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(54) INKJET PRINTING APPARATUS AND INKJET PRINTING APPARATUS CONTROL METHOD

(57) Provided are an inkjet printing apparatus and an
inkjet printing apparatus control method capable of lim-
iting the reduction in image quality of an image that is
printed with an intervening interruption. The inkjet printing
apparatus is provided with: a conveyance means for con-
veying a print medium in the conveyance direction;
ink-discharging units provided so that the range of place-
ment of each of multiple printing element rows overlaps
with another printing element row in the width direction
and is separated therefrom in the conveyance direction;
and a control means for causing the ink-discharging units
to perform image printing operations in which the multiple
printing elements discharge ink to print an image on the
print medium. In the image printing operation, at each
position in the conveyance direction and for each position
of the width direction in the areas of printing element row
overlap, an ink-discharging operation is performed by at
least one of the printing elements belonging to the two
or more printing element rows. When the printing of an
image is interrupted, the control means causes the
ink-discharging units to perform an image printing oper-
ation on a partial image, which excludes the portions of
the image that are not to be printed due to the interruption.
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Description

TECHNOLOGICAL FIELD

[0001] The present invention relates to an inkjet re-
cording device and a method for controlling the inkjet
recording device.

DESCRIPTION OF THE RELATED ART

[0002] Conventional inkjet recording devices have
caused multiple recording elements provided on record-
ing heads to discharge ink droplets to recording media
conveyed by a conveyor to record images. In recent
years, in order to respond to requirements such as in-
crease in recording speed, inkjet recording devices have
used a technique of including long line heads provided
with multiple recording heads disposed in different posi-
tions along the width direction of a recording medium
such that recording elements are disposed over the width
of an recorded image orthogonal to the conveyance di-
rection of the recording medium, and discharging ink
droplets at the timing appropriate to the conveyance po-
sition of the recording medium from the recording ele-
ments disposed in fixed positions to record the image. In
such long line heads, recording heads are known that
are staggered from each other in the conveyance direc-
tion of the recording medium so as to overlap with the
others at the ends along the width direction of the record-
ing medium (see, for example, Patent Document 1).
[0003] For such line heads, there is a technique in
which two recording heads are disposed in overlapping
positions along the width direction, and for example, re-
cording elements in one of the two recording heads and
recording elements in the other recording head discharge
ink droplets to alternating positions in the overlapping
regions along the width direction, and the occurrence of
discontinuity in density at the connection portions of the
recording heads is thereby reduced.
[0004] In order to increase the recording resolution
along the width direction in the line heads, there is a tech-
nique in which pairs of recording heads, which are pro-
vided in different positions in the conveyance direction
with the recording elements in an alternating layout in
the width direction, define head modules, the head mod-
ules are staggered and recording elements disposed in
one of the pair of recording heads of a head module dis-
charge ink droplets at each position along the width di-
rection.
[0005] In this manner, the discharged volumes of ink
droplets are adjusted according to intervals between the
recording elements disposed along the width direction
such that a region receiving no ink droplets does not exist
and ink droplets that adhered to the recording medium
after several times of discharge of ink droplets performed
to transversely neighboring positions partially overlap
with each other in the case that ink droplets are comple-
mentarily discharged along the width direction by record-

ing elements in different positions in the conveyance di-
rection for recording of an image.
[0006] There is also a technique in which, if recording
of an image is interrupted, for example, at detection of
abnormality such as uplift of the recording medium and
foreign substances attaching to the recording medium,
the inkjet recording device restarts to record the image
after the cause of interruption is eliminated, thereby re-
cording of the image can be completed even though the
recording is interrupted, and thus the recording medium
can be efficiently used.

PRIOR ART DOCUMENTS

PATENT DOCUMENT

[0007] Patent Document 1: Japanese Patent Applica-
tion Laid Open
Publication No. 2015-145088

SUMMARY

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] If recording of an image is interrupted, simulta-
neous stop of the ink discharging operations of recording
elements in different positions in the conveyance direc-
tion of the recording medium causes only parts of the
recording elements to discharge ink droplets in a partial
region of the recording medium. When recording of the
image is restarted and other parts of the recording ele-
ments discharge ink droplets such that the ink droplets
partially overlap with those already discharged in the re-
gion, unevenness in color occurs because the state of
the ink droplets adhering to the recording medium in the
region is different from that of the ink droplets which were
discharged by recording elements in another region with-
out discontinuation of recording. Thus, the above-de-
scribed conventional techniques cause unevenness in
color of an image which was recorded by recording in-
cluding interruption, resulting in degraded image quality.
[0009] An object of the present invention is to provide
an inkjet recording device and a method for controlling
such an inkjet recording device capable of suppressing
degradation of the image quality of an image which was
recorded by recording including interruption.

MEANS FOR SOLVING THE PROBLEM

[0010] In order to achieve the above object, the inven-
tion of an inkjet recording device described in claim 1
includes: a conveyor configured to perform a conveyance
operation of conveying a recording medium in a prede-
termined conveyance direction; an ink discharger includ-
ing recording elements discharging ink; and a controller
to control operations of the conveyor and the ink dis-
charger, wherein the recording elements form recording
element arrays each of which is formed of two or more
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of the recording elements disposed in series in a direction
intersecting the conveyance direction, each of the record-
ing element arrays partially or entirely overlaps with at
least one of the other recording element array in an ar-
rangement range along a width direction orthogonal to
the conveyance direction and is spaced apart from the
at least one of the other recording element array in the
conveyance direction, the controller instructs the convey-
or to perform the conveyance operation and instructs the
ink discharger to perform an image recording operation
for recording of an image on the recording medium by
an ink discharging operation of each of the recording el-
ements discharging ink according to image data, in the
image recording operation, the ink discharging operation
is performed by at least any of the recording elements
belonging to two or more of the recording element arrays
for each position along the width direction at each position
along the conveyance direction in an overlapping region
where arrangement ranges along the width direction of
the two or more of the recording element arrays overlap
each other, and when recording of the image is interrupt-
ed, the controller instructs the ink discharger to perform
the image recording operation on a partial image other
than an unrecorded portion caused by the interruption in
the image.
[0011] According to the invention described in claim 2,
in the inkjet recording device described in claim 1, the
recording elements in each of the recording element ar-
rays are disposed along the width direction, and
when recording of the image is interrupted, the controller
interrupts the ink discharging operation by the recording
element of an upper-most stream recording element ar-
ray which is located at the upper-most stream in the con-
veyance direction among the two or more recording el-
ement arrays in the overlapping region, and thereafter
continues the ink discharging operation by the recording
element of the recording element array other than the
upper-most stream recording element array among the
two or more recording element arrays until a position at
which the ink discharging operation by the recording el-
ement of the upper-most stream recording element array
is interrupted on the recording medium in the conveyance
direction.
[0012] According to the invention described in claim 3,
in the inkjet recording device described in claim 1 or 2,
when recording of the image is interrupted, the controller
interrupts the ink discharging operation of the upper-most
stream recording element provided in the upper-most
stream in the conveyance direction among the recording
elements, and thereafter continues the ink discharging
operation by the recording element other than the upper-
most stream recording element until a position at which
the ink discharging operation by the upper-most stream
recording element is interrupted on the recording medium
in the conveyance direction.
[0013] According to the invention described in claim 4,
the inkjet recording device described in any one of claims
1 to 3, further includes a position retriever which acquires

positional information in the conveyance direction on the
recording medium conveyed by the conveyor, wherein
when recording of the image is interrupted, the controller
acquires, with the position retriever, recording-interrup-
tion positions on the recording medium corresponding to
the recording elements when the ink discharging opera-
tions by the recording elements are interrupted, acquires
content-interruption positions corresponding to the re-
cording elements on the image data at which the ink dis-
charging operations by the recording elements are inter-
rupted, instructs the ink discharger to perform the image
recording operation on the partial image, and thereafter
interrupts the conveyance operation by the conveyer,
and at restart of recording of the image and the convey-
ance operation, the controller starts the conveyance op-
eration of the recording medium in the conveyance di-
rection such that the recording medium at the recording-
interruption position corresponding to the upper-most
stream recording element which is provided at the upper-
most stream in the conveyance direction among the re-
cording elements starts to move from a conveyance re-
start position upstream of a position at which ink is dis-
charged from the upper-most stream recording element
in the conveyance direction, and instructs each of the
recording elements to restart the ink discharging opera-
tion at the content-interruption position corresponding to
each of the recording elements at the time of the record-
ing medium at the recording-interruption position corre-
sponding to each of the recording elements reaching the
position for each of the recording elements to discharge
ink.
[0014] According to the invention described in claim 5,
in the inkjet recording device described in claim 4, the
controller instructs the conveyor to convey the recording
medium reversely to the conveyance direction until the
recording medium at the recording-interruption position
corresponding to the upper-most stream recording ele-
ment reaches the conveyance restart position after inter-
ruption of the conveyance operation.
[0015] According to the invention described in claim 6,
the inkjet recording device described in any one of claims
1 to 5, including a plurality of the ink dischargers disposed
at different positions from each other in the conveyance
direction and configured to discharge ink of different
colors from the recording elements, wherein the control-
ler instructs the ink dischargers to record the images of
different colors on the recording medium, and when re-
cording of the images is interrupted, the controller in-
structs each of the ink dischargers to perform the image
recording operation for the partial image in the image of
the color corresponding to the ink discharger among the
images.
[0016] According to the invention described in claim 7,
in the inkjet recording device described in claim 6, the
controller instructs the ink dischargers to record the im-
ages so as to be superimposed on each other on the
recording medium, and when recording of the images is
interrupted, the controller instructs each of the ink dis-
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chargers to record the partial image in a same recording
range on the recording medium.
[0017] In order to achieve the above object, in the in-
vention of a method for controlling the inkjet recording
device described in claim 8, the inkjet recording device
includes: a conveyor configured to perform a conveyance
operation of conveying a recording medium in a prede-
termined conveyance direction; and an ink discharger
including recording elements discharging ink; wherein
the recording elements form recording element arrays
each of which is formed of two or more of the recording
elements disposed in series in a direction intersecting
the conveyance direction, each of the recording element
arrays partially or entirely overlaps with at least one of
the other recording element array in an arrangement
range along a width direction orthogonal to the convey-
ance direction and is spaced apart from the at least one
of the other recording element array in the conveyance
direction, and the method includes: a recording step of
instructing the conveyor to perform the conveyance op-
eration and instructing the ink discharger to perform an
image recording operation for recording of an image on
the recording medium by an ink discharging operation of
each of the recording elements discharging ink according
to image data, in the image recording operation, the ink
discharging operation is performed by at least any of the
recording elements belonging to two or more of the re-
cording element arrays for each position along the width
direction at each position along the conveyance direction
in an overlapping region where arrangement ranges
along the width direction of the two or more of the record-
ing element arrays overlap each other, and when record-
ing of the image is interrupted in the recording step, the
ink discharger is instructed to perform the image record-
ing operation on a partial image other than an unrecorded
portion caused by the interruption in the image.

EFFECTS OF THE INVENTION

[0018] In accordance with the present invention, there
is an effect that the degradation of the quality of an image
which was recorded by recording including interruption
can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

[FIG. 1] This illustrates a schematic configuration of
an inkjet recording device.
[FIG. 2A] This is a schematic diagram of a configu-
ration of a head unit.
[FIG. 2B] This is a partially enlarged view of the head
unit.
[FIG. 3] This is a block diagram illustrating a main
functional configuration of the inkjet recording de-
vice.
[FIG. 4] This is a block diagram of a functional con-

figuration of a head unit drive controller.
[FIG. 5A] This explains an interruption operation of
a conventional image recording operation.
[FIG. 5B] This explains the interruption operation of
the conventional image recording operation.
[FIG. 6] This explains an interruption operation of an
image recording operation according to the present
embodiment.
[FIG. 7] This explains a restart operation of the image
recording operation according to the embodiment.
[FIG. 8] This is a flow chart of a control procedure in
an image recording processing.
[FIG. 9] This is a flow chart of a control procedure of
the interruption processing called in the image re-
cording processing.
[FIG. 10] This explains an interruption operation of
an image recording operation according to a first
modification.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] The inkjet recording device and a method for
controlling the inkjet recording device according to the
present invention will now be described in reference to
the accompanying drawings.
[0021] Fig. 1 illustrates a schematic configuration of an
inkjet recording device 1 according to an embodiment of
the present invention.
[0022] The inkjet recording device 1 includes, for ex-
ample, a conveyor 10 (conveyor), a recorder 20, a con-
troller 30, and a medium detector 40.
[0023] The conveyor 10 includes, for example, a driv-
ing roller 11, a driven roller 12, a conveyor belt 13, a
conveyor motor 14, a rotary encoder 15 (position retriev-
er), a pressing roller 16, and a detaching roller 17.
[0024] The driving roller 11 is rotated around the rota-
tional axis by driving of the conveyor motor 14. The con-
veyor belt 13 is looped, is supported at the inner face by
the driving roller 11 and the driven roller 12 and is circled
by the rotation of the driving roller 11. The driven roller
12 is rotated by circulation of the conveyor belt 13 around
the rotational axis in parallel to the rotational axis of the
driving roller 11. The conveyor belt 13 can be composed
of a material that can be flexibly bent on the face of the
driving roller 11 in contact with the driven roller 12 and
can certainly support a recording medium M. For exam-
ple, the conveyor belt 13 may be a rubber belt, a resin
belt, or a steel belt. By the conveyor belt 13 including a
material and/or has a configuration that adheres to the
recording medium M, the recording medium M can be
stably placed on the conveyor belt 13.
[0025] The conveyor motor 14 rotates the driving roller
11 at a rotation speed in response to control signals from
the controller 30. The conveyor motor 14 can also be
rotated reversely to the normal conveyance direction of
the driving roller 11. After the conveyor belt 13 receives
the recording medium M on its conveying face, the con-
veyor belt 13 circulates at a speed rate corresponding to

5 6 



EP 3 466 690 A1

5

5

10

15

20

25

30

35

40

45

50

55

the rotation speed of the driving roller 11. The conveyor
10 thereby carries the recording medium M in the direc-
tion of the moving conveyor belt 13 (conveyance direc-
tion).
[0026] It should be noted that the recording medium M
can be intermittently conveyed. For example, the con-
veyance by the conveyor 10 is suspended while ink drop-
lets are discharged. The conveyance operation of the
conveyor 10 involves suspension of conveyance as de-
scribed above.
[0027] The recording medium M in form of a wound roll
is drawn and fed onto the conveyor belt 13. An image is
recorded on the recording medium M by the recorder 20,
and then the recording medium M is wound onto another
roll. It should be noted that the recording medium M may
be a cut sheet with a predetermined size, where the re-
cording medium M is fed onto the conveyor belt 13 from
a sheet feeder. An image is recorded on the recording
medium M, which is then conveyed by a paper ejector
from the conveyor belt 13 to a predetermined paper re-
ceiver.
[0028] In the present embodiment, although the re-
cording medium M is composed of a fabric cloth, the re-
cording medium M may be any other medium, such as
paper or a resin sheet on which discharged ink droplets
can be fixed.
[0029] The conveyor 10 according to the embodiment
can carry the recording medium M having a large size of
about 2 meters in width, orthogonal to the conveyance
direction. The recording medium M conveyed by the con-
veyor 10 may have a size smaller than about 2 meters
in width. The conveyor 10 may have a structure that can
carry the recording medium M having a size larger than
2 meters in width (for example, about 4 meters). The
recording medium M that can be conveyed may have a
maximum size smaller than 2 meters in width.
[0030] The rotary encoder 15 is mounted to the driving
roller 11 and transmits pulse signals (detection signals)
to the controller 30 and a head unit drive controller 211
(see Fig. 3) each time the driving roller 11 rotates by a
predetermined angle. The rotary encoder 15 may have
any configuration. The rotary encoder 15 may include,
for example, a code wheel having slits disposed on a
predetermined circumference and rotatable with the driv-
ing roller 11; a light emitter emitting light to the slits of the
code wheel; and a light receiver detecting light emitted
by the light emitter and passing through the slits. The
pulse signals may be transmitted to the controller 30 and
the head unit drive controller 211, based on the results
of detection of light by the light receiver. The pulse signals
may, for example, have the same cycle as the cycle of
reception of the light passing through the slits and may
be transmitted at the timing where two rectangular waves
with phases shifted by 90° from each other (phase A and
phase B) start to rise or fall. In such a configuration, the
shifted phases A and B can detect the rotational direction
of the driving roller 11.
[0031] The pressing roller 16 presses the recording

medium M conveyed from the conveyor belt 13 against
the conveying face of the conveyor belt 13 to remove
uplift due to, for example, wrinkle of the recording medium
M on the conveying face.
[0032] The detaching roller 17 pulls the recording me-
dium M adhering to and fed by the conveyor belt 13 with
a predetermined pressure and thereby draws the record-
ing medium M from the conveying face to feed the re-
cording medium M to a post-process device (not shown).
[0033] The recorder 20 includes four head units 21 (ink
dischargers). Each head unit 21 includes multiple record-
ing elements performing an ink discharging operation in-
volving discharge of ink droplets based on image data.
The recording elements discharge ink droplets to perform
an image recording operation involving recording of an
image on the recording medium M fed by the conveyor
10. The inkjet recording device 1 according to this em-
bodiment includes four head units 21 that corresponds
to four colors of yellow (Y), magenta (M), cyan (C), and
black (K), respectively, and are disposed in the color se-
quence of Y, M, C, and K from the upstream of the re-
cording medium M in the conveyance direction at prede-
termined intervals. In such a configuration, the head units
21 generate color images through discharge of the re-
spective color ink droplets from the recording elements.
The inkjet recording device 1 superimposes the Y, M, C,
and K images in the same region of the recording medium
M to record the color images of interest. The number of
head units 21 is not limited to four and may be three or
less or five or more depending on the number of colors
of ink droplets used for recording of images.
[0034] Fig. 2A and 2B schematically illustrate a con-
figuration of the head unit 21. Fig. 2A is a plan view of
the entire head unit 21 facing the conveying face of the
conveyor belt 13. Fig. 2B is a partially enlarged view of
Fig. 2A.
[0035] The head unit 21 includes sixteen recording
heads 212 each having multiple recording elements 213
that are disposed in series along the width direction for
discharge of ink droplets. The recording elements 213
on the recording heads 212 each includes a pressure
chamber reserving ink droplets, a piezoelectric element
provided on the wall of the pressure chamber, and noz-
zles. The recording elements 213 receive drive signals,
which cause the piezoelectric element to be deformed.
The deformation of the piezoelectric element then causes
the pressure chamber to be deformed, resulting in a var-
iation in pressure in the pressure chamber. This causes
the nozzles in communication with the pressure chamber
to discharge ink droplets. Figs. 2A and 2B illustrate the
positions of ink discharging ports of the nozzles in the
recording elements 213. The direction of the recording
elements 213 disposed in the recording heads 212 is not
limited to the width direction orthogonal to the convey-
ance direction and may be a direction intersecting with
the conveyance direction in an angle other than right an-
gle.
[0036] The nozzles of the recording elements 213 in
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each recording head 212 are disposed along the width
direction at an interval of about 141 mm corresponding
to 360 dots per inch (dpi). Pairs of recording heads 212
neighbor each other in the conveyance direction in a lay-
out of the nozzles of the transversely staggered recording
elements 213 and each pair defines a head module
212M. Thus, complementary discharge of ink droplets in
the width direction by the recording elements 213 of the
two recording heads 212 defining the head modules
212M enables images to be recorded in the resolution of
720 dpi along the width direction (the nozzles are dis-
posed at the interval of about 70.5 mm).
[0037] In the head unit 21 of the set of line heads, eight
head modules 212M are staggered so as to partially over-
lap with each other along the width direction in a layout
allowing the nozzles to discharge ink droplets so that the
discharge ranges are continuous along the width direc-
tion.
[0038] The head modules 212M overlap with each oth-
er along the width direction and are disposed in different
positions in the conveyance direction. Thus, the record-
ing heads 212 in the head modules 212M and the arrays
of the recording elements 213 of the recording heads 212
(hereinafter referred to as recording element arrays) are
disposed in a separates state in the conveyance direc-
tion. The recording element arrays in this embodiment
are each disposed in any of four positions in the convey-
ance direction. For example, the two head modules 212M
illustrated in Fig. 2B include four recording element ar-
rays 214a and 214b, 214c and 214d (hereinafter also
referred to as a recording element array 214 if they are
not distinguished from each other) disposed in four dif-
ferent positions in this order from the upstream of the
conveyance direction. All of the four recording element
arrays 214a, 214b, 214c, and 214d include nozzles in
the same positions in the conveyance direction. Herein-
after, the distances from the recording element array
214a disposed in the upper-most stream in the convey-
ance direction (the upper-most stream recording element
array) to other recording element arrays 214b, 214c, and
214d are referred to as distances Db, Dc, and Dd, re-
spectively. In this embodiment, the distance Db is about
19 mm, the distance Dc about 80 mm, and the distance
Dd about 99 mm. In the embodiment, the recording ele-
ments 213 in the upper-most stream recording element
arrays 214a are referred to as upper-most stream record-
ing elements.
[0039] As illustrated in Fig. 2B, a pair of head modules
212M are disposed in overlapping positions along the
width direction, and thus four recording element arrays
214a to 214d in the respective head modules 212M are
disposed in an overlapping region A along the width di-
rection. In this overlapping region A, any of the recording
elements 213 belonging to the four recording element
arrays 214a to 214d discharges ink droplets to positions
along the width direction. Such a complementary ink dis-
charging operation can reduce the occurrence of discon-
tinuity of density at the connection portions of the head

modules 212M.
[0040] In an overlapping region B other than the over-
lapping region A from the transversely overlapping region
of the recording element arrays 214a and 214b in the
head module 212M upstream of the conveyance direc-
tion, any of the recording elements 213 belonging to the
recording element arrays 214a and 214b discharges ink
droplets to positions along the width direction. In an over-
lapping region C other than the overlapping region A from
the transversely overlapping region of the recording el-
ement arrays 214c and 214d in the head module 212M
downstream of the conveyance direction, any of the re-
cording elements 213 belonging to the recording element
arrays 214c and 214d discharges ink droplets to positions
along the width direction.
[0041] In this manner, in the image recording operation
of the head units 21 in overlapping regions in the width
direction of two or more recording element arrays 214,
any of the recording elements 213 belonging to the two
or more recording element arrays 214 discharges ink
droplets to transverse positions on the recording medium
M in the conveyance direction.
[0042] The region where the nozzles of the head units
21 are disposed along the width direction cover a trans-
verse image-recordable region of the recording medium
M conveyed by the conveyor belt 13. The head units 21
are fixed in positions during recording of the image. The
head units 21 sequentially discharge ink droplets to dif-
ferent positions at predetermined intervals (conveyance-
direction interval) in the conveyance direction in synchro-
nization with the conveyance of the recording medium M
to record the image by a single-path mode. The convey-
ance-direction interval, that is, recording resolution in the
conveyance direction, which is determined by, for exam-
ple, frequencies of discharge from the nozzles and con-
veyance speed, may be equal to or different from 720
dpi as described above.
[0043] The medium detector 40 is disposed upstream
of the conveyance direction relative to the head units 21
and detects the abnormal placement of the recording me-
dium M, such as uplift, and foreign substances on the
recording medium M through a sensor. The sensor in-
cludes, for example, an emitter radiating a laser beam at
a predetermined height from the conveying face along
the width direction and a detector detecting the laser
beam along the width direction at the opposite side to
the emitter on the conveying face to detect blocking of
the laser beams by uplift or foreign substances. The sen-
sor may, however, have any configuration. For example,
a line sensor may be used that captures the image on
the face of the recording medium M to detect unevenness
in color on the recording medium M due to a foreign sub-
stance or a shadowed uplift portion. The medium detector
40 is preferably disposed upstream of and away from the
head units 21 such that the recording medium M is
stopped before a site with detected abnormality reaches
the position facing the head units 21 upon the detection
of the abnormality on the recording medium M to stop
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conveyance of the recording medium M.
[0044] Fig. 3 is a block diagram of a main functional
configuration of the inkjet recording device 1.
[0045] The inkjet recording device 1 includes, for ex-
ample, a conveyor driver 101 and a rotary encoder 15
provided in the conveyor 10, a head unit drive controller
211 and a recording head 212 provided in the head unit
21, a controller 30, a medium detector 40, an operation
display 51, an input/output interface 52, and a bus 53.
Among them, the controller 30 includes a central
processing unit 31(CPU), a random access memory 32
(RAM), a read only memory 33 (ROM), and a storage
34. In this embodiment, the controller 30 and the head
unit drive controller 211 define a controller.
[0046] The conveyor driver 101 transmits drive signals
to the conveyor motor 14 in response to control signals
from the CPU 31, causes the driving roller 11 to rotate
at a predetermined rotation speed and thereby causes
the conveyor belt 13 to move at a predetermined rate.
The conveyor driver 101 varies the rotation speed of the
driving roller 11 and eventually the moving rate of the
conveyor belt 13 in response to control signals from the
CPU 31. The conveyor driver 101 also causes the con-
veyor motor 14 to reversely rotate and the conveyor belt
13 to move reversely to the conveyance direction in re-
sponse to control signals from the CPU 31.
[0047] The head unit drive controller 211 transmits
drive signals instructing the piezoelectric elements to be
deformed to the recording elements 213 of the recording
heads 212 at appropriate timing according to data of an
image to be recorded and thereby causes the recording
elements 213 to discharge ink droplets. The drive signals
are synchronized with pulse signals from the rotary en-
coder 15 that indicate the position of the recording me-
dium M conveyed by the conveyor 10, for transmission.
[0048] Fig. 4 is a block diagram of a functional config-
uration of the head unit drive controller 211.
[0049] The head unit drive controller 211 includes re-
cording head drive controllers 2112 corresponding to the
respective sixteen recording heads 212 and a common
controller 2111 controlling the recording head drive con-
trollers 2112. The recording head drive controllers 2112
each include a discharge controller 2113 transmitting
drive signals corresponding to the image data to the re-
cording heads 212 at appropriate timing. The recording
head drive controller 2112 interrupts the ink discharging
operations of the recording elements 213 in reference to
data stored in the a interruption position storage 2114
and a delay amount storage 2115 upon the reception of
control signals instructing the interruption of the recording
of an image from the common controller 2111 in response
to a control signal from the controller 30. The recording
head drive controller 2112 also instructs the ink discharg-
ing operation of the recording element 213 to restart in
response to the reception of control signals instructing
to restart recording. The processes of interruption and
restart of recording will be detailed below.
[0050] The CPU 31 reads various programs and data

stored in the ROM 33 and saves the programs and data
in the RAM 32 to execute the programs for computation.
The CPU 31 also supervises the overall operation of the
inkjet recording device 1.
[0051] The RAM 32 provides the CPU 31 with memory
space for work and stores temporary data. The RAM 32
may include a non-volatile memory.
[0052] The ROM 33 stores, for example, control pro-
grams executed by the CPU 31 and various pieces of
data. The ROM 33 may be replaced with a rewritable
non-volatile memory, such as electrically erasable pro-
grammable read only memory (EEPROM) and flash
memory.
[0053] The storage 34 stores a print job (image record-
ing instruction) inputted from an external device 2 through
the input/output interface 52 and image data associated
with the print job. Examples of the storage 34 include a
hard disk drive (HDD), and a dynamic random access
memory (DRAM) may be used in combination.
[0054] The operation display 51 includes a display,
such as liquid crystal display or organic electro-lumines-
cent (EL) display, and an input device, such as an oper-
ation keyboard or a touch panel appearing on the screen
of the display. The operation display 51 presents various
types of data on the display, converts an input operation
by a user on the input device to operation signals and
transmits the signals to the controller 30.
[0055] The input/output interface 52 intermediates
transmission and reception of data between the external
device 2 and the controller 30. The input/output interface
52 includes, for example, any one or combination of var-
ious serial interfaces and parallel interfaces.
[0056] The bus 53 is a route for transmission and re-
ception of signals between the controller 30 and another
component.
[0057] The external device 2 is, for example, a person-
al computer and transmits a print job and image data to
the controller 30 through the input/output interface 52.
[0058] The interruption and restart of the image record-
ing operation by the inkjet recording device 1 according
to this embodiment will now be explained.
[0059] In the case where the head units 21 record an
image in response to a print job, the conveyor 10 starts
to convey the recording medium M, the head units 21
start to record the images, and the medium detector 40
starts to detect some type of abnormality on the recording
medium M. If the medium detector 40 detects abnormal-
ity, such as uplift of the recording medium M, recording
of the image and subsequent conveyance of the record-
ing medium M are interrupted.
[0060] If a predetermined input operation on the oper-
ation display 51 is performed after elimination of the
cause of abnormality on the recording medium M, the
conveyance of the recording medium M and recording
of the image are restarted.
[0061] Figs. 5A and 5B explain a conventional image
recording operation involving a interruption operation.
Figs. 5A and 5B illustrate a rectangular region where ink
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droplets have been discharged on the recording medium
M from the recording elements 213 of the head module
212M based on solid-image data.
[0062] The conventional interruption operation simul-
taneously interrupts the ink discharging operations of all
the recording elements 213 of the head module 212M.
Thus, as illustrated in Fig. 5A, the positions at which the
recording elements 213 interrupted for discharging ink
droplets stay on the recording medium M are defined by
the positions of the recording elements 213 in the con-
veyance direction, and the recording elements 213 are
not aligned with each other in the conveyance direction.
In other words, in a region R in the conveyance direction
of the recording medium M in Fig. 5A, only the recording
element array 214a upstream of the conveyance direc-
tion transversely discharges ink droplets in the resolution
of 360 dpi to record an image, and then the ink discharg-
ing operation is interrupted.
[0063] The recording of the image is restarted in this
state. The recording element array 214b downstream of
the conveyance direction discharges ink droplets in the
region R and recording is completed in the resolution of
720 dpi along the width direction. As illustrated in Fig.
5B, the density of ink droplets in the region R is higher
than that in a region Rn excluding the region R, which is
recognized as unevenness in color. This is because ink
droplets fixed on the recording medium M differently pen-
etrate into the recording medium M between the region
R in which the ink discharging operations of the two re-
cording element arrays 214a and 214b are discontinued
by a long interruption and another region Rn in which a
complementary ink discharging operation is sequentially
performed by the recording element arrays 214a, 214b.
[0064] More specifically, in the region Rn, the ink drop-
lets discharged by the recording element arrays 214a
and 214b in sequence penetrate into the recording me-
dium M in a similar manner and are fixed. Meanwhile, in
the region R, the ink droplets discharged by the recording
element array 214a before interruption of recording pen-
etrate into the recording medium M, and ink droplets dis-
charged by the recording element array 214b after restart
of recording overlie the fixed ink droplets. The ink droplets
that overlie the already fixed ink droplets remain in the
vicinity of the face of the recording medium M and do not
readily penetrate into the recording medium M. Thus, the
density of the ink droplets in the region R is relatively high.
[0065] Another example inkjet recording device dis-
charging ink droplets at different timings in the same re-
gion on a recording medium is of a scanning type. The
scanning inkjet recording device alternatingly repeats a
primary scanning operation involving discharge of ink
droplets from recording heads moving along the width
direction of the recording medium and a secondary scan-
ning operation involving movement of the recording me-
dium on the conveyance direction to record an image.
The time interval of the ink discharging operation onto
the same region in a recording medium in each of the
two continuous primary scanning operation is, for exam-

ple, at least hundred times longer than the time interval
of the ink discharging operation onto the same position
in the conveyance direction on the recording medium
from two recording element arrays disposed at different
positions in the conveyance direction in the single-path
inkjet recording device 1. Thus, in the scanning inkjet
recording device, the difference in density of ink droplets
between the two continuous primary scanning operations
and the two discrete recording operations is much small-
er than the difference in density of ink droplets between
the region R and the region Rn in the inkjet recording
device 1 according to this embodiment. In other words,
in the single-path inkjet recording device 1 according to
this embodiment, the unevenness in color generated at
the restart of the recording of an image is noticeable com-
pared to the scanning inkjet recording device.
[0066] Thus, in order to reduce generation of uneven-
ness in color in the case of interrupting and restarting of
recording in this embodiment, a predetermined interrup-
tion operation is performed before the interruption of the
image recording operation, and a predetermined restart
operation is performed at the restart of the image record-
ing operation. The interruption operation and the restart
operation, which will be described below, are performed
in the four head units 21 separately from and in parallel
to each other.
[0067] Fig. 6 explains the image recording operation
involving the interruption operation according to this em-
bodiment. Fig. 6 illustrates recording elements 213 of a
pair of head modules 212M disposed in partially overlap-
ping regions A, B, and C along the width direction and
the positions of ink droplets discharged from the record-
ing elements 213 on the recording medium M before the
interruption operation is completed. Fig. 6 illustrates a
pair of recording elements 213 disposed at same posi-
tions along the width direction in the overlapping region
A. The recording elements 213 discharging ink droplets
are illustrated by black circles, and those not discharging
ink droplets are illustrated by white circles.
[0068] In the image recording operation before the in-
terruption operation, the ink droplets are discharged from
the recording elements 213 on the recording medium M
carried by the conveyor 10. Thus ink droplets are dis-
charged to regions r1 illustrated by white rectangles. At
the completion of the ink discharging operation in the
regions r1, in other words, at the completion of the ink
discharging operations of the recording element arrays
214a, 214b, 214c, and 214d at positions pa1, pb1, pc1,
and pd1 on the recording medium M in the conveyance
direction, the interruption of the image recording opera-
tion is instructed, and the interruption operation starts.
[0069] In this embodiment, the conveyance of the re-
cording medium M by the conveyor 10 is continued even
after the start of the interruption operation. When the in-
terruption operation starts, the ink discharging operation
of the recording element array 214a in the upper-most
stream in the conveyance direction is interrupted at the
position pa1 on the recording medium M in the convey-
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ance direction. The ink discharging operations of the re-
maining recording element arrays 214b, 214c, and 214d
are continued until the ink discharging operation is com-
pleted on the position pa1 in the interrupted state of the
ink discharging operation of the recording element array
214a. The ink discharging operations are then interrupt-
ed. In other words, the ink discharging operations are
continued for respective periods (number of times) cor-
responding to the distances from the recording elements
213 of the recording element array 214a in the convey-
ance direction (i.e., the distances Db, Dc, and Dd) and
are then interrupted. In more detail, after restart of the
interruption operation, the ink discharging operation of
the recording element array 214b is performed in regions
rb1 extending from the position pb1 to the position pa1.
The ink discharging operation of the recording element
array 214c is performed in regions rc1 extending from
the position pc1 to the position pa1. The ink discharging
operation of the recording element array 214d is per-
formed in regions rd1 extending from the position pd1 to
the position pa1.
[0070] As a result, in a rectangular region R1 on the
recording medium M ending at the position pa1 in the
conveyance direction, the transverse ink discharging op-
erations of the recording element arrays 214a to 214d at
complementary positions are completed. In other words,
in the overlapping region A in the region R1, the ink dis-
charging operation is transversely performed by any one
of the recording elements 213 belonging to the recording
element arrays 214a to 214d at each position in the con-
veyance direction. In the overlapping region B in the re-
gion R1, the ink discharging operation is transversely per-
formed by any one of the recording elements 213 be-
longing to the recording element arrays 214a and 214b
at each position in the conveyance direction. In the over-
lapping region C in the region R1, the ink discharging
operation is transversely performed by any one of the
recording elements 213 belonging to the recording ele-
ment arrays 214c and 214d at each position in the con-
veyance direction. The continuation number of times of
the ink discharging operation of each recording element
213 of the recording element arrays 214b to 214d in the
interruption operation is initially stored in the delay
amount storage 2115 of the recording head drive con-
troller 2112 illustrated in Fig. 4.
[0071] In this manner, in the case that the recording of
images is interrupted, the image recording operation of
the head unit 21 involving the complementary ink dis-
charging operation in the overlapping regions A to C
along the width direction is completed on parts, other
than unrecorded portions due to the interruption, of an
image of interest, in the present embodiment. As a result,
the partial image has no regions with a recording reso-
lution of 360 dpi along the width direction at the interrup-
tion of recording, unlike the conventional image recording
operation, and the recording of partial images is complet-
ed in a resolution of 720 dpi along the width direction.
[0072] After the ink discharging operations of the re-

cording element arrays 214a to 214d are completed, the
conveyance of the recording medium M by the conveyor
10 is discontinued.
[0073] At the restart of the interrupted recording, the
conveyor 10 reversely conveys the recording medium M
until the position of the interrupted ink discharging oper-
ation of the recording element array 214a in the upper-
most stream (recording-interruption position), in other
words, the position pa1 is shifted to a conveyance restart
position upstream of a predetermined distance from a
recording position of the recording element array 214a
(the position of the ink droplets to be discharged by the
recording elements 213 in the conveyance direction).
The conveyance of the recording medium M in the con-
veyance direction is restarted thereafter. The predeter-
mined distance above is designated in a range that en-
ables the conveyance rate to increase for appropriate
discharge of ink droplets while the conveyance of the
recording medium M by the conveyor 10 is restarted and
the recording medium M at the position pa1 reaches the
recording positions of the recording elements 213 of the
recording element array 214a.
[0074] Fig. 7 explains the image recording operation
involving the restart operation according to the present
embodiment. Fig. 7 illustrates regions in which the restart
operation is initiated and the recording elements 213 dis-
charge ink droplets onto the recording medium M.
[0075] In the restart operation, when the recording me-
dium M at the recording-interruption position at the inter-
ruption of the ink discharging operation of each recording
element 213 reaches the recording positions of the re-
cording elements 213, the recording elements 213 start
to discharge ink droplets. In the restart operation, ink
droplets are discharged in accordance with image data
reflecting the content-interruption position at which the
ink discharging operation is interrupted.
[0076] In other words, following the restart of the con-
veyance of the recording medium M, the recording me-
dium M at the position pa1 reaches the recording posi-
tions of the recording elements 213 of the recording el-
ement array 214a, and then the recording element array
214a in the upper-most stream of the conveyance direc-
tion restarts to discharge ink droplets. The remaining re-
cording element arrays 214b, 214c, and 214d restart to
discharge ink droplets at time points after delay of the
number of times according to the distances Db, Dc, and
Dd (illustrated in the drawing). In other words, the ink
discharging operations of the recording element arrays
214b, 214c, and 214d are delayed until the recording
medium M at the position pa1 reaches the recording po-
sitions of the recording elements 213 of the recording
element arrays. The delayed amount corresponds to the
continuation number of times of the ink discharging op-
eration of each recording element array 214 in the inter-
ruption operation. Thus, the delayed number of times of
the ink discharging operation of the recording elements
213 of the recording element arrays 214b to 214d in the
restart operation is the same as the continuation number
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of times of the ink discharging operation stored in the
delay amount storage 2115 of the recording head drive
controller 2112 in the interruption operation. Thus, in the
case that the ink discharging operation of each recording
element 213 is interrupted at the same position in the
conveyance direction of the recording medium M as in
this embodiment, the timing for the restart of the ink dis-
charging operation of the recording element 213 may be
determined by delay of the time of the recording medium
M reaching the recording-interruption position of the re-
cording element array 214a in the upper-most stream by
the delay time (continuation number of times) of the ink
discharging operation stored in the delay amount storage
2115 for each recording element 213.
[0077] In other words, in the restart operation, the con-
veyance of the recording medium M is restarted and then
the recording medium M at the position pa1 reaches the
recording position of each recording element 213 of the
recording element array 214a. As illustrated in Fig. 7, the
recording elements 213 of the recording element array
214a start to discharge ink droplets in regions ra2 ex-
tending from the position pa1 to the position pa2. When
the recording medium M at the position pa1 reaches the
recording position of the recording element array 214b,
the recording elements 213 of the recording element ar-
ray 214b start to discharge ink droplets in regions rb2
extending from the position pa1 to the position pb2. When
the recording medium M at the position pa1 reaches the
recording position of the recording element array 214c,
the recording elements 213 of the recording element ar-
ray 214c start to discharge ink droplets in regions rc2
extending from the position pa1 to the position pc2. When
the recording medium M at the position pa1 reaches the
recording position of the recording element array 214d,
then all the recording element arrays 214a to 214d dis-
charge ink droplets in regions r2 illustrated by white rec-
tangles in Fig. 7.
[0078] An image recording processing performed in
the inkjet recording device 1 will now be described.
[0079] Fig. 8 is a flow chart of a control procedure of
the image recording processing in the inkjet recording
device 1 according to the present embodiment.
[0080] This image recording processing is performed
when the controller 30 receives a print job and image
data from the external device 2 via the input/output inter-
face 52.
[0081] At the start of the image recording processing,
the controller 30 transmits control signals to the conveyor
driver 101 to drive the conveyor motor 14 that causes
the conveyor 10 to start the conveyancering operation
and the medium detector 40 to start to operate (Step
S101).
[0082] The controller 30 instructs the head units 21 to
start the image recording operations (Step S102). In oth-
er words, the controller 30 instructs image data stored in
the storage 34 to be transmitted from the head unit drive
controller 211 to the recording heads 212 at timing ap-
propriate to the position, indicated by pulse signals of the

rotary encoder 15, of the recording medium M conveyed
by the conveyor 10 and instructs the recording elements
213 of the head units 21 to discharge ink droplets onto
the recording medium M.
[0083] The controller 30 instructs the medium detector
40 to check for abnormality on the recording medium M
(Step S103). If abnormality is detected ("NO" in Step
S103), a interruption processing is called (Step S106).
[0084] After the interruption processing, the controller
30 checks for the restart of the image recording operation
(Step S107). If the recording operation is restarted ("YES
in Step S107), the process goes to Step S103. If the
recording operation is not restarted ("NO" in Step S107),
the process of the controller 30 goes to Step S105.
[0085] If no abnormality on the recording medium M is
detected in the process of Step S103 ("YES" in Step
S103), the controller 30 checks for the termination of re-
cording of all the images that are designated by a print
job (Step S104). If the recording is not terminated ("NO"
in Step S104), the process of the controller 30 goes to
Step S103.
[0086] If the recording of all the designated images is
terminated ("YES" in Step S104) or the process in Step
S107 is terminated, the controller 30 performs various
processes associated with the termination of the image
recording (Step S105). The controller 30 stops the con-
veyor motor 14 and informs that the image recording is
terminated. The controller 30 deletes the setting of the
print job and image data of interest that are stored in the
storage 34. The controller 30 then terminates the image
recording processing.
[0087] Fig. 9 is a flow chart of a control procedure of
the interruption processing called in the image recording
processing. After the interruption processing is called,
the controller 30 transmits control signals instructing the
head unit drive controller 211 to terminate the image re-
cording operation.
[0088] Upon reception of the control signals, the head
unit drive controller 211 instructs the image recording
operation involving the interruption operation to be per-
formed and retrieves a recording-interruption position
and an content-interruption position for interruption of the
ink discharging operations of the recording elements 213
(Step S201). In other words, the head unit drive controller
211 instructs the common controller 2111 to transmit pre-
determined control signals to the recording head drive
controller 2112 and instructs the recording head drive
controller 2112 to interrupt the ink discharging operations
of the recording elements 213 in the recording heads 212
at the timing described above. The discharge controller
2113 in the recording head drive controller 2112 retrieves
the continuation number of times of the ink discharging
operation stored in the delay amount storage 2115 for
each recording element 213 and instructs the recording
elements 213 to discharge ink droplets in the continuation
number of times in synchronization with pulse signals
from the rotary encoder 15 and to interrupt the ink dis-
charging operation thereafter. The discharge controller
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2113 also retrieves the position of the recording medium
M at the completion of the ink discharging operations of
the recording elements 213 involved by the interruption
operation (i.e., a pulse signal count value from the rotary
encoder 15 or the recording-interruption position) and
the position of the completed ink discharging operations
of the recording elements 213 on image data (the con-
tent-interruption position) and stores these positions in
the interruption position storage 2114. The process of
Step S201 is independently performed by each recording
head drive controller 2112.
[0089] After the process in Step S201, the controller
30 transmits control signals to the conveyor driver 101
to gradually decrease the speed of the conveyor 10 con-
veying the recording medium M in accordance with a
predetermined profile, so that the conveyance of the re-
cording medium M is interrupted (Step S202). It should
be noted that the process in Step S202 may start before
the completion of the interruption operation involved in
the image recording operation in Step S201. In this case,
the controller 30 controls the operation of the conveyor
10 such that the conveyance of the recording medium M
is stopped after the completion of the interruption oper-
ation involved in the image recording operation.
[0090] The controller 30 checks for reception of an im-
age recording operation restarting command (Step
S203). The image recording operation restarting com-
mand is received in response to a predetermined input
operation on the operation display 51 by a user (an in-
structing operation). If the image recording operation re-
starting command is not received ("NO" in Step S203),
the controller 30 checks for reception of an image record-
ing operation stop command (Step S207). The image
recording operation stop command is received in re-
sponse to a predetermined input operation on the oper-
ation display 51 by a user, like the image recording re-
starting command. If the image recording operation stop
command is not received ("NO" in Step S207), the con-
troller 30 goes to the process in Step S203. If the image
recording operation stop command is received ("YES" in
Step S207), the controller 30 terminates the interruption
processing and returns to the image recording process-
ing.
[0091] If the image recording operation restarting com-
mand is received ("YES" in Step S203), the controller 30
transmits control signals to the conveyor driver 101 and
instructs the conveyor driver 101 to reversely convey the
recording medium M until the recording medium M at the
position pa1 reaches the conveyance restart position
(Step S204).
[0092] The controller 30 transmits control signals to
the conveyor driver 101 and instructs the conveyor 10 to
restart the conveyance of the recording medium M and
gradually increase the conveyance speed according to
a predetermined profile (Step S205).
[0093] The controller 30 transmits control signals to
the head unit drive controller 211 with respect to the re-
start of the image recording operation. Upon reception

of the control signals, the head unit drive controller 211
performs the operation to restart the recording of images
(Step S206). In other words, the head unit drive controller
211 transmits predetermined control signals from the
common controller 2111 to the recording head drive con-
troller 2112 and instructs the recording head drive con-
troller 2112 to restart the ink discharging operations of
the recording elements 213 of the recording heads 212
at the time described above. The discharge controller
2113 in the recording head drive controller 2112 restarts
the ink discharging operations at the time of the recording
medium M reaching the recording-interruption position
stored in the interruption position storage 2114 for each
recording element 213. The ink discharging operations
are performed in accordance with the image data after
the content-interruption position stored in the interruption
position storage 2114.
[0094] The timing for restart of the ink discharging op-
eration may be delayed from the time of the recording
medium M reaching the recording-interruption position
associated with the recording element array 214a in the
upper-most stream by the continuation number of times
of a delayed ink discharging operation stored in the delay
amount storage 2115. In this case, in the process of Step
S201, the discharge controller 2113 may store only the
recording-interruption position associated with the re-
cording element array 214a in the upper-most stream in
the interruption position storage 2114.
[0095] In the present embodiment, in the process of
Step S201, only the content-interruption position associ-
ated with any one of the recording elements 213 (for ex-
ample, of the recording element array 214a in the upper-
most stream) is stored in the interruption position storage
2114. In the process of Step S206, the content-interrup-
tion position of each recording element 213 may be iden-
tified based on the stored content-interruption position.
[0096] The process in Step S206 may start after the
conveyance speed of the recording medium M is in-
creased and is constant in the process of Step S205 or
when the conveyance speed is gradually increasing.
[0097] At the termination of the process in Step S206,
the controller 30 terminates the interruption processing
and returns to the image recording control processing.

(First Modification)

[0098] A first Modification of the present embodiment
will now be described. The interruption operation accord-
ing to the first modification is different from the embodi-
ment in that the positions of the interrupted ink discharg-
ing operations of the recording elements 213 in the con-
veyance direction of the recording medium M are distinct
among the head modules 212M. The difference of the
first modification from the present embodiment will now
be described.
[0099] Fig. 10 explains an image recording operation
involving a interruption operation according to the first
modification.
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[0100] In the interruption operation according to the
first modification, ink discharging operations of recording
elements 213 of recording element arrays 214a to 214d
disposed in an overlapping region A are continued to a
position pa1 and are then interrupted. The ink discharg-
ing operations of the recording elements 213 of the re-
cording element arrays 214a and 214b disposed in an
overlapping region B are continued to a position pa1 and
are then interrupted.
[0101] Meanwhile, the ink discharging operations of
the recording elements 213 of the recording element ar-
rays 214c and 214d disposed in an overlapping region
C are continued to the position pc1 and are then inter-
rupted. In other words, the ink discharging operations of
the recording elements 213 of the recording element ar-
ray 214c disposed in the overlapping region C are inter-
rupted before the start of the interruption operation. The
ink discharging operations of the recording elements 213
of the recording element arrays 214d disposed in the
overlapping region C are continued for period (number
of times) corresponding to the distance between the re-
cording element arrays 214c and 214d in the conveyance
direction (i.e., the difference between the distance Dd
and the distance Dc) and are then interrupted.
[0102] Thus, in the first modification, the recording el-
ement array 214a is in the upper-most stream of the over-
lapping regions A and B, and the recording element array
214c is in the upper-most stream of the overlapping re-
gion C.
[0103] Such a interruption operation allows for com-
pletion of the image recording operation on parts other
than an unrecorded portions of an image of interest due
to the interruption of recording in a rectangular region R1
that is defined by the upstream end of the recording me-
dium M in the conveyance direction and corresponds to
the layout of the head module 212M.
[0104] As in the first modification, the positions of the
interrupted ink discharging operations of the recording
elements 213 in the conveyance direction of the record-
ing medium M may not be same (that is, may not be
aligned on a line) in the case that complementary image
recording operations of head units 21 on the partial image
are completed. In the first modification, the positions of
the interrupted ink discharging operations on the record-
ing medium M are distributed in rectangles. Alternatively,
these positions may be disposed in an inclination distri-
bution in the conveyance direction and the width direction
or may be disposed on a curved line.

(Second Modification)

[0105] A second modification of the present embodi-
ment will now be described. An interruption operation
according to the second modification is different from that
according to the present embodiment in that each of four
head units 21 records partial image in the same recording
region on the recording medium M. The difference of the
second modification from the present embodiment will

now be described.
[0106] In the present embodiment, the interruption op-
eration is independently performed in the head units 21,
and thus the regions of partial images recorded by the
head units 21 are different according to the positions of
the head units 21 in the conveyance direction.
[0107] In the second modification, the interruption op-
eration is performed after the four head units 21 corre-
sponding to the respective colors of Y, M, C, and K record
partial images in the same region on the recording me-
dium M, and then the ink discharging operations of the
recording elements 213 are interrupted. That is, the ink
discharging operations of the recording elements 213 of
the four head units 21 are continued to the position of
the interrupted ink discharging operation of the recording
element 213 in the upper-most stream of the head unit
21 for Y in the upper-most stream, and then the ink dis-
charging operations are interrupted. In other words, the
interruption operation according to the second modifica-
tion causes the four head units 21 to complete the re-
spective image recording operations on the partial imag-
es other than unrecorded parts of color images of interest
caused by interruption to record the partial images color-
ed by four inks. At the restart of the image recording op-
eration, the recording medium M is reversely conveyed
such that the recording medium M at the recording-inter-
ruption position of the recording element 213 in the upper-
most stream of the head unit 21 corresponding to Y
reaches the position that is upstream of the recording
position of the recording element 213 in the conveyance
direction and the recording restarts. The conveyance of
the recording medium M in the conveyance direction then
restarts. The recording elements 213 in the four head
units 21 discharge ink droplets onto the unrecorded the
partial images.
[0108] As described above, the inkjet recording device
1 according to the present embodiment and the modifi-
cations thereof includes a conveyor 10 configured to per-
form a conveyance operation of conveying a recording
medium M in a predetermined conveyance direction; a
head unit 21 which has recording elements 213 discharg-
ing ink; and a controller 30 and a head unit drive controller
211 to control operations of the conveyor 10 and the head
unit 21. The recording elements 213 form recording ele-
ment arrays 214 each of which is formed of two or more
of the recording elements disposed in series in a direction
intersecting the conveyance direction, each of the record-
ing element arrays 214 partially or entirely overlaps with
at least one of the other recording element array 214 in
an arrangement range along a width direction orthogonal
to the conveyance direction and is spaced apart from the
at least one of the other recording element array 214 in
the conveyance direction, the controller 30 and the head
unit drive controller 211 as the controller instructs the
conveyor 10 to perform the conveyance operation and
instructs the head unit 21 to perform an image recording
operation for recording of an image on the recording me-
dium M by an ink discharging operation of each of the
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recording elements 213 discharging ink according to im-
age data,
in the image recording operation, the ink discharging op-
eration is performed by at least any of the recording el-
ements 213 belonging to two or more of the recording
element arrays 214 for each position along the width di-
rection at each position along the conveyance direction
in an overlapping region A to C where arrangement rang-
es along the width direction of the two or more of the
recording element arrays 214 overlap each other, and
when recording of the image is interrupted, the controller
instructs the head unit 21 to perform the image recording
operation on a partial image other than an unrecorded
portion caused by the interruption in the image.
[0109] Such a configuration does not generate a region
in which the ink discharging operations of part of the re-
cording elements 213 are not completed in a partial im-
age other than an unrecorded portion caused by inter-
ruption in an image of the recording target. Thus, no ink
droplet is discharged onto a region in which ink droplets
have been discharged before the interruption of record-
ing, after the restart of recording. This can achieve align-
ment of time intervals for ink droplets to be discharged
and overlaid among the recorded portion recorded before
interruption of recording in the image of the recording
target and the portion recorded at the restart of recording.
As a result, the unevenness in color at the restart of re-
cording of the image can be reduced.
[0110] The recording elements 213 in each of the re-
cording element arrays 214 are disposed along the width
direction, and when recording of the image is interrupted,
the controller 30 and the head unit drive controller 211
interrupts the ink discharging operation by the recording
element 213 of an upper-most stream recording element
array 214 which is located at the upper-most stream in
the conveyance direction among the two or more record-
ing element arrays 214 in each of the overlapping regions
A to C, and thereafter continues the ink discharging op-
eration by the recording element 213 of the recording
element array 214 other than the upper-most stream re-
cording element array 214 among the two or more re-
cording element arrays until a position at which the ink
discharging operation by the recording element 213 of
the upper-most stream recording element array 214 is
interrupted on the recording medium M in the convey-
ance direction (controller).
[0111] Thus, when recording of the image is interrupt-
ed, in each of the overlapping regions in the partial image,
the image recording operation involving the complemen-
tary ink discharging operation by recording element ar-
rays 214 is performed, and thereafter the ink discharging
operation is interrupted. As a result, there is no unfinished
region of the ink discharging operation by a part of of the
recording element arrays 214 in the overlapping regions
of the partial image. Thus, after restart of recording, ink
droplets are not discharged onto the region in which ink
droplets have been discharged before the interruption of
recording.

[0112] When recording of the image is interrupted, the
controller 30 and the head unit drive controller 211 inter-
rupt the ink discharging operation of the upper-most
stream recording element provided in the upper-most
stream in the conveyance direction among the recording
elements 213, and thereafter continues the ink discharg-
ing operation by the recording element 213 other than
the upper-most stream recording element until a position
at which the ink discharging operation by the upper-most
stream recording element is interrupted on the recording
medium in the conveyance direction (controller). Thus,
the boundary of a region where ink is discharged before
the interruption of recording of an image and a region
where ink is discharged after the restart of recording lies
on a straight line. The boundary can be minimized and
is thus less noticeable.
[0113] The inkjet recording device 1 further includes a
rotary encoder 15 which acquires positional information
in the conveyance direction on the recording medium M
conveyed by the conveyor 10. When recording of the
image is interrupted, the controller 30 and the head unit
drive controller 211 acquire, with the rotary encoder 15,
recording-interruption positions on the recording medium
M corresponding to the recording elements 213 when
the ink discharging operations by the recording elements
are interrupted, acquires content-interruption positions
corresponding to the recording elements 213 on the im-
age data at which the ink discharging operations by the
recording elements 213 are interrupted, instructs the
head unit 21 to perform the image recording operation
on the partial image, and thereafter interrupts the con-
veyance of the recording medium M by the conveyor 10,
and at restart of recording of the image and the convey-
ance operation, the controller 30 and the head unit drive
controller 211 start the conveyance operation of the re-
cording medium M in the conveyance direction such that
the recording medium M at the recording-interruption po-
sition corresponding to the upper-most stream recording
element which is provided at the upper-most stream in
the conveyance direction among the recording elements
213 starts to move from a conveyance restart position
upstream of a position at which ink is discharged from
the upper-most stream recording element in the convey-
ance direction among the recording elements 213, and
instruct each of the recording elements 213 to restart the
ink discharging operation at the content-interruption po-
sition corresponding to each of the recording elements
213 at the time of the recording medium M at the record-
ing-interruption position corresponding to each of the re-
cording elements 213 reaching the position for each of
the recording elements 213 to discharge ink (controller).
Such a configuration can certainly reduce the defects
arising from droplets overlaid on or spaced apart from
each other before interruption of recording and after re-
start of recording, with a simplified process. As a result,
the degradation of the image quality can be more cer-
tainly reduced in the position at which the recording of
an image is interrupted.
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[0114] The controller 30 instructs the conveyor 10 to
convey the recording medium M reversely to the convey-
ance direction until the recording medium M at the re-
cording-interruption position corresponding to the upper-
most stream recording element reaches the conveyance
restart position after interruption of the conveyance op-
eration (controller). Such a configuration can readily con-
vey the recording medium M at the recording-interruption
position corresponding to the upper-most stream record-
ing element to the conveyance restart position. Specifi-
cally, a position of a long continuous paper sheet or a
cloth cannot be moved by rotation in the usual convey-
ance direction of the conveyor belt 13. Thus, the auto-
matic conveyance instead of the manual conveyance in
the reversed direction can save labor of a user.
[0115] The inkjet recording device 1 includes multiple
head units 21 disposed at different positions from each
other in the conveyance direction and configured to dis-
charge ink of different colors from the recording elements
213. The controller 30 and the head unit drive controller
211 instruct the head units 21 to record the images of
different colors on the recording medium M, and when
recording of the images is interrupted, the controller 30
and the head unit drive controller 211 instruct each of the
head units 21 to perform the image recording operation
for the partial image in the image of the color correspond-
ing to the head unit 21 among the images.
(controller). Thus, in each of the partial images of different
colors, after the restart of recording, ink droplets of the
color are not discharged onto region where the ink of the
color corresponding to the partial image has been dis-
charged before interruption of recording. Thus, the align-
ment of the time intervals for inks to be discharged and
overlaid can be achieved among the parts recorded be-
fore interruption of recording in images of respective
colors and the parts to be recorded after the restart of
recording. As a result, the unevenness in color of images
at the restart of recording can be reduced, and the deg-
radation of quality of the recorded images can be re-
duced.
[0116] The controller 30 and the head unit drive con-
troller 211 according to the second modification instruct
the head units 21 to record the images so as to be su-
perimposed on each other on the recording medium M,
and when recording of the images is interrupted, the con-
troller 30 and the head unit drive controller 211 instruct
each of the head units 21 to record the partial image in
a same recording range on the recording medium M (con-
troller). Such a configuration can achieve the alignment
of time intervals for droplets with different colors to be
discharged and overlaid by the head units 21 in the re-
corded portions of the images before the interruption of
recording and the portions to be recorded at the restart
of the recording on the recording medium. As a result,
unevenness in color of images at the restart of the re-
cording can be reduced when images with different colors
are superimposed to record color image.
[0117] By controlling the inkjet recording device 1 in

the controlling method described above, after the restart
of recording, ink droplets not to be discharged onto the
regions in which ink droplets have been discharged be-
fore the interruption of the recording. Thus, the alignment
of the time intervals for inks to be discharged and overlaid
can be achieved among the parts recorded before and
after interruption of recording. As a result, the uneven-
ness in color of images at the restart of recording can be
reduced.
[0118] The present invention should not be limited to
the embodiment and the modifications described above
and may include any other modification.
[0119] For example, the present embodiment and the
modifications have been described with respect to the
control of restart of recording of images after the inter-
ruption of recording. In the case of defects on the record-
ed images before the interruption, however, the images
need not necessarily be recorded following the recorded
image recorded before interruption. New images may be
recorded again after interruption of recording of the pre-
vious image.
[0120] In the present embodiment and the modifica-
tions, any one of the recording elements 213 of the re-
cording element arrays 214a to 214d discharges ink
droplets at each position in the overlapping region A
along the width direction. Alternatively, recording ele-
ments 213 which are located at a same position in the
width direction may discharge ink droplets to comple-
mentary positions in the conveyance direction in the over-
lapping region A.
[0121] In the present embodiment and the modifica-
tions, any one of the recording elements 213 discharges
ink droplets for each position in the width direction at
each position in the conveyance direction on the record-
ing medium M. Alternatively, multiple recording elements
213 disposed at different positions in the conveyance
direction may discharge and overlay ink droplets for each
position along the width direction.
[0122] The interruption operation according to the
present embodiment and the modifications can be omit-
ted, for example, in the case of an interlock mechanism
actuated due to an earthquake or opening of a protection
door of the inkjet recording device 1 or in the case of an
emergency stop due to external transmission of an emer-
gency stop instruction.
[0123] The interruption operation according to the
present embodiment and the modifications automatically
starts based on the results of detection by the medium
detector 40. Alternatively, a supervisor may visually find
abnormality on the recording medium and manually start
the interruption operation through an input operation on
the operation display 51.
[0124] In the present embodiment and the modifica-
tions, after the interruption of recording of images, a user
enters a restarting command on the operation display 51
at the restart. In the case that the inkjet recording device
1 can automatically eliminate the cause of the interrup-
tion, for example, by an automatic appropriate operation
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of the pressing roller 16 for elimination of wrinkles, the
image recording may be restarted without an entry op-
eration by the user.
[0125] In the present embodiment and the modifica-
tions, the CPU 31 calculates the conveyance restart po-
sition, and the conveyor 10 reversely conveys the record-
ing medium M to the conveyance restart position. Alter-
natively, the user may manually rotate the driving roller
11 to reversely convey the recording medium M by an
appropriate distance.
[0126] If the recording medium M is a cut sheet instead
of a long cloth or a continuous paper sheet, the recording
medium M need not be reversely conveyed but can be
circulated by less than one rotation around the entire loop
of the conveyor belt 13 to the conveyance restart position.
[0127] In the present embodiment and the modifica-
tions, the driving roller 11 and the driven roller 12 circulate
the conveyor belt 13. However, the number of rollers is
not limited to two. Three or more rollers may be employed
to turn the conveyance path of the recording medium M.
[0128] In the present embodiment and the modifica-
tions, a rotary encoder 15 detects the rotational amount
of the driving roller 11. Alternatively, the rotary encoder
15 may detect the rotational amount of the driven roller
12 or the conveyor motor 14.
[0129] The rotary encoder 15 may be replaced with
any other type of position retriever, for example, a mag-
netic linear encoder including a magnetic pickup that
reads the magnetic pole face of a magnetic scale provid-
ed on the conveyor belt 13.
[0130] In the present embodiment and the modifica-
tions, the conveyor 10 including the conveyor belt 13 con-
veys the recording medium M. Alternatively, the conveyor
10 may include, for example, a rotating conveying drum
that holds the recording medium M on its peripheral face.
[0131] Although several embodiments of the present
invention have been described above, the scope of the
present invention is not limited to the above described
embodiments and includes the scope of the present in-
vention that is described in the claims and the equivalents
thereof.

INDUSTRIAL APPLICABILITY

[0132] The present invention can be used in an inkjet
recording device and a method of controlling the inkjet
recording device.

EXPLANATION OF REFERENCE NUMERALS

[0133]

1 INKJET RECORDING DEVICE
2 EXTERNAL DEVICE
10 CONVEYOR
101 CONVEYOR DRIVER
11 DRIVING ROLLER
12 DRIVEN ROLLER

13 CONVEYOR BELT
14 CONVEYOR MOTOR
15 ROTARY ENCODER
16 PRESSING ROLLER
17 DETACHING ROLLER
20 RECORDER
21 HEAD UNIT
211 HEAD UNIT DRIVE CONTROLLER
2111 COMMON CONTROLLER
2112 RECORDING HEAD DRIVE CONTROLLER
2113 DISCHARGE CONTROLLER
2114 INTERRUPTION POSITION STORAGE
2115 DELAY AMOUNT STORAGE
212 RECORDING HEAD
212M HEAD MODULE
213 RECORDING ELEMENT
214A, 214B, 214C, 214D RECORDING ELEMENT
ARRAY
30 CONTROLLER
31 CPU
32 RAM
33 ROM
34 STORAGE
40 MEDIUM DETECTOR
51 OPERATION DISPLAY
52 INPUT/OUTPUT INTERFACE
53 BUS
A, B, C OVERLAPPING REGION
M RECORDING MEDIUM

Claims

1. An inkjet recording device comprising:

a conveyor configured to perform a conveyance
operation of conveying a recording medium in a
predetermined conveyance direction;
an ink discharger including recording elements
discharging ink; and
a controller to control operations of the conveyor
and the ink discharger, wherein
the recording elements form recording element
arrays each of which is formed of two or more
of the recording elements disposed in series in
a direction intersecting the conveyance direc-
tion,
each of the recording element arrays partially or
entirely overlaps with at least one of the other
recording element array in an arrangement
range along a width direction orthogonal to the
conveyance direction and is spaced apart from
the at least one of the other recording element
array in the conveyance direction,
the controller instructs the conveyor to perform
the conveyance operation and instructs the ink
discharger to perform an image recording oper-
ation for recording of an image on the recording
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medium by an ink discharging operation of each
of the recording elements discharging ink ac-
cording to image data,
in the image recording operation, the ink dis-
charging operation is performed by at least any
of the recording elements belonging to two or
more of the recording element arrays for each
position along the width direction at each posi-
tion along the conveyance direction in an over-
lapping region where arrangement ranges along
the width direction of the two or more of the re-
cording element arrays overlap each other, and
when recording of the image is interrupted, the
controller instructs the ink discharger to perform
the image recording operation on a partial image
other than an unrecorded portion caused by the
interruption in the image.

2. The inkjet recording device according to claim 1,
wherein
the recording elements in each of the recording el-
ement arrays are disposed along the width direction,
and
when recording of the image is interrupted, the con-
troller interrupts the ink discharging operation by the
recording element of an upper-most stream record-
ing element array which is located at the upper-most
stream in the conveyance direction among the two
or more recording element arrays in the overlapping
region, and thereafter continues the ink discharging
operation by the recording element of the recording
element array other than the upper-most stream re-
cording element array among the two or more re-
cording element arrays until a position at which the
ink discharging operation by the recording element
of the upper-most stream recording element array is
interrupted on the recording medium in the convey-
ance direction.

3. The inkjet recording device according to claim 1 or
2, wherein, when recording of the image is interrupt-
ed, the controller interrupts the ink discharging op-
eration of the upper-most stream recording element
provided in the upper-most stream in the convey-
ance direction among the recording elements, and
thereafter continues the ink discharging operation
by the recording element other than the upper-most
stream recording element until a position at which
the ink discharging operation by the upper-most
stream recording element is interrupted on the re-
cording medium in the conveyance direction.

4. The inkjet recording device according to any one of
claims 1 to 3, further comprising a position retriever
which acquires positional information in the convey-
ance direction on the recording medium conveyed
by the conveyor, wherein
when recording of the image is interrupted, the con-

troller acquires, with the position retriever, recording-
interruption positions on the recording medium cor-
responding to the recording elements when the ink
discharging operations by the recording elements
are interrupted, acquires content-interruption posi-
tions corresponding to the recording elements on the
image data at which the ink discharging operations
by the recording elements are interrupted, instructs
the ink discharger to perform the image recording
operation on the partial image, and thereafter inter-
rupts the conveyance operation by the conveyer, and
at restart of recording of the image and the convey-
ance operation, the controller starts the conveyance
operation of the recording medium in the convey-
ance direction such that the recording medium at the
recording-interruption position corresponding to the
upper-most stream recording element which is pro-
vided at the upper-most stream in the conveyance
direction among the recording elements starts to
move from a conveyance restart position upstream
of a position at which ink is discharged from the up-
per-most stream recording element in the convey-
ance direction, and instructs each of the recording
elements to restart the ink discharging operation at
the content-interruption position corresponding to
each of the recording elements at the time of the
recording medium at the recording-interruption po-
sition corresponding to each of the recording ele-
ments reaching the position for each of the recording
elements to discharge ink.

5. The inkjet recording device according to claim 4,
wherein the controller instructs the conveyor to con-
vey the recording medium reversely to the convey-
ance direction until the recording medium at the re-
cording-interruption position corresponding to the
upper-most stream recording element reaches the
conveyance restart position after interruption of the
conveyance operation.

6. The inkjet recording device according to any one of
claims 1 to 5, comprising a plurality of the ink dis-
chargers disposed at different positions from each
other in the conveyance direction and configured to
discharge ink of different colors from the recording
elements, wherein
the controller instructs the ink dischargers to record
the images of different colors on the recording me-
dium, and
when recording of the images is interrupted, the con-
troller instructs each of the ink dischargers to perform
the image recording operation for the partial image
in the image of the color corresponding to the ink
discharger among the images.

7. The inkjet recording device according to claim 6,
wherein
the controller instructs the ink dischargers to record
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the images so as to be superimposed on each other
on the recording medium, and
when recording of the images is interrupted, the con-
troller instructs each of the ink dischargers to record
the partial image in a same recording range on the
recording medium.

8. A method of controlling an inkjet recording device
including: a conveyor configured to perform a con-
veyance operation of conveying a recording medium
in a predetermined conveyance direction; and an ink
discharger including recording elements discharging
ink; wherein the recording elements form recording
element arrays each of which is formed of two or
more of the recording elements disposed in series
in a direction intersecting the conveyance direction,
each of the recording element arrays partially or en-
tirely overlaps with at least one of the other recording
element array in an arrangement range along a width
direction orthogonal to the conveyance direction and
is spaced apart from the at least one of the other
recording element array in the conveyance direction,
the method comprising:

a recording step of instructing the conveyor to
perform the conveyance operation and instruct-
ing the ink discharger to perform an image re-
cording operation for recording of an image on
the recording medium by an ink discharging op-
eration of each of the recording elements dis-
charging ink according to image data, wherein
in the image recording operation, the ink dis-
charging operation is performed by at least any
of the recording elements belonging to two or
more of the recording element arrays for each
position along the width direction at each posi-
tion along the conveyance direction in an over-
lapping region where arrangement ranges along
the width direction of the two or more of the re-
cording element arrays overlap each other, and
when recording of the image is interrupted in the
recording step, the ink discharger is instructed
to perform the image recording operation on a
partial image other than an unrecorded portion
caused by the interruption in the image.
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