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(57) A liquid ejection device includes a plurality of
liquid ejection head units to eject liquid to a print medium
at different positions on a transport path respectively, a
conveying roller to transport the print medium on the
transport path, a detection unit, disposed at a distance
of an integral multiple of a peripheral length of the con-
veying roller away from an impact position where the lig-
uid ejected from each of the plurality of liquid ejection

head units reaches the print medium, to output a detec-
tion result indicating a lateral position of the print medium
in a direction orthogonal to a transport direction in which
the print medium is transported, and a movement unit to
move the corresponding one of the plurality of liquid ejec-
tion head units based on the detection result from the
detection unit.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to a liquid ejec-
tion device, aliquid ejection system, and a liquid ejection
method.

2. Description of the Related Art

[0002] Conventionally, aninkjetimage formation meth-
od is known which carries out image formation with ink
ejected from a print head. Approaches for increasing the
printing quality of an image printed on a print medium by
this image forming method are also known.

[0003] For example, a method for adjusting a position
of a print head in order to increase the printing quality of
a printed image is known as one of the approaches. Spe-
cifically, in this method, a positional change of a lateral
direction of a web of print medium passing through a
continuous-form printing system is first detected by a
sensor, and the position of the print head in the lateral
direction is adjusted to compensate for the positional
change detected by the sensor. For details of this meth-
od, see Japanese Laid-Open Patent Publication No.
2015-013476.

[0004] However, in order to further increase the image
quality of a printed image, it is required to increase the
level of accuracy of an impact position of ejected liquid
on the print medium in a direction (which direction will be
referred to as "orthogonal direction") orthogonal to a di-
rection in which the print medium is transported. In this
respect, it was difficult for the related art to increase the
level of accuracy of the impact position of ejected liquid
on the print medium in the orthogonal direction.

SUMMARY OF THE INVENTION

[0005] In one aspect, the present disclosure provides
aliquid ejection device which provides an increased level
of accuracy of the impact position of ejected liquid on the
print medium in the orthogonal direction.

[0006] Inone embodiment, the present disclosure pro-
vides a liquid ejection device including: a plurality of liquid
ejection head units configured to eject liquid to a print
medium at different positions on a transport path respec-
tively; a conveying roller configured to transport the print
medium on the transport path; a detection unit disposed
at a distance of an integral multiple of a peripheral length
of the conveying roller away from an impact position
where the liquid ejected from each of the plurality of liquid
ejection head units reaches the print medium, the detec-
tion unit being configured to output a detection result in-
dicating a lateral position of the print mediumin a direction
orthogonal to a transport direction in which the print me-
dium is transported; and a movement unit configured to
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move the corresponding one of the plurality of liquid ejec-
tion head units based on the detection result from the
detection unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG.1is adiagramillustrating aliquid ejection device
according to an embodiment.

FIG. 2 is a diagram illustrating an overall configura-
tion of the liquid ejection device according to the em-
bodiment.

FIGS. 3A and 3B are diagrams illustrating an outer
configuration of a liquid ejection head unit according
to an embodiment.

FIG. 4 is ablock diagram illustrating a hardware con-
figuration to implement a detection unit according to
an embodiment.

FIG.5 is adiagram illustrating an outer configuration
of a detection device according to an embodiment.
FIG. 6is a block diagram illustrating a functional con-
figuration of the detection unit according to the em-
bodiment.

FIGS. 7A and 7B are diagrams illustrating an exam-
ple in which a lateral position of a print medium in an
orthogonal direction is changed.

FIG. 8 is a diagram for explaining the cause of color
shift on the print medium.

FIG.9is ablock diagram illustrating a hardware con-
figuration of a control unit according to an embodi-
ment.

FIG. 10 is a block diagram illustrating a hardware
configuration of a data management unit included in
the control unit according to the embodiment.

FIG. 11 is a block diagram illustrating a hardware
configuration of an image outputting device included
in the control unit according to the embodiment.
FIG. 12is a flowchart for explaining overall process-
ing performed by the liquid ejection device according
to the embodiment.

FIG. 13 is a block diagram illustrating a hardware
configuration for moving the liquid ejection head unit
included in the liquid ejection device according to the
embodiment.

FIG. 14 is a diagram illustrating a movement mech-
anism for moving the liquid ejection head unit includ-
ed in the liquid ejection device according to the em-
bodiment.

FIG. 15 is a timing chart for explaining a method of
computing a change of the position of the print me-
dium by the liquid ejection device according to the
embodiment.

FIG. 16 is a diagram illustrating a test pattern which
is used by the liquid ejection device according to the
embodiment.

FIGS. 17A and 17B are diagrams illustrating a
processing result of overall processing by the liquid
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ejection device according to the embodiment.

FIG. 18 is a diagram illustrating a position where a
sensor is disposed in the liquid ejection device ac-
cording to the embodiment.

FIG. 19 is a diagram illustrating a hardware config-
uration of a first comparative example.

FIG. 20 is a diagram illustrating a processing result
of overall processing performed by a liquid ejection
device according to the first comparative example.
FIG. 21 is a diagram illustrating a processing result
of overall processing performed by a liquid ejection
device according to a second comparative example.
FIG. 22 is a diagram illustrating a position where a
sensoris disposed in a liquid ejection device accord-
ing to a comparative example.

FIG. 23 is adiagram for explaining a correlation com-
putation method according to an embodiment.

FIG. 24 is a diagram for explaining a method of de-
termining a peak position in the correlation compu-
tation according to the embodiment.

FIG. 25 is a diagram illustrating an example of com-
putation results of the correlation computation ac-
cording to the embodiment.

FIG. 26 is a block diagram illustrating a functional
configuration of the liquid ejection device according
to the embodiment.

FIG. 27 is a diagram illustrating a first modification
of the hardware configuration to implement the de-
tection unit according to the embodiment.

FIG. 28 is a diagram illustrating a second modifica-
tion of the hardware configuration to implement the
detection unit according to the embodiment.

FIGS. 29A and 29B are diagrams illustrating a third
modification of the hardware configuration to imple-
ment the detection unit according to the embodi-
ment.

FIG. 30 is adiagramillustrating a lens array including
a plurality of imaging lenses for use in the detection
unit according to the embodiment.

FIG. 31 is a diagram illustrating a modification of the
liquid ejection device according to the embodiment.
FIG. 32 is a timing chart for explaining a modification
of the method of computing an amount of change of
a lateral position of a print medium in the liquid ejec-
tion device according to the embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0008] Some embodiments of the present disclosure
are now described, by way of examples only, and with
reference to the accompanying drawings. The same ref-
erence number or character represents the same ele-
ment or the same type of element on all the drawings,
and redundant overlapping description will be omitted.
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<Overall Configuration>

[0009] FIG. 1is a diagram illustrating a liquid ejection
device according to an embodiment. For example, the
liquid ejection device is an image forming apparatus 110
as illustrated in FIG. 1. In this image forming apparatus
110, liquid being ejected is a marking liquid, such as
aqueous inks or oil-based paints. In the following, the
image forming apparatus 110 which is an example of the
liquid ejection device according to the embodiment will
be described.

[0010] For example, a medium being transported in
the image forming apparatus 110 is a web 120 of contin-
uous-form print medium. Asiillustrated in FIG. 1, the web
120 is transported by rollers 130, and the image forming
apparatus 110 ejects liquid to the web 120 to perform
image formation on the web 120. The web 120 may be
a continuous-form print medium or the like. Namely, the
web 120 may be a rolled-form sheet of paper and such
a sheet can be rolled. The image forming apparatus 110
may be a production printer.

In this example, the web 120 is transported in a direction
indicated by the arrow 10 in FIG. 1 and the rollers 130
position and tension the web 120 as the web 120 travels
through the image forming apparatus 110. The direction
10 will be referred to as "transport direction”. Further, in
this example, a direction indicated by the arrow 20 in FIG.
1, which is orthogonal to the transport direction 10, will
be referred to as "orthogonal direction". Moreover, in this
example, the image forming apparatus 110 may com-
prise an inkjet printer which ejects color inks, such as
yellow (Y), magenta (M), cyan (C), and black (K) inks, so
that an image is formed at a predetermined position on
the web 120.

[0011] FIG. 2 is a diagram illustrating an overall con-
figuration of the liquid ejection device according to the
embodiment. As illustrated in FIG. 2, the image forming
apparatus 110 includes four liquid ejection head units
210Y, 210M, 210C, 210K which are configured to eject
four color inks, respectively.

[0012] Each ofthe fourliquid ejection head units is con-
figured to eject a corresponding one of the color inks to
theweb 120 whichis transportedin the transport direction
10. Specifically, the web 120 is transported by using two
pairs of nip rollers NR1, NR2, and a roller 230. In the
following, one of the two nip roller pairs disposed up-
stream of the four liquid ejection head units will be re-
ferred to as "first nip rollers NR1", and the other nip roller
pair disposed downstream of the first nip rollers NR1 and
the four liquid ejection head units will be referred to as
"second nip rollers NR2". Note that each nip roller pair
pinches the print medium such as the web 120 between
the nip rollers so that the print medium is rotated in the
transport direction as illustrated in FIG. 2. In this way, the
nip roller pairs and the roller 230 constitute a mechanism
configured to transport the web 120 in the transport di-
rection.

[0013] Itis preferable that the print medium of the web
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120 is a continuous-form sheet extending longitudinally
in the transport direction. Specifically, it is preferable that
a length of the print medium is greater than a distance
between the first nip rollers NR1 and the second nip roll-
ers NR2. Furthermore, the print medium is not limited to
the web. Namely, the print medium may be fanfold paper
(e.g., z-fold paper).

[0014] Inthe configurationillustrated in FIG. 2, the four
liquid ejection head units are disposed in order of black
(K), cyan (C), magenta (M), and yellow (Y) in the direction
from the upstream side to the downstream side. Specif-
ically, the liquid ejection head unit disposed on the most
upstream side is the black liquid ejection head unit 210K.
The liquid ejection head unit disposed on the second
most upstream side is the cyan liquid ejection head unit
210C. The liquid ejection head unit disposed on the sec-
ond most downstream side is the magenta liquid ejection
head 210M. The liquid ejection head unit disposed on
the most downstream side is the yellow liquid ejection
head unit 210Y.

[0015] Each ofthefourliquid ejection head units is con-
figured to eject the corresponding one of the color inks
to a predetermined position on the web 120 in accord-
ance with image data. This position where the liquid eject-
ed from each liquid ejection head unit reaches the print
medium of the web 120 (which position will be referred
to as "impact position") is located immediately under the
liquid ejection head unit concerned. In this example, the
black ink is ejected to an impact position of the black
liquid ejection head unit 210K ("black impact position
PK"), the cyan ink is ejected to an impact position of the
cyan liquid ejection head unit210C ("cyanimpact position
PC"), the magenta ink is ejected to an impact position of
the magenta liquid ejection head unit 210M ("magenta
impact position PM"), and the yellow ink is ejected to an
impact position of the yellow liquid ejection head unit
210Y ("yellow impact position PY"). Note that the timing
when each liquid ejection head unit ejects the ink is con-
trolled by a controller 520 connected to the liquid ejection
head unit.

[0016] Itis preferable that, in the image forming appa-
ratus 110, a plurality of rollers are provided for each of
the four liquid ejection head units. Specifically, it is pref-
erable that, as illustrated in FIG. 2, the plurality of rollers
are disposed at both positions upstream and downstream
of each liquid ejection head unit. In the illustrated exam-
ple, aroller ("firstroller") is disposed in each liquid ejection
head unit upstream of the liquid ejection head unit to
transport the web 120 to the impact position, and a roller
("second roller") is disposed downstream of each liquid
ejection head unit to transport the web 120 from the im-
pact position to a downstream position. In this way, by
disposing the first rollers and the second rollers, it is pos-
sible to prevent rattling of the web 120 at each impact
position during the rotation of the web 120. Note that the
first rollers and the second rollers are used to transport
the print medium, and these rollers may be driven rollers.
Alternatively, the first rollers and the second rollers may
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be rollers rotated by a motor.

[0017] However, itis not necessary that the first rollers
which implement the first support member and the sec-
ond rollers which implement the second support member
are rollers, such as driven rollers. Namely, the first rollers
and the second rollers may be support members config-
ured to support the print medium. For example, the first
support member and the second support member may
be implemented by pipes or shafts having a round cross
section. Otherwise, the first support member and the sec-
ond support member may be implemented by curved
plates having a circular portion which comes in contact
with the print medium. An example in which the first sup-
port member and the second support member are dis-
posed is explained. Specifically, an example in which the
first support member is implemented by the first rollers
and the second support member is implemented by the
second rollers is explained.

[0018] In the illustrated example, a black first roller
CRA1K for transporting the web 120 to the black impact
position PK is disposed in order to eject the black ink to
the predetermined position on the web 120. A black sec-
ond roller CR2K for transporting the web 120 from the
black impact position PK to the downstream position is
disposed. Similarly, a cyan first roller CR1C and a cyan
second roller CR2C are disposed with respect to the cyan
liquid ejection head unit 210C. Furthermore, a magenta
first roller CR1M and a magenta second roller CR2M are
disposed with respect to the magenta liquid ejection head
unit 210M. Moreover, a yellow first roller CR1Y and a
yellow second roller CR2Y are disposed with respect to
the yellow liquid ejection head unit 210Y.

[0019] FIGS. 3A and 3B are diagrams illustrating an
outer configuration of a liquid ejection head unit accord-
ing to an embodiment. FIG. 3A is a plan view illustrating
an example of the four liquid ejection head units 210K to
210Y of the image forming apparatus 110 according to
the embodiment.

[0020] As illustrated in FIG. 3A, each liquid ejection
head unit 210 is a line-type liquid ejection head unit.
Namely, in the image forming apparatus 110, the four
liquid ejection head units 210K, 210C, 210M, and 210Y
corresponding to black (K), cyan (C), magenta (M), and
yellow (Y) are disposed from the upstream side in the
transport direction 10 of the print medium.

[0021] For instance, in the black liquid ejection head
unit 210K, four black heads 210K-1, 210K-2, 210K-3, and
210K-4 are disposed in a zig-zag pattern in the direction
orthogonal to the transport direction 10 of the web 120.
Thereby, the image forming apparatus 110 is able to form
an image that covers an overall width direction of an im-
age formation area (printing area) of the web 120 (which
direction corresponds to the orthogonal direction which
is orthogonal to the transport direction). Note that the
configurations of other liquid ejection head units 210C,
210M, and 210Y are the same as the configuration of the
black liquid ejection head unit 210K, and a description
thereof will be omitted.
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[0022] Although the example of the liquid ejection head
unit including the four heads has beenillustrated, a liquid
ejection head unitincluding a single head may be utilized
instead of the above example.

<Example of Detection Unit>

[0023] A sensor configured to detect a lateral position
of the print medium in the orthogonal direction (which is
an example of a detection unit) is disposed for each of
the liquid ejection head units. Examples of this sensor
include an optical sensor utilizing light, such as infrared
light, a laser sensor, an air pressure sensor, an optoe-
lectronic sensor, a supersonic wave sensor, etc. For ex-
ample, the optical sensor may be implemented by a
charge-coupled-device (CCD) camera. The sensortoim-
plement the detection unit may be a sensor configured
to detect an edge of the print medium. For instance, the
detection unit may be implemented by the following hard-
ware configuration.

[0024] FIG. 4 is ablock diagramiillustrating a hardware
configuration to implement a detection unit according to
an embodiment. For instance, the detection unit may be
implemented by the hardware configuration illustrated in
FIG. 4, which includes a detection device 50, a control
device 52, a memory device 53, and a computation de-
vice 54.

[0025] Next, the detection device 50 is explained. FIG.
5 is a diagram illustrating an outer configuration of a de-
tection device according to an embodiment.

[0026] When a position of a target, such as the web,
is detected by the detection device illustrated in FIG. 5,
light from a light source is emitted to the web of print
medium and a speckle pattern image generated by the
reflected light is captured by an imaging sensor. Specif-
ically, the detection device includes a semiconductor la-
ser light source (LD) and a collimator lens (CL). The de-
tection device further includes a CMOS (complementary
metal oxide semiconductor) image sensor configured to
capture a speckle pattern image, and a telecentric imag-
ing optical system (OL) configured to focus the speckle
pattern image onto the CMOS image sensor.

[0027] In the configuration illustrated in FIG. 5, the
CMOS image sensor captures a speckle pattern image
at each of multiple times including time T1 and time T2.
The computation device, such as an FPGA (field-pro-
grammable gate array) circuit, is configured to perform
correlation computation based on the speckle patternim-
age captured at time T1 and the speckle pattern image
captured at time T2. Based on the movement of the po-
sition of the correlation peak obtained from the compu-
tation result from the computation device, the CMOS im-
age sensor outputs an amount of movement of the print
medium in a period from time T1 to time T2. Note that,
in the illustrated example, the dimensions (width W x
depth D x height H) of the detection device are 15 x 60
x 32 mm. The details of the correlation computation will
be described later.
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[0028] Note that the CMOS image sensor is an exam-
ple of the imaging unitand the FPGA circuitis an example
of the computation device.

[0029] As illustrated in FIG. 4, the control device 52 is
configured to control the detection device 50. Specifical-
ly, the control device 52 outputs a trigger signal to the
detection device 50 and controls the timing at which the
shutter of the CMOS image sensor is caused to fire. The
control device 52 is configured to control the detection
device 50 and receive a two-dimensional image from the
detection device 50. Further, the control device 52 is con-
figured to send the two-dimensional image generated by
the detection device 50 to the memory device 53.
[0030] The memory device 53 is implemented by a
memory. Note that it is desirable that the control device
52 is configured to divide the two-dimensional image re-
ceived from the detection device 50 into image portions
and store the image portions in different storage areas.
[0031] The computation device 54 is implemented by
a microcomputer. Namely, the computation device 54 is
configured to perform computation using the image data
stored in the memory device 53 in order to carry out var-
ious processes.

[0032] Forexample,the control device 52 and the com-
putation device 54 are implemented by a CPU (central
processing unit) or electronic circuitry. Note that the con-
trol device 52, the memory device 53, and the computa-
tion device 54 may not be separate devices. Forexample,
the control device 52 and the computation device 54 may
be implemented by a single CPU.

<Functional Configuration of Detection Unit>

[0033] FIG.6isablock diagramillustrating a functional
configuration of a detection unit according to an embod-
iment. As illustrated in FIG. 6, the detection unit includes
an imaging unit 110F1, an imaging control unit 110F2, a
memory unit 110F3, and a velocity computation unit
110F4.

[0034] Inthe following, a case in which animage of the
web 120 transported in the transport direction 10 is cap-
tured by the imaging unit 110F1 twice (namely, two im-
ages are generated by the imaging unit 110F1) is ex-
plained. A position where the first one of the images is
captured by the imaging unit 110F1 is referred to as po-
sition A, and a position where the second one of the im-
ages is captured by the imaging unit 110F1 is referred
to as position B. Suppose that, when the second image
is captured, the first image captured at position A is al-
ready moved to position B by the transport of the web in
the transport direction 10.

[0035] As illustrated in FIG. 6, the imaging unit 110F1
is configured to capture an image of the web 120 trans-
ported in the transport direction 10. For example, the im-
aging unit 110F1 is implemented by the detection unit 50
(FIG. 4).

[0036] The imaging control unit 110F2 includes an im-
age acquisition unit 110F21 and a shutter control unit
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110F22. For example, the imaging control unit 110F2 is
implemented by the control device 52 (FIG. 4).

[0037] Theimage acquisition unit 110F21 is configured
to acquire the image captured by the imaging unit 110F1.
The shutter control unit 110F22 is configured to control
the timing at which the image is captured by the imaging
unit 110F 1.

[0038] The memory unit 110F3 includes a first storage
area 110F31, a second storage area 110F32, and an
image division unit 110F33. For example, the memory
unit 110F3 is implemented by the memory device 53
(FIG. 4).

[0039] Theimage division unit 110F33 is configured to
divide the image captured by the imaging unit 110F1 into
an image portion indicating position A and an image por-
tion indicating position B. Subsequently, the divided im-
age portions are stored in the first storage area 110F31
and in the second storage area 110F 32, respectively.
[0040] The velocity computation unit 110F4 is config-
ured to compute each of a position of the pattern on the
web 120, a moving velocity at which the web 120 is trans-
ported, and a movement by which the web 120 is trans-
ported, based on the image portions stored in the first
storage area 110F31 and the second storage area
110F32. Moreover, the velocity computation unit 110F4
is configured to output data of a difference At, which in-
dicates a shutter timing, to the shutter control unit
110F22. Namely, the velocity computation unit 110F4
outputs atrigger signal to the shutter control unit 110F22,
so that the image portion indicating position A and the
image portion indicating position B may be captured with
the difference At. The velocity computation unit 110F4
may be configured to control the motor which transports
the web 120 at a velocity consistent with the computed
moving velocity. For example, the velocity computation
unit 110F4 is implemented by the computation unit 54
(FIG. 4).

[0041] The web 120 is implemented by a member hav-
ing scattering characteristic on an external surface or an
internal surface of the member. When a laser beam is
emitted to the web 120, diffused reflection occurs with
the reflected laser beam. A pattern is formed on the web
120 by this diffused reflection. This pattern is a speckle
pattern including spots or speckles. Hence, when the im-
age of the web 120 is captured, a speckle pattern image
indicating the speckle pattern is captured. Because the
position where a speckle pattern is presentis known from
this speckle pattern image, the detection unit is config-
ured to detect where the predetermined position of the
web 120 is. Note that the laser beam which is emitted to
the web 120 is interfered with by projections and depres-
sions formed on the external or internal surface of the
web 120, and this pattern is generated by the interference
of the laser beam.

[0042] Thelightsource is notlimited to a device to emit
a laser beam. For example, the light source may be im-
plemented by a LED (light emitting diode) or an organic
EL (electro-luminescence). The pattern may not be a
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speckle pattern depending on the type of the light source.
In the following, a case in which the pattern is a speckle
pattern is explained.

[0043] When the web 120 is transported, the speckle
pattern on the web 120 is also transported together with
the web 120. Hence, a movement of the pattern on the
web 120 may be computed by detecting the same speck-
le pattern at different times. After the same speckle pat-
tern is detected and the movement of the pattern is com-
puted, the velocity computation unit 110F4 is able to com-
pute the movement of the web 120. Further, if the com-
puted movement is converted into a movement per unit
time, the velocity computation unit 110F4 is able to com-
pute the moving velocity at which the web 120 is trans-
ported.

[0044] Asdescribed above,theimaging ofthe web 120
is performed multiple times at the positions including po-
sition A and position B as illustrated. The same speckle
pattern is included in each captured image. The position,
the movement, and the moving velocity of the web are
computed based on the speckle pattern of each captured
image. In this way, based on the speckle pattern, the
image forming apparatus 110 is able to determine the
detection result indicating the position of the web 120 in
the orthogonal direction.

[0045] Note that the detection unit may detect a posi-
tion of the printmedium in the transportdirection. Namely,
the detection unit may be used in common to detect a
position of the print medium in the transport direction and
in the orthogonal direction. This will reduce the cost for
installing the detection device with respect to each of the
transport direction and the orthogonal direction. Further,
the number of detection devices may be reduced, which
will allow saving of the installation space.

[0046] Referring back to FIG. 2, in the following, the
sensor disposed on the black liquid ejection head unit
210K will be referred to as "black sensor SENK". Simi-
larly, the sensor disposed on the cyan liquid ejection head
unit 210C will be referred to as "cyan sensor SENK".
Similarly, the sensor disposed on the magenta liquid
ejection head unit 210M will be referred to as "magenta
sensor SENK". Furthermore, the sensor disposed on the
yellow liquid ejection head unit 210Y will be referred to
as "yellow sensor SENY". In the following, the black sen-
sor SENK, the cyan sensor SENK, the magenta sensor
SENK, and the yellow sensor SENY will collectively be
called "sensor".

[0047] Moreover, in the following, the position where
the sensor is disposed is the same as the position where
the detection is performed. Hence, it is not necessary
that all the devices including the detection device be dis-
posed at the positions where the sensors are disposed,
and devices other than the sensors which are connected
together by a cable or the like may be disposed at other
positions. Note that the black sensor SENK, the cyan
sensor SENK, the magenta sensor SENK, and the yellow
sensor SENY, illustrated in FIG. 2, represent an example
of the positions where the sensors are disposed.
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[0048] It is preferable that the position where the sen-
sor is disposed is a position in a vicinity of each impact
position. If the sensor is disposed in a vicinity of each
impact position, the distance between each impact posi-
tion and the sensor becomes small. If the distance be-
tween each impact position and the sensor becomes
small, it is possible to reduce the error in the detection
result. Hence, the image forming apparatus 110 is able
to detect the position of the print medium in the orthogonal
direction by using the sensor with a good level of accu-
racy.

[0049] Specifically, the position in a vicinity of each im-
pact position is a position between the first roller and the
second roller. In the illustrated example, it is preferable
that the position where the black sensor SENK is dis-
posed is in a range INTK1 between the black first and
second rollers CR1K and CR2K. Similarly, itis preferable
thatthe position where the cyan sensor SENK is disposed
is in a range INTC1 between the cyan first and second
rollers CR1C and CR2C. Similarly, it is preferable that
the position where the magenta sensor SENK is disposed
is in arange INTM1 between the magenta first and sec-
ond rollers CR1M and CR2M. Furthermore, it is prefer-
able that the position where the yellow sensor SENY is
disposed is in a range INTY1 between the yellow first
and second rollers CR1Y and CR2Y.

[0050] If the sensors are disposed between the first
and second rollers, the sensors are able to detect the
position of the print medium in the vicinity of each impact
position. Moreover, in many cases, the moving velocity
of the print medium between the rollers is comparatively
stable. Hence, the image forming apparatus 110 is able
to detect the position of the print medium in the orthogonal
direction with a good level of accuracy.

[0051] Itis preferable that the position where the sen-
sor is disposed is an intermediate position between the
first and second rollers, the intermediate position being
nearer to the first roller than the impact position. Namely,
it is preferable that the sensor is disposed at a position
upstream of the impact position.

[0052] Specifically, it is preferable that the position
where the black sensor SENK is disposed is in a section
(which is called "black upstream section INTK2") be-
tween the black impact position PK and the position
where the black first roller CR1K is disposed. Similarly,
it is preferable that the position where the cyan sensor
SENK is disposed is in a section (which is called "cyan
upstream section INTC2") between the cyan impact po-
sition PC and the position where the cyanfirstroller CR1C
is disposed. Similarly, it is preferable that the position
where the magenta sensor SENK is disposed is in a sec-
tion (which is called "magenta upstream section INTM2")
between the magenta impact position PM and the posi-
tion where the magenta first roller CR1M is disposed.
Further, itis preferable that the position where the yellow
sensor SENY is disposed is in a section (which is called
"yellow upstream section INTY2") between the yellow im-
pact position PY and the position where the yellow first
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roller CR1Y is disposed.

[0053] If the above sensors are disposed in the black
upstream section INTK2, the cyan upstream section
INTC2, the magenta upstream section INTM2, and the
yellow upstream section INTY2, respectively, the image
forming apparatus 110 is able to detect the position of
the print medium in the orthogonal direction with a good
level of accuracy.

[0054] Furthermore, if the above sensors are disposed
in this way, the position where each sensor is disposed
is located upstream of each impact position. Hence, the
image forming apparatus 110is able to detect the position
of the print medium in the orthogonal direction with a
good level of accuracy by using the upstream-side sen-
sors, and also able to compute the timing for controlling
each liquid ejection head unit to eject the ink. Namely, if
the web 12 is transported to the downstream position
during the period when the computation is performed,
each liquid ejection head unit can be controlled to eject
the ink to the web 12 according to the computed timing.
[0055] If each sensor is disposed at a position imme-
diately under the corresponding liquid ejection head unit,
a color shift may arise due to the delay of the control
action. Hence, if each sensor is disposed upstream of
the corresponding impact position in order to prevent the
color shift, the image forming apparatus 110 is able to
provide increased image quality. If each sensor is dis-
posed in a vicinity of the corresponding impact position,
the restriction of the installation space for the sensor may
arise. Hence, it is preferable that the position where each
sensor is disposed is in a section between the corre-
sponding impact position and the corresponding first roll-
er.

[0056] FIGS. 7A and 7B are diagrams illustrating an
example in which a lateral position of the print medium
in the orthogonal direction is changed. In the this exam-
ple, suppose that the web 120 (the print medium) is trans-
ported in the transport direction 10 as illustrated in FIG.
7A. When the web 120 is transported by the conveying
roller, there may be a case in which the position of the
web 120 in the orthogonal direction perpendicular to the
transport direction 10 is changed as illustrated in FIG.
7B. Namely, the web 120 in this example is snaking along
the transport path as illustrated in FIG. 7B.

[0057] For example, the change of the position of the
web 120 in the orthogonal direction (or snaking move-
ment) may arise due to eccentricity or misalignment of
the conveyingroller or cutting of the web 120 by the blade.
Moreover, when the web 120 has a too small width in the
orthogonal direction, thermal expansion of the conveying
roller or the like may affect the change of the position of
the web 120 in the orthogonal direction.

[0058] FIG. 8 is a diagram for explaining the cause of
color shift on the print medium. When the position of the
web 120 (the print medium) in the orthogonal direction
is changed (or when the snaking movement arises) as
illustrated in FIG. 7B, color shift is likely to arise on the
web 120 due to the cause illustrated in FIG. 8.
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[0059] Specifically, when an image is formed on the
print medium using multiple color inks (or when a color
image is formed), in the image forming apparatus, the
color inks ejected from the liquid ejection head units are
overlapped to form a color image on the web 120 as
illustrated in FIG. 8.

[0060] There may be the case in which the change of
the position of the web 120 (or the snaking movement)
illustrated in FIG. 7B arises with respect to a reference
line 320 indicated in FIG. 8. In this case, the position of
the web 120 in the orthogonal direction is changed due
to the snaking movement of the web 120 relative to the
liquid ejection head units, and if each liquid ejection head
unit ejects the ink to the web 120 at the same lateral
position, the color shift arises on the web 120 as indicated
by lines 330 in FIG. 8. Namely, the positions of the lines
formed on the web 120 with the inks ejected from the
liquid ejection head units shift in the orthogonal direction,
and the color shift 330 is caused. If the color shift 330
arises, the image quality of the image formed on the web
120 will deteriorate.

<Control Unit>

[0061] A hardware configuration of a controller 520 il-
lustrated in FIG. 2 which is an example of a control unit
according to an embodiment will be described.

[0062] FIG.9is ablock diagramiillustrating a hardware
configuration of the control unit (the controller 520). As
illustrated in FIG. 9, the controller 520 includes a host
device 71 which is an information processing apparatus,
and a printer 72. In this embodiment, the controller 520
is configured to control the printer 72 to perform image
formation to form an image on the print medium based
on image data and control data received from the host
device 71.

[0063] Forexample,the hostdevice 71 isimplemented
by a personal computer (PC). The printer 72 includes a
printer controller 72C and a printer engine 72E.

[0064] The printer controller 72C is configured to con-
trol operation of the printer engine 72E. Initially, the print-
er controller 72C transmits a print request to the host
device 71 and receives control data from the host device
71 via a control line 70LC. Further, the printer controller
72C transmits and receives the control data to and from
the printer engine 72E via control lines 72LC. Various
printing conditions indicated by the control data are input
to the printer controller 72C through the communication
of the control data with the printer engine 72E, and the
printing conditions are stored in registers of the printer
controller 72C. Subsequently, the printer controller 72C
controls the printer engine 72E based on the control data,
and performs image formation according to the control
data (i.e., print job data).

[0065] The printer controller 72C includes a CPU
72Cp, a print control device 72Cc, and a memory device
72Cm. Note that the CPU 72Cp and the print control de-
vice 72Cc are interconnected by a bus 72Cb to commu-
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nicate with each other. The bus 72Cb is connected to the
control line 70LC via a communication interface (IF).
[0066] The CPU72Cpis configured to controlthe over-
all operation of the printer 72 by executing a control pro-
gram stored in the memory device 72Cm. Namely, the
CPU 72Cp is provided to implement the computation de-
vice and the control device (FIG. 4).

[0067] The print control device 72Cc is configured to
transmit and receive commands and status data to and
from the printer engine 72E based on the control data
received from the host device 71. Thereby, the print con-
trol device 72Cc controls the printer engine 72E. The
memory unit 110F3 of FIG. 6 may be implemented by
the memory device 72Cm. The velocity computation unit
110F4 of FIG. 6 may be implemented by the CPU 72Cp.
Note that the functions of the memory unit 110F3 and
the velocity computation unit 110F4 may be implemented
by another computation unit and another memory unit.
[0068] The host device 71 and the printer engine 72E
are interconnected by four data lines 70LD-C, 70LD-M,
70LD-Y, and 70LD-K (or a plurality of data lines). The
printer engine 72E receives image data from the host
device 71 via these data lines. Subsequently, the printer
engine 72E performs image formation of each color on
the print medium under the control of the printer controller
72C.

[0069] The printer engine 72E includes four data man-
agement devices 72EC, 72EM, 72EY, and 72EK (or a
plurality of data management devices), an image output
device 72Ei, and a transport control device 72Ec, which
will be described below.

[0070] FIG. 10 is a block diagram illustrating a hard-
ware configuration of the data management device in-
cluded in the control unit according to the embodiment.
For example, each of the plurality of data management
devices has the same configuration. Since these data
management units in this example have the same con-
figuration, a description will be given of the configuration
of the data management device 72EC as a typical one,
and a description of other data management units is omit-
ted.

[0071] Asillustrated in FIG. 10, the data management
device 72EC includes alogic circuit 72EC1 and amemory
device 72ECm. The logic circuit 72EC1 is connected to
the host device 71 via the data line 70LD-C. Further, the
logiccircuit 72EC1 is connected to the print control device
72Cc via the control line 72LC. Note that the logic circuit
72EC1 may be implemented by an ASIC (application
specific integrated circuit) or a PLD (programmable logic
device).

[0072] The logic circuit 72EC1 is configured to store
the image data received from the host device 71 into the
memory device 72ECm based on the control signal re-
ceived from the printer controller 72C (FIG. 9).

[0073] The logic circuit 72EC1 is configured to read
the cyan image data Ic from the memory device 72ECm
based on the control signal received from the printer con-
troller 72C. Subsequently, the logic circuit 72EC1 is con-
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figured to send the read cyan image data Ic to the image
output device 72Ei.

[0074] Itis preferable that the memory device 72ECm
has a storage capacity to store image data amounting to
3 pages. With the storage capacity of 3-page image data,
the memory device 72ECm can store simultaneously im-
age data received from the host device 71, image data
for forming an image in the current cycle, and image data
for forming an image in the following cycle.

[0075] FIG. 11 is a block diagram illustrating a hard-
ware configuration of the image output device included
in the control unit according to the embodiment. As illus-
trated in FIG. 11, the image output device 72Ei includes
an output control device 72Eic, and includes the cyan
liquid ejection head unit 210C, the magenta liquid ejec-
tion head unit 210M, the yellow liquid ejection head unit
210Y, and the black liquid ejection head unit 210K, which
are the plurality of liquid ejection head units of the color
inks connected to the output control device 72Eic.
[0076] The output control device 72Eic is configured
to output the image data of each of the color inks to the
corresponding one of the liquid ejection head units of the
color inks. Namely, the output control device 72Eic is
configured to control the corresponding one of the liquid
ejection head units of the color inks based on the received
image data.

[0077] The output control device 72Eic is configured
to control simultaneously or individually the plurality of
liquid ejection head units. Namely, the output control de-
vice 72Eic receives an input timing signal and performs
control for changing the timings to cause the liquid ejec-
tion head units to eject the respective inks in response
to receiving the input timing signal. Note that the output
control device 72Eic may be configured to control any
one of the liquid ejection head units in response to re-
ceiving a control signal from the printer controller 72C
(FIG. 9). Alternatively, the output control device 72Eic
may be configured to control any one of the liquid ejection
head units in response to receiving instructions from the
user.

[0078] Note that, in the example of the printer 72 illus-
trated in FIG. 9, the path for inputting image data from
the host device 71 and the path for communication be-
tween the host device 71 and the printer 72 based on the
control data are separate from each other.

[0079] Alternatively, the printer 72 may be configured
to perform monochrome image formation with black ink
only. For example, in order to increase the image forma-
tion speed in the case of the monochrome image forma-
tion, the printer 72 may be modified to include one data
management unit and four black liquid ejection head
units. In such a case, each of the black liquid ejection
head units is configured to eject the black ink to the print
medium. Hence, the image formation speed of the con-
figuration of the four black liquid ejection head units may
be increased from that of the configuration including only
one black liquid ejection head unit.

[0080] The transport control device 72Ec (FIG. 9) is
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implemented by a combination of an actuator, a mecha-
nism, and a driver device which are configured to trans-
port the web 120 in the transport direction. For instance,
the transport control device 72Ec is configured to control
the motors engaged with the rollers to transport the web
120 in the transport direction.

<Overall Processing>

[0081] FIG. 12 is a flowchart for explaining overall
processing by the liquid ejection device according to the
embodiment. For example, suppose that image data in-
dicating an image to be formed on the web 120 (FIG. 1)
is initially input to the image forming apparatus 110. Sub-
sequently, the image forming apparatus 110 performs
the overall processing illustrated in FIG. 12 based on the
image data, so that an image indicated by the image data
is formed on the web 120.

[0082] Note that the processing of FIG. 12 is provided
for one liquid ejection head unit. Namely, FIG. 12 illus-
trates the processing related to the black liquid ejection
head unit 210K (FIG. 2). The processing related to other
liquid ejection head units may be performed separately
in parallel with, prior to or subsequent to the processing
of FIG. 12.

[0083] Asillustrated in FIG. 12, in step S01, the image
forming apparatus 110 detects a lateral position of the
print medium in the orthogonal direction. Namely, in step
S01, the image forming apparatus 110 detects the lateral
position of the web 120 in the orthogonal direction by
using the sensor SENK.

[0084] In step S02, the image forming apparatus 110
moves the liquid ejection head unit210Kin the orthogonal
direction (perpendicular to the transport direction of the
web 120) based on the detection result obtained at step
S01. In this step S02, the liquid ejection head unit 210K
is moved to compensate for the change of the position
of the web 120 indicated by the detection result obtained
at step SO1. For instance, in step S02, the image forming
apparatus 110 moves the liquid ejection head unit 210K
in the orthogonal direction and compensates for the
change of the orthogonal-direction position of the web
120 detected at step SO1.

[0085] FIG. 13 is a block diagram illustrating a hard-
ware configuration for moving the liquid ejection head
unitincluded in the liquid ejection device according to the
embodiment. For example, the image forming apparatus
110 includes the sensor (SENK, SENC, SENM, SENY),
a time shifting device 81, a computation device 82, an
LPF (low pass filter) 83, and an actuator controller 84.
[0086] The time shiftingdevice 81 is configured to store
the detection result from the sensor and store data indi-
cating a one-cycle preceding position of the print medi-
um. Namely, the time shifting device 81 is implemented
by a memory device.

[0087] The computation device 82is configured to sub-
tract, from the current position of the print medium de-
tected by the sensor, the one-cycle preceding position
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of the print medium stored in the time shifting device 81
to compute the change of the position of the print medium.
Namely, the computation device 82 computes an amount
of snaking movement. The computation device 82 is im-
plemented by a processor (CPU) or an electronic circuit.
[0088] The LPF 83 is configured to perform a filtering
process on the amount of snaking movement computed
by the computation device 82. Hence, the LPF 83 reduc-
es steep changes of the amount of snaking movement.
A range of the frequency of snaking movement may be
determined to some extent depending on the moving ve-
locity of the print medium. Hence, the LPF 83 is config-
ured to attenuate high frequency values (i.e., steep
changes) based on a predetermined frequency of snak-
ing movement. In many cases, the steep changes arise
due to noise or erroneous detection. If the steep changes
of the amount of snaking movement are reduced by the
LPF 83, the image forming apparatus 110 is able to re-
duce malfunction of the actuator.

[0089] The actuator controller 84 is configured to con-
trol the actuator for moving the liquid ejection head unit.
A configuration of the actuator (movement mechanism)
controlled by the actuator controller 84 will be described
below.

[0090] FIG. 14 is a diagram illustrating a movement
mechanism for moving the liquid ejection head unit in-
cluded in the liquid ejection device according to the em-
bodiment. For instance, the actuator controller 84 of FIG.
13 corresponds to the actuator controller CTL of FIG. 14,
and the actuator controller CTL is configured to control
the actuator ACT (movement mechanism) for moving the
cyan liquid ejection head unit 210C as illustrated in FIG.
14.

[0091] In the example illustrated in FIG. 14, the actu-
ator ACT may be implemented by a linear actuator or a
motor, and this actuator ACT is disposed on and config-
ured to move the cyan liquid ejection head unit 210C in
the orthogonal direction 20. The actuator controller CTL
is connected to the actuator ACT and configured to con-
trol operation of the actuator ACT

[0092] The actuator ACT may include a control circuit,
a power supply circuit, and mechanical parts.

[0093] The actuator controller CTL may be implement-
ed by a driver circuit. The actuator controller CTL is con-
figured to control the position of the cyan liquid ejection
head unit 210C.

[0094] The detection result obtained at the step S01
of FIG. 12 is input to the actuator controller CTL. In the
step S02 of FIG. 12, the actuator controller CTL controls
the actuator ACT to move the liquid ejection head unit
210C in the orthogonal direction 20 and compensates
for the change of the orthogonal-direction position of the
web 120 detected at step SO1.

[0095] Inthe example illustrated in FIG. 14, the detec-
tion result corresponds to the difference At described
above. Hence, in this example, the actuator controller
CTL controls the actuator ACT to move the liquid ejection
head unit 210C in the orthogonal direction 20 and com-
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pensates for the difference At.

[0096] Note that the hardware of the controller 520 il-
lustrated in FIG. 2 and the hardware of the mechanism
formoving the liquid ejection head unitillustrated in FIGS.
13 and 14 may be constructed as a single piece or as
separate pieces.

[0097] FIG. 15is atiming chart for explaining a method
of computing a change of the position of the print medium
by the liquid ejection device according to the embodi-
ment. As illustrated in FIG. 15, the image forming appa-
ratus 110 is configured to compute a change of the po-
sition of the print medium by subtracting the one-cycle
preceding position of the print medium from the current
position of the print medium.

[0098] Inthefollowing, an example in which the current
detection cycle is the "0"-th cycle is explained. In this
example, the image forming apparatus 110 is configured
to compute a change "X(0) - X(-1)" of the position of the
print medium by subtracting the one-cycle preceding po-
sition "X(-1)" of the printmedium from the current position
"X(0)" of the print medium.

[0099] Note that, in this example, the one-cycle pre-
ceding position of the print medium was detected by the
sensor at the "-1"-th cycle and the detected data was
stored in the time shifting device 81 (FIG. 16). Then, the
image forming apparatus 110 computes the change of
the position of the print medium by subtracting "X(-1)"
stored in the time shifting device 81 from "X(0)" detected
by the sensor at the "0"-th cycle.

[0100] In this way, after the liquid ejection head unit is
moved and the liquid is ejected to the print medium, an
image is formed on the print medium.

<Processing Result>

[0101] FIG. 16 is a diagram illustrating a test pattern
which is used by the liquid ejection device according to
the embodiment. Initially, the image forming apparatus
110 performs test printing with the black ink which is the
first color ink, so that a straight line along the transport
direction 10 is formed. A distance Lk from the web edge
in the orthogonal direction is obtained based on the result
of the test printing. In this way, after the distance Lk from
the web edge in the orthogonal direction is adjusted man-
ually or by using the device, a position (reference posi-
tion) where the black ink as the first color ink is ejected
is determined. Note that the method of determining a
position where the black ink is ejected is not limited to
this exemplary method.

[0102] FIGS. 17A and 17B are diagrams illustrating a
processing result of the overall processing by the liquid
ejection device according to the embodiment. As illus-
trated in an upper portion of FIG. 17A, suppose that the
liquid ejection device performs image formation in order
of black, cyan, magenta, and yellow. A lower portion of
FIG. 17Ais a plan view of the liquid ejection device when
viewed from the top surface of the liquid ejection device.
[0103] In the following, an example of the roller 230
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having an eccentricity EC as illustrated in FIG. 17B is
explained. When the roller 230 has the eccentricity EC,
oscillations OS occur on the roller 230 during the trans-
port of the web 120. The occurrence of the oscillations
OS causes a change of a lateral position POS of the web
120. Namely, the "snaking movement" arises due to the
oscillations OS.

[0104] For instance, in order to configured the image
forming apparatus 110 to reduce the color shift with re-
spect to black, the one-cycle preceding position of the
print medium is subtracted from the current position of
the print medium detected by the sensor as illustrated in
the lower portion of FIG. 17A, so that a change of the
position of the print medium is computed. Specifically, a
difference between the position of the web 120 detected
by the black sensor SENK and the position of the web
120 immediately under the black liquid ejection head unit
210K is set to "Pk". Similarly, a difference between the
position of the web 120 detected by the cyan sensor
SENC and the position of the web 120 immediately under
the cyan liquid ejection head unit 210C is set to "Pc".
Similarly, a difference between the position of the web
120 detected by the magenta sensor SENM and the po-
sition of the web 120 immediately under the magenta
liquid ejection head unit 210M is set to "Pm". Further, a
difference between the position of the web 120 detected
by the yellow sensor SENY and the position of the web
120 immediately under the yellow liquid ejection head
unit 210Y is set to "Py".

[0105] Then, a distance between the position where
the liquid from each liquid ejection head unit reaches the
web 120 and the edge of the web 120 is set to "Lk3",
"Lc3", "Lm3", and "Ly3" for the respective colors. In this
case, the position of the web 120 is detected by each
sensor, and the equations "Pk=0", "Pc=0", "Pm=0", and
"Py=0" are held. Hence, the following formulas (1) can
be obtained:

Le3 = Lk3 — Pc = 1k3,
Lm3 = Lk3,

Ly3 = Lk3 — Py = Lk3 (1)
From the formulas (1) above, the equations "Lk3 = Lm3
- Lc3 = Ly3" are obtained. Thus, the image forming ap-
paratus 110 is able to provide an increased level of ac-
curacy of the impact position of the ejected liquid by mov-
ing each liquid ejection head unit in the orthogonal direc-
tion to compensate for the change of the position of the
web 120. Further, the liquid of each color reaches the
web with agood level of accuracy when performingimage
formation, and the color shift can be reduced and in-
creased image quality of the image formed can be pro-
vided.

[0106] The position where each sensor is disposed is
a position which indicated by an integral multiple of a
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peripheral length d of the conveying roller away from the
impact position. In the following, an example of the black
sensor SENK for explaining the position where the sen-
sor is disposed is explained. For example, if the integral
multiple of the peripheral length d is "d x 0", the black
sensor SENK is disposed in a close vicinity of the impact
position. If the integral multiple of the peripheral length d
is "d x 1", the black sensor SENK is disposed at a dis-
tance ("first distance d1") from the impact position, which
distance is equal to the peripheral length d of the con-
veyingroller. In the case of "d x 1", the black sensor SENK
is disposed at a position of the first distance d1 from the
impact position as illustrated in FIG. 17A.

[0107] Similarly, if the integral multiple of the peripheral
length d is "d x 2", the black sensor SENK is disposed at
a distance ("second distance d2") from the impact posi-
tion, which distance is obtained by doubling the periph-
eral length d of the conveying roller. In the case of "d x
2", the black sensor SENK is disposed at a position of
the second distance d2 from the impact position as illus-
trated in FIG. 17A. Note that the integral multiple may be
3 or greater.

[0108] Note that a sensor installation error, an impact
position error, or a combination of these errors may be
added to the distance, such as the first distance d1 and
the second distance d2. The sensors of other colors may
be disposed similarly.

[0109] Itis preferable that the position where each sen-
sor is disposed is an intermediate position between the
first and second rollers, the intermediate position being
nearer to the first roller than the impact position.

[0110] FIG. 18isadiagramillustrating a position where
a sensor is disposed in the liquid ejection device accord-
ing to the embodiment. In the following, an example of
the black sensor is explained. As illustrated in FIG. 18,
the black sensor SENK is disposed at an intermediate
position between the black first roller CR1K and the black
second roller CR2K, and the intermediate position is
nearer to the black first roller CR1K than the black impact
position PK.

[0111] Note that the distance of the sensor which is
put closer to the black first roller CR1K from the black
impact position PK may be determined based on the time
needed for the control action. For instance, in this exam-
ple, the distance of the sensor put closer to the black first
roller CR1K is set to 20 mm. In this case, the position
where the black sensor SENK is disposed is at a distance
of 20 mm upstream of the black impact position PK.
[0112] If the position where the sensor is disposed is
near the impact position, the detection error E1 becomes
small. If the detection error E1 is small, the image forming
apparatus 110 is able to eject the liquid of each color to
the web with a good level of accuracy. Hence, when per-
forming image formation, the image forming apparatus
110 is able to eject the liquid of each color to the web
with a good level of accuracy, the color shift can be re-
duced and increased image quality of the formed image
can be provided.
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[0113] Further, in such a configuration, no restriction
that the distance between the liquid ejection head units
must be setto the integral multiple of the peripherallength
d of the roller (FIG. 17A) is needed, and the position
where each liquid ejection head unit is disposed may be
freely determined. Namely, the image forming apparatus
110 is able to eject the liquid of each color to the web
with a good level of accuracy even when the distance
between the liquid ejection head units is not consistent
with the integral multiple of the peripheral length d of the
roller.

<Comparative Examples>

[0114] FIG. 19is adiagramillustrating a hardware con-
figuration of a first comparative example. As illustrated
in FIG. 19, in the first comparative example, the position
of the web 120 is detected, before each liquid ejection
head unit reaches the position where the liquid is ejected.
For instance, in this comparative example, the position
where the sensor is disposed is 200 mm upstream from
the position immediately under the liquid ejection head
unit. In this case, the image forming apparatus of the first
comparative example moves the liquid ejection head unit
based on the detection result to compensate for the
change of the position of the print medium.

[0115] FIG. 20 is a diagram illustrating a processing
result of overall processing performed by the liquid ejec-
tion device according to the first comparative example.
In this comparative example, the liquid ejection head
units are disposed so that the distance between the liquid
ejection head units is consistent with the integral multiple
of the peripheral length d of the roller. A difference be-
tween the position of the web detected by each sensor
and the position of the web immediately under the liquid
ejection head unitis set to 0. In this comparative example,
a distance between the impact position of the liquid of
each color and the edge of the web is set to "Lk1", "Lk1",
"Lm1", and "Ly1" for the respective colors, and the equa-
tions "Lk1 = Lc1 = Lm1 =Ly1" are held. In this way, the
position shift is compensated for.

[0116] FIG. 21 is a diagram illustrating a processing
result of overall processing performed by a liquid ejection
device according to a second comparative example. Note
that the second comparative example has a hardware
configuration which is the same as that of the first com-
parative example. The second comparative example dif-
fers from the first comparative example in that each of
the distance between the liquid ejection head units of
black and cyan and the distance between the liquid ejec-
tion head units of magenta and yellow is set to 1.75d.
Namely, in the second comparative example, the dis-
tance between the liquid ejection head units of black and
cyan and the distance between the liquid ejection head
units of magenta and yellow are not consistent with the
integral multiple of the peripheral length d of the roller.
[0117] Similarto FIG. 17A, in this second comparative
example, a difference between the position of the web
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detected by the black sensor SENK and the position of
the web immediately under the black liquid ejection head
unit 210K is set to "Pk". Similarly, a difference between
the position of the web detected by the cyan sensor SENK
and the position of the web immediately under the cyan
liquid ejection head unit 210C is set to "Pc". Similarly, a
difference between the position of the web detected by
the magenta sensor SENK and the position of the web
120 immediately under the magenta liquid ejection head
unit 210M is set to "Pm". Further, a difference between
the position of the web detected by the yellow sensor
SENY and the position of the web 120 immediately under
the yellow liquid ejection head unit 210Y is set to "Py".
Moreover, in the second comparative example, if a dis-
tance between the impact position of the liquid of the ink
of each color and the edge of the web is set to "Lk2",
"Lc2", "Lm2", and "Ly2", the following formulas (2) can
be obtained:

Lec2 = Lk2 - Pe,
Lm2 = Lk2,
Ly2=Lk2 - Py (2)

For the formulas (2) above, the equations "Lk2 = Lm2x
Lc2 = Ly2" are obtained. In this comparative example, if
the distance between the liquid ejection head units is not
consistent with the integral multiple of the peripheral
length d of the roller, the position of the web immediately
under the cyan liquid ejection head unit 210C shifts by
"Pc" and the position of the web immediately under the
magenta liquid ejection head unit 210M shifts by "Py",
which are different from the first comparative example
described above. Hence, the change of the position of
the web is not compensated for and the color shift is likely
to arise.

<Example of Correlation Computation>

[0118] FIG. 23 is a block diagram illustrating a corre-
lation computation method according to an embodiment.
For instance, a detection unit having the configuration
illustrated is configured to perform correlation computa-
tion so that a relative position of the web to the position
of the sensor, amovement, amoving velocity, and a com-
bination of these items are computed.

[0119] Specifically, the detection unitillustrated in FIG.
23 includes a first two-dimensional (2D) Fourier trans-
form unit FT1, a second two-dimensional (2D) Fourier
transform unit FT2, a correlation image data generation
unit DMK, a peak position search unit SR, a computation
unit CAL, and a transform result storage unit MEM.
[0120] The first 2D Fourier transform unit FT1 is con-
figured to transform firstimage data D1. Specifically, the
first 2D Fourier transform unit FT1 has a configuration
including a Fourier transform unit FT1a for the orthogonal
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direction and a Fourier transform unit FT1b for the trans-
port direction.

[0121] The Fourier transform unit FT1a for the orthog-
onaldirection is configured to perform a one-dimensional
Fourier transform of the firstimage data D1 in the orthog-
onal direction. The Fourier transform unit FT1b for the
transport directions is configured to perform a one-di-
mensional Fourier transform of the first image data D1
in the transport direction based on the transform result
obtained by the Fourier transform unit FT1a for the or-
thogonal direction. In this way, the Fourier transform unit
FT1a for the orthogonal direction and the Fourier trans-
form unit FT1b for the transport direction perform the one-
dimensional Fourier transforms in the orthogonal direc-
tion and in the transport direction, respectively. In this
way, the first 2D Fourier transform unit FT1 outputs the
obtained transform results to the correlation image data
generation unit DMK.

[0122] Similarly, the second 2D Fourier transform unit
FT2 is configured to transform second image data D2.
Specifically, the second 2D Fourier transform unit FT2
has a configuration including a Fourier transform unit
FT2a for the orthogonal direction, a Fourier transform
unit FT2b for the transport direction, and a complex con-
jugate unit FT2c.

[0123] The Fourier transform unit FT2a for the orthog-
onaldirection is configured to perform a one-dimensional
Fourier transform of the second image data D2 in the
orthogonal direction. The Fourier transform unit FT2b for
the transport direction is configured to perform a one-
dimensional Fourier transform of the second image data
D2 inthetransportdirection based onthe transformresult
obtained by the Fourier transform unit FT2a for the or-
thogonal direction. In this way, the Fourier transform unit
FT2a for the orthogonal direction and the Fourier trans-
form unit FT2b for the transport direction perform the one-
dimensional Fourier transforms in the orthogonal direc-
tion and the transport direction, respectively.

[0124] The complex conjugate unit FT2c is configured
to compute a complex conjugate of the transform results
by the Fourier transform unit FT2a for the orthogonal di-
rection and the Fourier transform unit FT2b for the trans-
port direction. The second 2D Fourier transform unit FT2
is configured to output the complex conjugate computed
by the complex conjugate unit FT2c to the correlation
image data generation unit DMK.

[0125] The correlation image data generation unit
DMK is configured to generate correlation image data
based on the transform results of the firstimage data D1
output from the first 2D Fourier transform unit FT1 and
the transform results of the second image data D2 output
from the second 2D Fourier transform unit FT2.

[0126] The correlation image data generation unit
DMK has a configuration including an integral unit DMKa
and a 2D inverse Fourier transform unit DMKb.

[0127] Theintegral unitDMKais configured to compute
an integral of the transform results of the firstimage data
D1 and the transform results of the second image data
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D2. The integral unit DMKa is configured to output the
computed integral to the 2D inverse Fourier transform
unit DMKb.

[0128] The 2D inverse Fourier transform unit DMKb is
configured to perform a 2D inverse Fourier transform of
the integral from the integral unit DMKa. After the 2D
inverse Fourier transform is performed in this way, cor-
relation image data is generated. The 2D inverse Fourier
transform unit DMKb is configured to output the correla-
tion image data to the peak position search unit SR.
[0129] The peak position search unit SR is configured
to determine a peak position where the luminance be-
comes the peak (peak value) in the correlation image
data. The correlation image data input to the peak posi-
tion search unit SR includes optical intensity values (i.e.,
values indicating the magnitudes of luminance). The val-
ues indicating the magnitudes of luminance are input in
a matrix form.

[0130] Note that, in the correlation image data, lumi-
nance values are arrayed atintervals of a pixel pitch (pixel
size) of the area sensor. Hence, itis preferable to perform
the peak position search after sub-pixel processing is
performed.

[0131] After the sub-pixel processing is performed, the
peak position can be determined with a good level of
accuracy. Hence, the detection unit is able to output the
relative position, the movement, and the moving velocity
with a good level of accuracy.

[0132] For instance, the peak position search unit SR
is configured to determine the peak position as follows.
[0133] FIG. 24 is a diagram for explaining a method of
determining a peak position in the correlation computa-
tion according to the embodiment. In FIG. 24, the hori-
zontal axis indicates a position in the transport direction
of the image indicated by the correlation image data, and
the vertical axis indicates a luminance of the image indi-
cated by the correlation image data.

[0134] In the following, an example of three data val-
ues, including a first data value q1, a second data value
g2, and a third data value q3, among the luminance val-
ues indicated by the correlation image data is explained.
In this example, the peak position search unit SR (FIG.
23) determines a peak position P in a curve k connecting
the first data value g1, the second data value g2, and the
third data value 3.

[0135] Initially, the peak position search unit SR com-
putes a difference between two of the luminance values
of the image indicated by the correlation image data. The
peak position search unit SR extracts a combination of
the data values with which the difference is the greatest
among the obtained differences. Subsequently, the peak
position search unit SR extracts a combination of the
data values with which the difference is the second great-
estamong the obtained differences. In this way, the peak
position search unit SR is able to extract three data values
such as the first data value q1 and the second data value
g2, and the third data value q3 as illustrated in FIG. 24.
After the curve k is computed by connecting the extracted
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data values, the peak position search unit SR is able to
determine the peak position P in the curve k. In this way,
the peak position search unit SR is able to reduce the
computation load of the sub pixel processing and deter-
mine the peak position P quickly. Note that the position
of the combination of data values where the difference
is the greatest corresponds to the steepest portion. More-
over, another sub pixel processing different from the
above-described processing may be performed.

[0136] For instance, after the peak position is deter-
mined by the peak position search unit SR in the above
manner, the following computation results may be ob-
tained.

[0137] FIG. 25 is a diagram illustrating an example of
computation results of the correlation computation ac-
cording to the embodiment. A correlation intensity distri-
bution of a correlation function is illustrated in FIG. 25.
In FIG. 25, the X-axis and the Y-axis indicate the pixel
serial numbers. A peak position such as a "correlation
peak" as indicated in FIG. 25 is determined by the peak
position search unit SR (FIG. 23).

[0138] Referring back to FIG. 23, the computation unit
CAL is configured to compute arelative position, a move-
ment, and a moving velocity of the web. For instance,
the computation unit CAL is configured to compute a rel-
ative position and a movement of the web by computing
a difference between the median position of the correla-
tion image data and the peak position obtained by the
peak position search unit SR.

[0139] For instance, the computation unit CAL is con-
figured to compute a moving velocity of the web by di-
viding a movement of the web by a time needed for the
movement.

[0140] As described above, the detection unit is able
to determine the relative position, the movement, and the
moving velocity by performing the correlation computa-
tion. Note that the method of determining the relative po-
sition, the movement, and the moving velocity is not lim-
ited to the above example. For instance, the detection
unit may be configured to determine the relative position,
the movement, and the moving velocity as follows.
[0141] The above-described detection unit generates
binary values of luminance values of each of afirstimage
data and a second image data. Namely, when a lumi-
nance value is less than a predetermined threshold, the
detection unit converts the luminance value into "0", and
when a luminance value is greater than the threshold,
the detection unit converts the luminance value into "1".
In this way, the binary values of the first image data and
the second image data are compared with each other,
and the detection unit is able to determine the relative
position.

[0142] Moreover, the detection unit may be configured
to determine the relative position, the movement, and the
moving velocity by using another detection method other
than described above. For instance, the detection unit
may be configured to determine the relative position
based on patterns derived from the respective image da-
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ta by performing a pattern matching process.
<Functional Configuration>

[0143] FIG. 26 is a block diagram illustrating a func-
tional configuration of the liquid ejection device according
to the embodiment. As illustrated in FIG. 26, the image
forming apparatus 110 includes a detection unit 11F10
for each of the plurality of liquid ejection head units. The
image forming apparatus 110 further includes a move-
ment unit 110F20.

[0144] As illustrated in FIG. 26, the detection units
110F10 are provided for the liquid ejection head units,
respectively. Specifically, in the example of FIG. 26, the
four detection units 110F 10 are provided. Each detection
unit 110F10 is configured to detect a lateral position of
the print medium of the web 120 in the orthogonal direc-
tion. Note that each detection unit 110F10 is implement-
ed by the configuration illustrated in FIG. 4.

[0145] The movement unit 110F20 is configured to
move the liquid ejection head unit based on the detection
result by the detection units 110F 10. Note that the move-
ment unit 110F20 is implemented by the configuration
illustrated in FIG. 14.

[0146] The image forming apparatus 110 further in-
cludes the conveying roller. For instance, the conveying
roller is the conveying roller 230 illustrated in FIG. 26.
The conveying roller 230 is configured to transport the
print medium of the web 120 in the transport direction as
illustrated in FIG. 26.

[0147] For instance, the black detection unit 110F10
is disposed at a distance of an integral multiple (d x N,
where N =0, 1, 2, 3 ...) of the peripheral length d of the
conveying roller 230 from the black impact position PK.
Namely, the detection by the black detection unit 110F10
is performed at a distance of the integral multiple "d x N"
of the peripheral length d of the conveying roller 230 from
the black impact position PK. Note that if the detection
unit 110F10 is distant from the impact position by "d x
N", the detection unit 110F10 may be disposed down-
stream of the impact position.

[0148] For instance, when the distance between the
liquid ejection head units (print heads) is not consistent
with the integral multiple of the peripheral length d of the
conveying roller, the color shift may arise. However,
when the distance between the liquid ejection head units
(print heads) is not consistent with the integral multiple
of the peripheral length d of the conveying roller, flexibility
of the design of the print head installation is increased.
In the present embodiment, each sensor is disposed at
adistance of the integral multiple of the peripheral length
d from the impact position, the change of the position of
the print medium can be compensated for, and an in-
creased level of accuracy of the impact position of the
ejected liquid can be provided. Hence, the image forming
apparatus 110 is able to correct the color shift.

[0149] In the present embodiment, the movement unit
110F20 is configured to move the liquid ejection head
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units based on the detection results obtained by the de-
tection units 110F10, and the image forming apparatus
110 is able to provide an increased level of accuracy of
the impact position of the ejected liquid in the orthogonal
direction.

[0150] Further, it is preferable that the position where
the detection is performed by the detection unit 110F10
(i.e., the position where the sensor is disposed) is the
intermediate position between the rollers upstream of the
impact position, such as in the black upstream section
INTK2. Namely, if the detection is performed in the black
upstream section INTK2, the image forming apparatus
110 is able to detect the position of the print medium in
the orthogonal direction with a good level of accuracy.
[0151] Further, it is preferable that the image forming
apparatus 110 includes the measurement unit 110F30
illustrated in FIG. 26.

[0152] If the measurement unit 110F30 is used, the
image forming apparatus 110 is able to detect a position
of the print medium more reliably. For instance, suppose
that a measurement device, such as an encoder, is dis-
posed on the rotary shaft of the roller 230. The measure-
ment unit 110F30 is configured to measure an amount
of movement of the print medium by using the encoder.
After the measurementresult measured by the measure-
ment unit 110F 30 is further input, the image forming ap-
paratus 110is able to detect a position of the printmedium
in the transport direction more reliably.

<Conclusion>

[0153] In one embodiment, the liquid ejection device
is configured to detect a lateral position of the print me-
dium in the orthogonal direction for each of the plurality
of liquid ejection head units in a vicinity of the correspond-
ing liquid ejection head unit. Subsequently, the liquid
ejection device is configured to move the liquid ejection
head unit based on the detection result. Hence, the liquid
ejection device of this embodiment is able to compensate
for the change of the impact position of the liquid in the
orthogonal direction with a better level of accuracy than
that in the cases of with the first comparative example
and the second comparative example illustrated in FIG.
20 and FIG. 21, respectively.

[0154] In one embodiment, the detection unit included
in the liquid ejection device is disposed at a distance of
an integral multiple of the peripheral length d of the con-
veying roller away from the impact position. Hence, the
liquid ejection device of this embodiment is able to com-
pensate for the change of the impact position of the liquid
in the orthogonal direction.

[0155] In one embodiment, the liquid ejection device
is not required to dispose each liquid ejection head unit
at the distance of the integral multiple of the peripheral
length of the conveying roller as in the first comparative
example, and it is possible to reduce the restriction of the
installation of each liquid ejection head unit. Moreover,
even if the ejected liquid is the first one of the color inks,
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it is possible for the liquid ejection device of this embod-
iment to provide an increased level of accuracy of the
impact position of the ejected liquid in the orthogonal di-
rection.

[0156] In one embodiment, the liquid ejection device
provides an increased level of accuracy of the impact
position of the ejected liquid of each color and eliminates
the color shift, and it is possible to increase the quality
of the image when the image is formed on the print me-
dium by the ejected liquid.

<Modifications>

[0157] In one embodiment, the detection device 50 il-
lustrated in FIG. 4 may be implemented by the following
hardware.

[0158] FIG. 27 is a diagram illustrating a first modifica-
tion of the hardware configuration to implement the de-
tection unitaccording to the embodiment. In the following,
a description of the elements which are designated by
the same reference numerals and the same as corre-
sponding elements in the above-described embodiment
will be omitted.

[0159] The detection device 50 of the first modification
differs from that in the previously described hardware
configuration in that the detection device 50 of the first
modification includes a plurality of optical systems. The
hardware configuration of the first modification corre-
sponds to a compound eye system and the previously
described hardware configuration corresponds to a mo-
nocular system.

[0160] As illustrated in FIG. 27, each of the first light
source 51A and the second light source 51B emits a laser
beam to the web 120 as a detection target. Note that the
position to which the laser beam is emitted by the first
light source 51A is referred to as "position A", and the
position to which the laser beam is emitted by the second
light source 51B is referred to as "position B".

[0161] Eachofthefirstlight source 51A and the second
light source 51B includes a light emitting device to emit
a laser beam, and a collimator lens to convert the laser
beam emitted from the light emitting device into a colli-
mated laser beam. Each of the first light source 51A and
the second light source 51B is disposed in the position
where the light source emits a laser beam in a slanting
direction to the surface of the web 120.

[0162] The detection device 50 includes an area sen-
sor 11, a first imaging lens 12A disposed at a position
which counters the "position A", and a second imaging
lens 12B disposed at a position which counters the "po-
sition B".

[0163] The areasensor 11 may be a sensor construct-
ed by forming animage sensor 112 on a silicon substrate
111. The image sensor 112 includes an area-A 11A and
an area-B 11B, and each of the two areas of the image
sensor 112 is configured to capture a 2D image. For in-
stance, the area sensor 11 may be implemented by any
of a CCD sensor, a CMOS sensor, and a photodiode
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array. The area sensor 112 is mounted in a housing 13.
Further, the firstimaging lens 12A and the second imag-
ing lens 12B are retained in a first lens mirror pipe 13A
and a second lens mirror pipe 13B, respectively.

[0164] In this example, as illustrated in FIG. 27, the
optical axis of the firstimaging lens 12A is consistent with
the center of the area-A 11A. Similarly, the optical axis
of the second imaging lens 12B is consistent with the
center of the area-B 11B. The first imaging lens 12A fo-
cuses the incoming light on the area-A 11A and the sec-
ond imaging lens 12B focuses the incoming light on the
area-B 11B so that a 2D image is generated.

[0165] Alternatively, the detection device 50 illustrated
in FIG. 4 may be implemented by another hardware con-
figuration. FIG. 28 is a diagram illustrating a second mod-
ification of the hardware configuration to implement the
detection unit according to the embodiment. In the fol-
lowing, differences between the hardware configuration
of the detection device 50 illustrated in FIG. 28 and the
configuration illustrated in FIG. 27 will be described.
[0166] The detection device 50 illustrated in FIG. 28
differs from the detection device 50 illustrated in FIG. 27
in that the firstimaging lens 12A and the second imaging
lens 12B are united into an imaging lens array 12C. The
area sensor 11 and other elements in the detection de-
vice 50 illustrated in FIG. 28 are essentially the same as
the corresponding elements in the detection device 50
illustrated in FIG. 27.

[0167] Further, in this example, it is desirable to use
an aperture 121 such that an image of the first imaging
lens 12A and an image of the second imaging lens 12B
may not interfere with each other. When the aperture 121
is used, the focusing area of the image of the firstimaging
lens 12A and the focusing area of the image of the second
imaging lens 12B may be restricted. Hence, itis possible
to prevent the interference of the focusing images and
the detection device 50 is able to generate the image for
each of the position A and the position B.

[0168] FIGS. 29A and 29B are diagrams illustrating a
third modification of the hardware configuration to imple-
ment the detection unit according to the embodiment.
The detection device 50 illustrated in FIG. 29A differs
from the detection device 50 illustrated in FIG. 28 in that
the area sensor 11 is replaced by a second area sensor
11°. The first imaging lens 12A and the second imaging
lens 12B in the detection device 50 illustrated in FIG. 29A
are the same as the corresponding elements illustrated
in FIG. 28.

[0169] Forinstance, the second area sensor 11’ has a
configuration as illustrated in FIG. 29B. As illustrated in
FIG. 29B, a plurality of image sensors "b" are fabricated
on a wafer "a". Subsequently, such image sensors are
cut away from the wafer. The first image sensor 112A
and the second image sensor 112B are formed on the
silicon substrate 111 by using the image sensors. On the
other hand, the first imaging lens 12A and the second
imaging lens 12B are disposed at positions consistent
with the positions of the first image sensor 112A and the

10

15

20

25

30

35

40

45

50

55

16

second image sensor 112B.

[0170] Generally,image sensors are manufactured for
imaging purposes. Hence, in many cases, an aspectratio
of an image sensor (i.e., the ratio of the X-axis and the
Y-axis direction size of the image sensor) is set to be
consistent with an imaging format, such as 1:1, 4:3, or
16:9. In this embodiment, an image is captured for each
of two or more points which are spaced at predetermined
intervals. Specifically, in this embodiment, an image is
captured for each of the points spaced at the predeter-
mined intervals in the X-axis direction which is the trans-
port direction 10 (FIG. 2). The image sensor has the as-
pect ratio consistent with the imaging format. Hence,
when capturing an image for each of the points spaced
at the predetermined intervals in the X-axis direction,
there may be a case in which no image sensor is used
for capturing an image for each of points spaced in the
Y-axis direction. Further, when it is desired to increase
the pixel density, animage sensor with an increased pixel
density capability has to be disposed for capturing an
image with respect to either the X-axis direction or the
Y-axis direction, which may raise the cost.

[0171] If the configuration as illustrated in FIG. 29A is
used, the firstimage sensor 112A and the second image
sensor 112B, spaced at a predetermined distance, may
be formed on the silicon substrate 111. The use of the
image sensor disposed for capturing an image with re-
spect to the Y-axis direction may become unnecessary.
Hence, the use of the unnecessary image sensor is
avoided. Furthermore, the first image sensor 112A and
the second image sensor 112B are formed with a good
level of accuracy by the semiconductor fabrication proc-
ess, and it is possible to increase the level of accuracy
of the distance between the firstimage sensor 112A and
the second image sensor 112B.

[0172] FIG. 30 is a diagram illustrating a lens array
including a plurality of imaging lenses for use in the de-
tection unit according to the embodiment. The lens array
illustrated in FIG. 30 may be used to implement the de-
tection unit according to the embodiment.

[0173] The lens array illustrated in FIG. 30 may have
a structure in which the imaging lenses are integrated.
Specifically, the lens array illustrated in FIG. 30 includes
a total of nine imaging lenses A1 to C3 in which the im-
aging lenses are arrayed in three rows in a longitudinal
direction and three columns in a lateral direction. If this
lens array is used, an image may be captured for each
of nine points spaced in the X-axis and Y-axis directions.
In this case, the area sensor including imaging areas of
nine points is used.

[0174] Inthis example, the computations for two imag-
ing areas may easily be performed simultaneously or by
parallel execution. Subsequently, if the computation re-
sults are averaged or the error elimination is performed,
the detection device is able to provide an increased level
of stability of the computations or accuracy of the com-
putation results when compared with the case in which
one computation resultis used. Moreover, there is a case
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in which computation is executed based on the applica-
tion program in which the computation speed is varied.
Even in such a case, the areas to which the correlation
computation is applied may be increased and the velocity
computation results with an increased level of accuracy
may be obtained.

[0175] FIG. 31 is a diagram illustrating a modification
ofthe liquid ejection device according to the embodiment.
In the modification illustrated in FIG. 31, the arrangement
ofthe first support member and the second support mem-
ber differs from that in the previously described embod-
iment of FIG. 2.

As illustrated, the first support member and the second
support member may be implemented by a first member
RL1, a second member RL2, a third member RL3, a
fourth member RL4, and a fifth member RL5. Namely,
the second support member disposed upstream of each
liquid ejection head unit and the first support member
disposed downstream of each liquid ejection head unit
may be implemented by the common members. Note
that the first support member and the second support
member may be implemented by a number of rollers or
a number of curved boards.

[0176] FIG. 32 is a timing chart for explaining a modi-
fication of the method of computing an amount of change
of a print medium in the liquid ejection device according
to the embodiment. The amount of change may be com-
puted by the method as illustrated in FIG. 32. As de-
scribed in the foregoing, the image forming apparatus of
this modification is configured to compute the amount of
change based on plural detection results. Specifically,
the control device CTRL is configured to output a com-
putation resultindicating the amount of change based on
a first detection result S1 and a second detection result
S2. Initially, the first detection result S1 and the second
detection result S2 are detection results indicated by the
sensor data output from any two sensors of the plurality
of sensors.

[0177] The amount of change is computed for each of
the plurality of liquid ejection head units. An exemplary
method of computing the amount of change using the
cyan liquid ejection head unit 210C (FIG. 2) will be de-
scribed. In this example, the amount of change is com-
puted based on both the detection result output from the
cyan sensor SENC (FIG. 2), and the detection result out-
put from the black sensor SENK (FIG. 2) disposed up-
stream of the cyan sensor SENC. On the other hand, in
the example of FIG. 17, the first detection result S1 is the
detection result output from the black sensor SENK, and
the second detection result S2 is the detection result out-
put from the cyan sensor SENC.

[0178] Suppose that L2 denotes a distance between
the black sensor SENK and the cyan sensor SENC (i.e.,
a distance between sensors) and V denotes a moving
velocity detected by the velocity detection circuit SCR.
Further, suppose that T2 denotes a moving time required
for the print medium to be transported from the position
of the black sensor SENK to the position of the cyan
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sensor SENC. In this case, the moving time T2 is com-
puted by the formula "T2 = L2/V".

[0179] Moreover, suppose that"A" denotes a sampling
period of each sensor, and "n" denotes a sampling fre-
quency between the black sensor SENK and the cyan
sensor SENC. In this case, the sampling frequency n is
computed by the formula "n = T2/A".

[0180] Supposethat AXdenotesthe amountofchange
which is the computation result. For example, in the ex-
ample of FIG. 32, when the detection cycle is "0", the
amount of change is computed by comparing the first
detection result S1 obtained the moving time "T2" before
with the second detection result S2 obtained at the de-
tection cycle "0". Specifically, the amount of change is
computed by the formula "AX = X2(0) - X1(n)". When the
position of the sensor is a position nearer to the first roller
than the impact position, the image forming apparatus is
configured to compute an amount of change of the posi-
tion of the print medium when the print medium is moved
to the position of the sensor, and drive the actuator based
on the computation result.

[0181] Subsequently, the image forming apparatus
controls the actuator and moves the cyan liquid ejection
head unit 210C (FIG. 14) in the orthogonal direction to
compensate for the amount of change "AX". In this way,
even when the lateral position of the print medium fluc-
tuates, the image forming apparatus is able to perform
image formation with an increased level of accuracy of
a printed image on the print medium. Moreover, by com-
puting the amount of change based on the two detection
results (i.e., the detection results output from the two sen-
sors) as illustrated, the amount of change can be com-
puted without accumulating the position information of
the sensors. In this way, it is possible to attenuate the
accumulation of detection errors of the sensors.

[0182] Note that the computation of the amount of
change may be performed by using other liquid ejection
head units likewise. For example, the amount of change
for the cyan liquid ejection head unit 210C (FIG. 2) is
computed based on the first detection result S1 output
from the black sensor SENK (FIG. 2) and the second
detection result S2 output from the cyan sensor SENC
(FIG. 2). Similarly, the amount of change for the magenta
liquid ejection head unit210M (FIG. 2) is computed based
on the first detection result S1 output from the cyan sen-
sor SENC and the second detection result S2 output from
the magenta sensor SENM. Further, the amount of
change for the yellow liquid ejection head unit 210Y (FIG.
2) is computed based on the first detection result S1 out-
put from the magenta sensor SENM and the second de-
tection result S2 output from the yellow sensor SENY.
Furthermore, the amount of change for the black liquid
ejection head unit 210K (FIG. 2) may be computed based
on the second detection result S2 output from the black
sensor SENK (FIG. 2).

[0183] The detection result used for the first detection
result S1 is not limited to the detection result output from
the sensor disposed upstream of and adjacent to the lig-
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uid ejection head unit being moved. Namely, the first de-
tection result S1 may be a detection result output from
any sensor disposed upstream of the liquid ejection head
unit being moved. For example, the amount of change
for the yellow liquid ejection head units 210Y may be
computed based on the first detection result S1 which is
a detection result output from any one of the second sen-
sor SEN2, the black sensor SENK, and the cyan sensor
SENC.

[0184] Ontheotherhand,itis desirable thatthe second
detection result S2 is a detection result output from the
sensor disposed ata position nearest to the liquid ejection
head unit being moved.

[0185] Alternatively, the amount of change may be
computed based on three or more detection results.
[0186] In the image forming apparatus of this modifi-
cation, the amount of change is computed based on the
plural detection results, the liquid ejection head unit is
moved based on the computed amount of change, and
when the liquid is ejected to the web, an image is formed
on the print medium.

[0187] Note that the liquid ejection device of the
present disclosure may be implemented by a liquid ejec-
tion system including one or more liquid ejection devices.
For example, the liquid ejection device of the present
disclosure may be implemented by a liquid ejection sys-
tem including a first device having a black liquid ejection
head unit 210K and a cyan liquid ejection head unit 210C
mounted on a housing of the first device, and a second
device having a magenta liquid ejection head unit 210M
and a yellow liquid ejection head unit 210Y mounted on
a housing of the second device.

[0188] Further, in the liquid ejection device and the lig-
uid ejection system of the present disclosure, the liquid
is not limited to ink but may be a recording liquid of any
other kind or a fixing process liquid. Namely, the liquid
ejection device and the liquid ejection system of the
present disclosure may be applied to a liquid ejection
device for arecording liquid of another kind different from
ink.

[0189] Hence, the liquid ejection device and the liquid
ejection system of the present disclosure are not limited
to image forming apparatuses. For example, an object
to be formed by the liquid ejection device and the liquid
ejection system of the present disclosure may be a three-
dimensional fabrication object.

[0190] Further, the medium to be transported therein
is not limited to a print medium or recording medium,
such as paper. The medium to be transported may be
provided of a material with liquid adherence. For exam-
ple, the material with liquid adherence may be any ma-
terial to which liquid adheres temporarily or permanently,
such as paper, thread, fibers, cloth, leather, metal, plas-
tics, glass, wood, ceramics, or a combination thereof.
[0191] Furthermore, in one embodiment, all or a part
of the steps of the liquid ejection method may be imple-
mented by causing a computer incorporated in an image
forming apparatus, an information processing apparatus
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or a combination thereof to execute a program for per-
forming the liquid ejection method.

[0192] As described in the foregoing, according to the
liquid ejection device of the present disclosure, it is pos-
sible to provide an increased level of accuracy of an im-
pact position of ejected liquid in a direction orthogonal to
a direction in which a print medium is transported.
[0193] The foregoing description and the drawings il-
lustrate specific exemplary embodiments of the present
disclosure. It will thus be appreciated that those of ordi-
nary skill in the art will be above to devise various ar-
rangements which, although not explicitly described or
shown herein, embody the principles of the present dis-
closure and are included within the scope of the present
disclosure. Further, any examples described herein are
intended to aid in understanding the principles of the
presentdisclosure, and are to be construed as being with-
out limitation to such specifically recited examples and
conditions. As a result, the present disclosure is not lim-
ited to the specific embodiments or examples described
above, but by the claims and their equivalents.

[0194] The present application is based on and claims
the benefit of priority of Japanese Patent Application No.
2016-048248, filed on March 11, 2016, and Japanese
Patent Application No. 2017-018113, filed on February
3, 2017, the contents of which are incorporated herein
by reference in their entirety.

Claims
1. Aliquid ejection device comprising:

a plurality of liquid ejection head units configured
to eject liquid to a print medium at different po-
sitions on a transport path respectively;

a conveying roller configured to transport the
print medium on the transport path;

a detection unit disposed at a distance of an in-
tegral multiple of a peripheral length of the con-
veying rolleraway froman impact position where
the liquid ejected from each of the plurality of
liquid ejection head units reaches the print me-
dium, the detection unit being configured to out-
put a detection result indicating a lateral position
of the print medium in a direction orthogonal to
a transport direction in which the print medium
is transported; and

a movement unit configured to move the corre-
sponding one of the plurality of liquid ejection
head units based on the detection result from
the detection unit.

2. The liquid ejection device according to claim 1, fur-
ther comprising:

a first support member disposed on each liquid
ejection head unit at a position upstream of the
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impact position to support the print medium; and
asecond support member disposed on each lig-
uid ejection head unit at a position downstream
of the impact position to support the print medi-
um;

wherein the detection unit is disposed at a po-
sition between the first support member and the
second support component.

The liquid ejection device according to claim 2,
wherein the position of the detection unit is between
the impact position and the first support member.

The liquid ejection device according to any one of
claims 1 to 3, wherein the movement unit is config-
ured to move each liquid ejection head unit in the
direction orthogonal to the transport direction in
which the print medium is transported.

The liquid ejection device according to any one of
claims 1 to 4, wherein the detection unit comprises
an optical sensor.

The liquid ejection device according to claim 5,
wherein the detection unit is configured to determine
the detection result based on a pattern on the print
medium.

The liquid ejection device according to claim 6,
wherein the detection unit is configured to detect a
lateral position of the print medium for each of the
plurality of liquid ejection head units based on the
detection result obtained by detecting the pattern on
the print medium at two or more different times.

The liquid ejection device according to claim 6 or 7,
wherein the pattern is generated by interference of
light which is emitted to projections and depressions
formed on the print medium, and

the detection unit is configured to determine the de-
tection result based on a captured image of the pat-
tern.

The liquid ejection device according to any one of
claims 1 to 8, further comprising:

a measurement unit configured to measure an
amount of movement of the print medium in the
transport direction in which the print medium is
transported,

wherein the liquid ejection device is configured
to eject the liquid based on the detection result
from the detection unit and the amount of move-
ment from the measurement unit.

10. The liquid ejection device according to any one of

claims 1 to 9, wherein the print medium is a contin-
uous-form sheet extending longitudinally in the
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1.

12.

13.

14.

36
transport direction.

The liquid ejection device according to any one of
claims 1 to 10, wherein an image is formed on the
print medium when the plurality of liquid ejection
head units eject the liquid to the print medium.

The liquid ejection device according to any one of
claims 1 to 11, wherein a distance between two of
the plurality of liquid ejection head units is not con-
sistent with an integral multiple of the peripheral
length of the conveying roller.

A liquid ejection system comprising:
the liquid ejection device according to claim 1.

A liquid ejection method performed by a liquid ejec-
tion device, comprising:

providing, in the liquid ejection device, a plurality
of liquid ejection head units configured to eject
liquid to a print medium at different positions on
a transport path respectively;

providing, in the liquid ejection device, a con-
veying roller configured to transport the print me-
dium on the transport path;

disposing, in the liquid ejection device, a detec-
tion unit at a distance of an integral multiple of
a peripheral length of the conveying roller away
from an impact position where the liquid ejected
from each of the plurality of liquid ejection head
units reaches the print medium;

outputting, by the detection unit, a detection re-
sult indicating a lateral position of the print me-
dium in a direction orthogonal to a transport di-
rection in which the print medium is transported;
and

moving, by a movement unit, the corresponding
one of the plurality of liquid ejection head units
based on the detection result from the detection
unit.
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