the difference to the
pixel value "1".

[0097] In the pixel row R10, the defective pixel value
is "3" (the large droplet), so that the pixel value "3" (the
large droplet) is set to the complementary value. The
complementation in the pixel row R10 is performed from
the first complementary nozzle. The pixel value to be
discharged from the first complementary nozzle is "0".
Therefore, the droplet amount after the complementation
by the first complementary nozzle is the pixel value "3"
(thelarge droplet) obtained by adding the complementary
value "3" to the pixel value "0".

[0098] Inthe above embodiment, the recording control
unit 43 sets the second pixel value (for example, the pixel
value "3") larger than the first pixel value (for example,
the pixel value "2") corresponding to the droplet amount
that should have been discharged by the failure nozzle
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to the complementary value, adds the complementary
value to the third pixel value corresponding to the droplet
amount that should have been discharged by the com-
plementary nozzle, and discharges the ink in the droplet
amount corresponding to the post-addition pixel value
obtained by the addition from the complementary nozzle.
Therefore, according to the present embodiment, in the
ink jet recording apparatus 1, by increasing the ink
amount discharged from the complementary nozzle, the
white streak caused because the ink is unlikely to be
spread on the surface of the printing medium P can be
made unlikely to be noticeable.

[0099] Also, in the present embodiment, in one com-
plementation operation performed with respect to one
pixel row, the ink is not discharged from the two nozzles
of the first complementary nozzle and the second com-
plementary nozzle adjacent to the failure nozzle at the
same time, but is discharged from one of the comple-
mentary nozzles. That is, at the rate lower than the case
where the ink is discharged from both of the two nozzles,
the dot in the larger droplet amount is dotted on the print-
ing medium P. Therefore, according to the present em-
bodiment, from the viewpoint of the characteristic of the
ink in which the ink is unlikely to be spread on the surface
of the cloth as the printing medium P, a large number of
dots in the large droplet amount are dotted, so that the
improving effect with respect to the white streak can be
further improved.

[0100] Also, in the above embodiment, the pixel value
of the recording data and the complementary value are
previously managed so as to correspond to each other.
Therefore, by the simple complementation processingin
which the complementary value is alternately allocated
with respect to the first complementary nozzle or the sec-
ond complementary nozzle, the white streak in the high
gradation portion in which the droplet coating percentage
is high can be made unlikely to be visually identified.
[0101] Also, in the above embodiment, the respective
nozzles adjacent to both sides of the failure nozzle are
the first complementary nozzle and the second comple-
mentary nozzle, and the recording control unit 43 per-
forms the complementation while alternately using each
of the first complementary nozzle and the second com-
plementary nozzle. Therefore, according to the present
embodiment, the spreads of the droplets landed on the
printing medium P (cloth) can be connected in the diag-
onal direction, so that in particular, the complementation
effect of the white streak can be improved.

[0102] Also, inthe above embodiment, each of the pix-
el value of the recording data and the complementary
value is managed by the one-digit value, so that these
information can be stored in the 2 bit register and the like.
Therefore, according to the present embodiment, the
number of registers can be reduced, and the cost of the
ink jet recording apparatus 1 can be reduced.

[0103] Further, in the above embodiment, each of the
pixel value of the recording data and the complementary
value is managed by the one-digit value, and the process-
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ing for alternately allocating the complementary value to
each of the first complementary nozzle and the second
complementary nozzle can also be easily performed.
Therefore, in the present embodiment, the complemen-
tation processing can be implemented on the hardware,
and the complementation processing can be executed
at higher speed.

Various modifications

[0104] It should be noted that the present invention is
not limited to the above embodiment, and other various
application examples and modifications can be taken as
long as they do not depart from the purport of the present
invention described in the scope of the claims.

First Modification

[0105] In the ink jet recording apparatus 1 according
to the above embodiment, the example in which the re-
cording control unit 43 allocates (adds) the complemen-
tary value to each of the first complementary nozzle and
the second complementary nozzle in each pixel row is
given, but the present invention is not limited to this. For
example, the recording control unit 43 may allocate the
complementary value to, of the first complementary noz-
zle and the second complementary nozzle, the comple-
mentary nozzle in which the pixel value corresponding
to the droplet amount that should have been discharged
is smaller.

[0106] Fig. 14 is a diagram illustrating an example of
processing for allocating the complementary value to the
complementary nozzle by the recording control unit 43
accordingto afirst modification. Asiillustrated in the upper
drawing in Fig. 14, it is assumed that the pixel value that
should have been discharged by the failure nozzle (rep-
resented as "defective" in the drawing) is "3". Also, it is
assumed that the pixel value that should have been dis-
charged by the first complementary nozzle indicated as
"complementation 1" (represented as "complementation
1" in the drawing) is "0", and the pixel value that should
have been discharged by the second complementary
nozzle (represented as "complementation 2" in the draw-
ing) is "2". In this case, the recording control unit 43 per-
forms the allocation of the complementary value with re-
spect to the first complementary nozzle in which the pixel
value that should have been discharged is "0".

[0107] According to the first modification, the possibil-
ity that the allocation of the complementary value is per-
formed with respect to the complementary nozzle in
which the pixel value that should have been discharged
is large is lowered, so that the post-addition complemen-
tary value is less likely to exceed the pixel value corre-
sponding to the largest droplet amount that can be dis-
charged by the complementary nozzle. Therefore, ac-
cording to the first modification, the recording control unit
43 can perform the complementation using only one of
the complementary nozzles without performing the com-
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plementation using both of the first complementary noz-
zle and the second complementary nozzle.

Second Modification

[0108] Also, inthe above embodiment, in the recording
control unit 43, when the ink cannot be allocated to the
first complementary nozzle or the second complementa-
ry nozzle, the ink in the portion that cannot be allocated
is simply discarded, but a function of temporarily holding
the ink in the portion that cannot be allocated may be
provided. Here, referring to Fig. 15, an example of
processing for allocating the complementary value to the
complementary nozzle by the recording control unit 43
when the recording control unit 43 has the function of
temporarily holding the ink in the unallocated portion (a
second modification) will be described. Fig. 15 is a dia-
gram illustrating an example of the processing for allo-
cating each complementary value to each complemen-
tary nozzle by the recording control unit 43 according to
the second modification.

[0109] TheleftdrawinginFig. 15illustrates an example
of two pixel rows continuous in the conveying direction
of the recording data before the correction. The upper
drawing on the right side is a diagram illustrating a state
where the pixel value "3" corresponding to the droplet
amount that should have been discharged by the failure
nozzle is allocated to both of the second complementary
nozzle and the first complementary nozzle. Here, the re-
cording control unit 43 first allocates the pixel value "3"
corresponding to the droplet amount that should have
beendischarged by the failure nozzle, to the second com-
plementary nozzle, but since the pixel value correspond-
ing to the droplet amount that should have been dis-
charged by the second complementary nozzle is "2", the
pixel value that can perform the allocation (addition) is
only "1".

[0110] Next, the recording control unit 43 allocates the
pixel value "2" in the portion that cannot be allocated to
the second complementary nozzle, to the first comple-
mentary nozzle. However, the pixel value corresponding
to the droplet amount that should have been discharged
by the first complementary nozzle is "3", and the pixel
value "3" is the pixel value corresponding to the largest
droplet amount that can be discharged by the comple-
mentary nozzle. Therefore, the allocation of the pixel val-
ue to the first complementary nozzle cannot be per-
formed.

[0111] In the second modification, the recording con-
trol unit 43 temporarily holds the pixel value "2" in the
portion that cannot be allocated, and performs the allo-
cation of the pixel value in the unallocated portion in the
latter-stage pixel row in the conveying direction. The low-
er drawing on the right side in Fig. 15 illustrates an ex-
ample of the processing for allocating the pixel value in
the unallocated portion by the recording control unit 43.
[0112] In the pixel row in which the allocation of the
pixel value in the unallocated portion is performed, the
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pixel value corresponding to the droplet amount that
should have been discharged by the failure nozzle is "3"
(seetheleftdrawingin Fig. 15). And, the recording control
unit 43 allocates the pixel value "5" obtained by adding
the pixel value "2" that cannot be allocated in the previ-
ous-stage pixel row to this "3", to the second comple-
mentary nozzle and the first complementary nozzle.
Since the pixel value corresponding to the droplet amount
that should have been discharged by the second com-
plementary nozzle is "0", the recording control unit 43
allocates "3" of the pixel value "5" to the second comple-
mentary nozzle.

[0113] Then, the recording control unit43 allocates the
remaining pixel value "2" after the pixel value "3" is allo-
cated, to the first complementary nozzle. Since the pixel
value corresponding to the droplet amount that should
have been discharged by the first complementary nozzle
is "0", the recording control unit 43 allocates the pixel
value "2" to the first complementary nozzle.

[0114] In this way, by allowing the recording control
unit 43 to have the function of temporarily holding the
pixel value in the unallocated portion in which the alloca-
tion cannot be performed in one pixel row, the recording
control unit 43 can allocate the ink to the first comple-
mentary nozzle and the second complementary nozzle
without discarding the ink. However, the magnitude of
the pixel value temporarily held is desirably up to "3" (up
to the next pixel row). By providing such limit, forexample,
itis possible to prevent the coupling of the upper line and
the lower line by the complementation in the letter like "=".

Other modification

[0115] Also, in the above embodiment and the second
modification, the example in which the recording control
unit 43 allocates the complementary value to the first
complementary nozzle or the second complementary
nozzlein each pixel rowis given, butthe presentinvention
is not limited to this. For example, the recording control
unit 43 may select one of the first complementary nozzle
and the second complementary nozzle according to the
contents of various disturbances causing the tilting of the
ink jet head 242 of the recording unit 4 or the displace-
ment of the landing position of the ink discharged from
the nozzle 243 onto the printing medium.

Reference Signs List

[0116] 1 ... ink jet recording apparatus, 4 ... recording
unit, 11 ... image reading unit, 40 ... head unit, 41 ... half-
tone processing unit, 42 ... nozzle designation unit, 43 ...
recording control unit, 60 ... control unit, 64 ... storage
unit, 242 ... ink jet head, 243 ... nozzle

Claims

1. Anink jet recording apparatus comprising:
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a recording unit (4) having a plurality of nozzles
disposed in a first direction and each capable of
discharging ink in the droplet amount corre-
sponding to the magnitude of each pixel value
of recording data obtained by subjecting image
data to halftone processing;

aconveying unit (2) relatively moving the record-
ing unit and a printing medium in a second di-
rection orthogonal to the first direction;

a control unit (60) selectively operating the plu-
rality of nozzles based on the recording data to
form an image on the printing medium;

a nozzle designation unit (42) designating, of
the plurality of nozzles, the nozzle that does not
normally discharge the ink as a failure nozzle
and setting the nozzle disposed at a second po-
sition adjacent to a first position that is the dis-
posing position of the failure nozzle in the first
direction to a complementary nozzle comple-
menting the ink that should have been dis-
charged by the failure nozzle; and

a recording control unit (43) editing the image
data such that the ink is not discharged from the
failure nozzle, setting a second pixel value larger
than afirst pixel value corresponding to the drop-
let amount of the ink that should have been dis-
charged by the failure nozzle to a complemen-
tary value, adding the complementary value to
a third pixel value corresponding to the droplet
amount of the ink that should have been dis-
charged by the complementary nozzle, and dis-
charging the ink in the droplet amount corre-
sponding to a post-addition pixel value obtained
by the addition from the complementary nozzle.

The ink jet recording apparatus according to claim
1, wherein the printing medium is a cloth structured
of fibers processed in a thread shape.

The ink jet recording apparatus according to claim 1
or 2, wherein when the first pixel value is equal to or
less than a first predetermined value, the recording
control unit (43) sets the first pixel value to the com-
plementary value.

The ink jet recording apparatus according to claim
3, wherein when the first pixel value is equal to or
more than a second predetermined value larger than
the first predetermined value, the recording control
unit (43) sets the first pixel value to the complemen-
tary value.

The ink jet recording apparatus according to claim
4, wherein the pixel values of the recording data in-
clude four gradations of "0", "1","2", and "3", wherein
the recording control unit (43) sets the complemen-
tary value to "0" when the first pixel value is "0", sets
the pixel value of "1" to the complementary value
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when the first pixel value is "1", sets the pixel value
of "3" to the complementary value when the first pixel
value is "2", and sets the pixel value of "3" to the
complementary value when the first pixel value is "3".

The ink jet recording apparatus according to claim
5, wherein when the droplet amount corresponding
to the post-addition pixel value obtained by adding
the complementary value to the third pixel value ex-
ceeds the largest droplet amount that can be dis-
charged from the complementary nozzle, the record-
ing control unit (43) adds the pixel value up to the
largest droplet amount, and adds the difference be-
tween the post-addition pixel value and the largest
pixel value corresponding to the largest droplet
amount to a fourth pixel value corresponding to the
droplet amount discharged by, of the nozzles adja-
cent to the first position, the nozzle other than the
complementary nozzle.

The ink jet recording apparatus according to claim
6, wherein the nozzle designation unit (42) sets the
nozzle disposed at the second position adjacent to
the first position to a first complementary nozzle, and
sets the nozzle disposed at a third position adjacent
tothe first position and other than the second position
to a second complementary nozzle.

The ink jet recording apparatus according to claim
7, wherein the recording control unit (43) alternately
switches the first complementary nozzle or the sec-
ond complementary nozzle to which the complemen-
tary value is added each time the recording unit per-
forms scanning for each pixel row.

The ink jet recording apparatus according to claim
7, wherein the recording control unit (43) compares
the pixel value corresponding to the droplet amount
that should have been discharged by the first com-
plementary nozzle and the pixel value corresponding
to the droplet amount that should have been dis-
charged by the second complementary nozzle, and
performs processing for adding the complementary
value with respect to the complementary nozzle in
which the pixel value is smaller.

The ink jet recording apparatus according to any one
of claims 6 to 9, wherein the recording control unit
(43) performs processing for adding the complemen-
tary value according to the third pixel value or the
fourth pixel value according to the contents of various
disturbances including the tilting of the recording unit
or the displacement of the landing position of the ink
discharged from the nozzle onto the printing medi-
um.

The ink jet recording apparatus according to any one
of claims 1 to 10, wherein when the nozzle adjacent
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to the failure nozzle in the first direction is also de-
termined to be the failure nozzle, the nozzle desig-
nation unit (42) designates, of the nozzles adjacent
to the failure nozzle, the nozzle other than the nozzle
determined to be the failure nozzle as the comple-
mentary nozzle, and wherein the recording control
unit (43) performs processing for adding the com-
plementary value with respect to the complementary
nozzle.

The ink jet recording apparatus according to any one
of claims 1 to 11, wherein the ink jet recording ap-
paratus further includes a halftone processing unit
(41) generating the recording data by subjecting the
inputted image data to the halftone processing, and
wherein the halftone processing unit (41) generates
the recording data represented as "non-discharge"
and a "small droplet" when the pixel value of the im-
age data is less than a first threshold value, gener-
ates the recording data represented as the "non-dis-
charge", the "small droplet", and a "medium droplet"
when the pixel value of the image data is equal to or
more than the first threshold value and is less than
a second threshold value larger than the first thresh-
old value, generates the recording data represented
as the "non-discharge" and the "medium droplet”
when the pixel value of the image data is equal to or
more than the second threshold value and is less
than a third threshold value larger than the second
threshold value, generates the recording data rep-
resented as the "non-discharge"”, the "medium drop-
let", and a "large droplet" when the pixel value of the
image data is equal to or more than the third thresh-
old value, and generates the recording data in which
the occurrence percentage of the pixels to which the
"non-discharge" is allocated is not below substan-
tially 33% also when the pixel value of the image
data is the largest value.

The ink jet recording apparatus according to claim
12, wherein the third threshold value is the largest
value of the pixel value of the image data.
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