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(54) IMAGE FORMING APPARATUS

(57) Animage forming apparatus includes a convey-
or (201), head units (310a, 310b, 310c, 310d), edge sen-
sors (312a, 312b, 312c, 312d), an actuator (311b, 311c,
311d), amemory (416), and a controller (417). The edge
sensors (312a, 312b, 312c, 312d) are arranged in cor-
respondence with at least two sensor-corresponding
head units of the head units, to detect edge positions of
the recording medium in a direction perpendicular to a
conveyance direction of the recording medium. The ac-

tuator (311b, 311c, 311d) moves at least one actua-
tor-driven head unit of the sensor-corresponding head
units in the direction perpendicular to the conveyance
direction. The memory (416) stores reference values
generated in advance based on data on the edge posi-
tions read by the edge sensors. The controller (417) con-
trols the actuator according to the edge positions read
by the edge sensors and the reference values to correct
a position of the actuator-driven head unit.
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Description
BACKGROUND
Technical Field

[0001] Embodiments of this disclosure relate to an im-
age forming apparatus that has a line head composed
of a plurality of head units.

Related Art

[0002] Conventionally, there is known an image form-
ing apparatus such as a line-type inkjet printer, for ex-
ample, that performs printing on a recording medium by
discharging ink droplets onto the recording medium from
a plurality of head units aligned from upstream to down-
stream sides in the conveyance direction of the recording
medium.

[0003] There is a technique by which to detect data on
edge position of a recording medium by edge sensors in
the vicinities of a plurality of head units, and correct the
positions of the head units according to the edge position
data. Specifically, comparison is made between the data
on the edge position of the recording medium detected
by the edge sensor (upstream edge sensor) arranged in
correspondence with the head unit at upstream side of
the conveyance direction of the recording medium and
the edge sensor (downstream edge sensor) arranged in
correspondence with the head unit at the downstream
side of the conveyance direction of the recording medium
to calculate the relative positional relation between the
edge position of the recording medium at the location of
the upstream head unit and the edge position of the re-
cording medium at the location of the downstream head
unit. Then, according to the relative positional relation,
an actuator for moving the head unit at the downstream
side of the conveyance direction of the recording medium
is controlled to correct the position of the downstream
head unit. Accordingly, even when the position of the
recording medium varies during its conveyance, the head
units can discharge ink droplets to the desired points on
the recording medium, thereby suppressing printing fail-
ures due to deviation in discharging points of ink droplets.
[0004] Due to apparatus assembly errors and individ-
ual differences among the edge sensors, the edge posi-
tions of the recording medium detected by the edge sen-
sors may not match the actual edge positions but include
a certain degree of error relative to the actual edge po-
sitions. According to a technique of JP-2011-136526-A,
however, the position of the downstream head unit is
corrected on the assumption that the edge positions of
the recording medium detected by the upstream edge
sensor and the downstream edge sensor match the ac-
tual edge positions of the recording medium.

[0005] When the relative positional relation between
the edge position of the recording medium at the location
of the upstream head unit and the edge position of the
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recording medium at the location of the downstream head
unit is calculated as described in JP-2011-136526-A, the
resultant relative positional relation is inaccurate by the
error described above. In the technique of JP-
2011-136526-A, the position of the head unit is corrected
according to the inaccurate relative positional relation by
the error, there is the possibility that a printing failure
occurs due to deviations in discharging points of ink drop-
lets even after the correction of the position of the head
unit.

SUMMARY

[0006] In an aspect of the present disclosure, there is
provided animage forming apparatus thatincludes acon-
veyor, a plurality of head units, a plurality of edge sensors,
an actuator, a memory, and a controller. The conveyor
conveys a recording medium. The plurality of head units
are arranged side by side with certain spacing therebe-
tween in a conveyance direction of the recording medi-
um. The plurality of head units include discharge ports
to discharge droplets on the recording medium. The plu-
rality of edge sensors are arranged in correspondence
with at least two sensor-corresponding head units of the
plurality of head units, to detect edge positions of the
recording medium in a direction perpendicular to the con-
veyance direction of the recording medium. The actuator
moves at least one actuator-driven head unit of the at
least two sensor-corresponding head units in the direc-
tion perpendicular to the conveyance direction of the re-
cording medium. The memory stores reference values
generated in advance based on data on the edge posi-
tions of the recording medium read by the plurality of
edge sensors. The controller controls the actuator ac-
cording to the edge positions of the recording medium
read by the plurality of edge sensors and the reference
values to correct a position of the at least one actuator-
driven head unit.

[0007] According to this disclosure, a configuration
having a plurality of head units aligned over a recording
medium from upstream to downstream sides of the con-
veyance direction of the recording medium makes it pos-
sible to suppress occurrence of color deviation in printing
on the recording medium.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0008] The aforementioned and other aspects, fea-
tures, and advantages of the present disclosure would
be better understood by reference to the following de-
tailed description when considered in connection with the
accompanying drawings, wherein:

Fig. 1 is a diagram illustrating an example of entire
configuration of a production printer according to an
embodiment;

Fig. 2 is a schematic side cross-sectional view of an



3 EP 3 034 308 A2 4

example of an image forming unit in the production
printer according to the embodiment;

Fig. 3 is a schematic plan view of an example of the
image forming unit in the production printer accord-
ing to the embodiment;

Fig. 4 is a block diagram illustrating a configuration
of a control system that corrects the positions of ink
head units at the image forming unit according to the
embodiment;

Figs. 5A through 5D are illustrations of an overview
of correction of the positions of the ink head units
according to the embodiment;

Fig. 6 is a block diagram illustrating a configuration
of a control system that performs a reference-value
adjustment operation at the correction of the position
of the ink head units according to the embodiment;
Fig. 7 is an illustration of a method for determining
the stability of conveyance of continuous-form paper
W by a K-Y controller in the control system that per-
forms the reference-value adjustment operation ac-
cording to the embodiment;

Fig. 8 is a flowchart of an example of a reference-
value adjustment control in the control system that
performs the reference-value adjustment operation
according to the embodiment;

Fig. 9 is a flowchart of an example of a process for
determining the stability of conveyance of the con-
tinuous-form paper W by a K-C controller in the con-
trol system that performs the reference-value adjust-
ment operation according to the embodiment; and
Fig. 10 is an illustration of details of determination
on whether the conveyance of the continuous-form
paper W is stabled at step S37 described in Fig. 9
according to the embodiment.

[0009] The accompanying drawings are intended to
depictembodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0010] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this patent specifi-
cation is not intended to be limited to the specific termi-
nology so selected and it is to be understood that each
specific element includes all technical equivalents that
operate in a similar manner and achieve similar results.
[0011] Although the embodiments are described with
technical limitations with reference to the attached draw-
ings, such description is not intended to limit the scope
of the disclosure and all of the components or elements
described in the embodiments of this disclosure are not
necessarily indispensable.

[0012] Referring now to the drawings, embodiments of
the present disclosure are described below. In the draw-
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ings for explaining the following embodiments, the same
reference codes are allocated to elements (members or
components) having the same function or shape and re-
dundant descriptions thereof are omitted below.

[0013] Fig. 1 is a diagram illustrating an example of
entire configuration of a production printer 110 as an im-
age forming apparatus according to an embodiment. The
production printer 110 is a high-speed printer for use in
high-volume printing of 100 pages or more per minute,
for example, and is capable of applying ink on a contin-
uous-form recording medium such as continuous-form
paper W. The continuous-form paper W is conveyed by
one or more feed rollers 130 in the direction of arrow D1
in Fig. 1 and fed to the outside of the production printer
110. During the printing operation, the feed roller 130
performs positioning and tension adjustment of the con-
tinuous-form paper W.

[0014] An image forming unit of the production printer
110 is an inkjet type that does printing on the recording
medium by discharging ink droplets from ink heads of a
plurality of ink head units according to image data. Fig.
2 is a schematic side cross-sectional view of an example
of an image forming unit in the production printer 110.
As illustrated in Fig. 2, the image forming unit of the pro-
duction printer 110 is provided with a conveyor 201 that
holds and conveys the continuous-form paper W to be
printed, and a printing unit 202 that executes printing on
the continuous-form paper W held and conveyed by the
conveyor 201.

[0015] The conveyor 201 is composed of a first drive
roller 232, a second drive roller 233, guide rollers 234,
and the like. At least one of the first drive roller 232 and
the second drive roller 233 is driven for rotation by a drive
source such as a motor not illustrated. The tension of the
continuous-form paper W is adjusted between the first
drive roller 232 and the second drive roller 233.

[0016] The printing unit 202 includes a first head unit
310a, a second head unit 310b, a third head unit 310c,
and a fourth head unit 310d that discharge ink droplets.
[0017] Fig. 3 is a schematic plan view of an example
of the image forming unit in the production printer 110.
As illustrated in Fig. 3, the image forming unit has the
first head unit 310a, the second head unit 310b, the third
head unit 310c, and the fourth head unit 310d aligned at
certain spacing between them in this order from the up-
stream side of the conveyance direction of the continu-
ous-form paper W (shown by arrow D1 in Fig. 3). There
is no particular limitation on the kinds of ink droplets used
in the ink head units. For example, ink droplets of black
(K), cyan (C), magenta (M), and yellow (Y) may be used
in the individual ink head units. There is also no limitation
on which color of ink droplets to be used at which of the
ink head units. For example, ink droplets of black (K) may
be used at the first head unit 310a, ink droplets of cyan
(C) at the ink head unit 310b, ink droplets of magenta
(M) at the ink head unit 310c, and ink droplets of yellow
(Y) at the ink head unit 310d.

[0018] The first head unit 310a, the second head unit
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310Db, the third head unit 310c, and the fourth head unit
310d have ink discharge nozzles 313a, 313b, 313c, and
313d, respectively, as discharge ports for discharging ink
droplets. In addition, the ink head units 310b, 310c, and
310d have actuators 311b, 311c, and 311d for moving
the ink head units 310b, 310c, and 310d in a direction
(shown by arrows D2 in Fig. 3) perpendicular to the con-
veyance direction of the continuous-form paper W. In this
embodiment, the ink head unit 310a atthe most upstream
side of the conveyance direction of the continuous-form
paper W is set as a reference ink head unit, and the po-
sition of the ink head unit 310a in the direction perpen-
dicular to the conveyance direction of the continuous-
form paper W is fixed. Accordingly, the ink head unit 310a
is not provided with an actuator. Alternatively, as the other
ink head units, the ink head unit 310a may be provided
with an actuator to move the position of the ink head unit
310a in the direction perpendicular to the conveyance
direction of the continuous-form paper W.

[0019] In the vicinities of the ink head units 310a, 310b,
310c, and 310d at the upstream side of the conveyance
direction of the continuous-form paper W (shown by ar-
row D1 in Fig. 3), edge sensors 312a, 312b, 312c, and
312d are arranged, respectively, to detect the edge po-
sition of the continuous-form paper W perpendicular to
the conveyance direction of the continuous-form paper
W. Using the data on the edge positions of the continu-
ous-form paper W detected by the edge sensors 312a,
312b, 312c, and 312d, the positions of the ink head units
310b, 310c, and 310d are corrected. The correction of
the positions of the ink head units will be described later
in detail.

[0020] Fig. 4 is a block diagram illustrating a configu-
ration of a control system that corrects the positions of
the ink head units. A read controller 410 detects output
values from the edge sensors 312a, 312b, 312c, and
312d at every sampling cycle, and converts the same
into data from which unnecessary frequency compo-
nents are removed by filtering (hereinafter, referred to as
sensor readings). These sensor readings are saved in a
memory 416. The sensor reading from the edge sensor
312a is held in the memory 416 until the edge position
of the continuous-form paper W read by the edge sensor
312a passes through the edge sensor 312d. The read-
ings from the edge sensors except for the edge sensor
312a are overwritten as needed. A recording-position
correction controller 417 performs necessary arithmetic
operations on the data saved in the memory 416, and
controls the actuators 311b, 311 ¢, and 311d based on
the results of the arithmetic operations.

[0021] Figs. 5A through 5D are illustrations of an over-
view of correction of the positions of the ink head units.
The following description will be given with reference to
Fig. 4 as appropriate. As illustrated in Fig. 5A, for exam-
ple, no color deviation occurs in printing on the continu-
ous-form paper W when a line linking the ink discharge
nozzles 313a, 313b, 313c, and 313d is parallel to a line
formed by the edge of the continuous-form paper W. The
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line formed by the edge of the continuous-form paper W
in the ideal state with no occurrence of color deviation in
printing as described above will be designated as a ref-
erence line L. In addition, in this state, the sensor read-
ings of the edge positions of the continuous-form paper
W detected by the edge sensors 312a, 312b, 312c, and
312d will be designated as reference values r1, r2, r3,
and r4. Thereferencevaluesr1,r2,r3, andr4 vary among
the apparatuses and the edge sensors depending on ap-
paratus assembly errors, individual differences among
the sensors, and the like. Accordingly, at the time of in-
stallation of an apparatus or replacement of edge sen-
sors, it is necessary to make a reference value adjust-
ment for determining reference values described later.
[0022] Asillustrated in Fig. 5B, if the line formed by the
edge of the continuous-form paper W deviates from the
reference line L, the line linking the ink discharge nozzles
313a, 313b, 313c, and 313d is no longer parallel to the
reference line L, thereby causing a color deviation in print-
ing on the continuous-form paper W. To suppress occur-
rence of a color deviation, the positions of the ink head
units need corrections.

[0023] Referringto Figs. 5C and 5D, a specific method
for correcting the positions of the ink head units will be
described taking the ink head unit 310b as an example.
As illustrated in Fig. 5C, the sensor reading on the edge
sensor 312a when a certain section of the continuous-
form paper W (shaded section S in Fig. 5C) passes
through the edge sensor 312a will be designated as p1.
The recording-position correction controller 417 calcu-
lates the difference (deviation d1) between the sensor
reading p1 and the reference value r1 on the edge sensor
312a. As illustrated in Fig. 5D, the sensor reading on the
edge sensor 312b when the certain section of the con-
tinuous-form paper W (shaded section S in Fig. 5D) pass-
es through the edge sensor 312b will be designated as
p2. The recording-position correction controller 417 cal-
culates the difference (deviation d2) between the sensor
reading p2 and the reference value r2 on the edge sensor
312b.

[0024] The edge positions of the recording medium de-
tected by the edge sensors include errors relative to the
actual edge positions. The sensor reading p1 and the
reference value r1 on the edge sensor 312a are both the
values detected by the edge sensor 312a and thus in-
clude errors of the same magnitude. Accordingly, the er-
rors are canceled out by taking the difference (deviation
d1) between the sensor reading p1 and the reference
value r1 on the edge sensor 312a. Similarly, the errors
are canceled out by taking the difference (deviation d2)
between the sensor reading p2 and the reference value
r2 on the edge sensor 312b.

[0025] The read controller 410 determines a relative
deviation value D1 by calculating the difference between
the positional deviation d1 and the positional deviation
d2. The relative deviation value D1 represents the rela-
tive positional relation between the edge position of the
continuous-form paper W at the location of the ink head
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unit 310b and the edge position of the continuous-form
paper W at the location of the ink head unit 310a. As
described above, the errors are canceled out by taking
the positional deviation d1 and the positional deviation
d2, and thus no error is included in the relative deviation
value D1 calculated by the difference between the posi-
tional deviation d1 and the positional deviation d2. The
recording-position correction controller 417 controls the
actuator 311b according to the relative deviation value
D1 to correct the position of the ink head unit 310b.
[0026] The recording positions of the ink head units
310c and 310d are also corrected by the same method
as that for the correction of the recording position of the
ink head unit 310b described above. Specifically, the re-
cording-position correction controller 417 calculates rel-
ative deviation values D2 and D3 of the edge positions
of the continuous-form paper W at the locations of the
ink head units 310c and 310d from the edge position of
the continuous-form paper W at the location of the ink
head unit 310a. Then, the recording-position correction
controller 417 controls the actuators 311c and 311d ac-
cording to the relative deviation values D2 and D3 to cor-
rect the positions of the ink head units 310c and 310d.
[0027] When the position of the ink head unit 310a is
movable in the direction perpendicular to the conveyance
direction of the continuous-form paper W, the amount of
movement of the ink head unit 310a is added to the rel-
ative deviation values D1, D2, and D3.

[0028] Reference value adjustment will be described
in outline. It has been experimentally confirmed that,
while the continuous-form paper W is stably conveyed,
the line linking the ink discharge nozzles 313a, 313b,
313c, and 313d is parallel to the line formed by the edge
of the continuous-form paper W and no color deviation
occurs in printing on the continuous-form paper W. That
is, it can be determined whether the line linking the ink
discharge nozzles 313a, 313b, 313c, and 313d is parallel
to the line formed by the edge of the continuous-form
paper W by determining whether the continuous-form pa-
per W is stably conveyed.

[0029] When itis determined that the continuous-form
paper W is stably conveyed, the sensor readings of the
edge positions of the continuous-form paper W detected
by the edge sensors 312a, 312b, 312c, and 312d are to
be the reference values r1, r2, r3, and r4. It can be auto-
matically determined whether the continuous-form paper
W is stably conveyed as described below. Therefore, ac-
cording to this embodiment, reference value adjustment
can be automatically made.

[0030] Fig. 6 is a block diagram illustrating a configu-
ration of a control system that performs areference-value
adjustment operation. A reference-value adjustment
controller 411 has individual controllers, that is, a K-C
controller 412, a K-M controller 413, and a K-Y controller
414,and ageneral controller 415 that collectively controls
the individual controllers. The K-C controller 412 reads
from the memory 416 the reading p1 on the edge sensor
312a and the reading p2 on the edge sensor 312b, and
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calculates the difference between these readings to de-
termine whether the continuous-form paper W is stably
conveyed. The K-C controller 412 determines that the
continuous-form paper W is stably conveyed when the
calculated difference falls within a prescribed range for
a certain period of time. When it is determined that the
continuous-form paper W is stably conveyed, the general
controller 415 calculates the reference values r1, r2, r3,
and r4 from the sensor readings of the edge positions of
the continuous-form paper W detected by the edge sen-
sors 312a, 312b, 312c, and 312d, respectively. These
reference values r1, r2, r3, and r4 are saved in the mem-
ory 416.

[0031] The K-M controller 413 and the K-Y controller
414 determine whether the continuous-form paper W is
stably conveyed as the K-C controller 412 does. The K-
M controller 413 determines whether the continuous-
form paper W is stably conveyed by the difference be-
tween the reading p1 on the edge sensor 312a and the
reading p3 on the edge sensor 312c. The K-Y controller
414 determines whether the continuous-form paper W is
stably conveyed by the difference between the reading
p1 and the reading p4 on the edge sensor 312d.

[0032] Fig. 7 is anillustration of a method for determin-
ing the stability of conveyance of continuous-form paper
W by the K-Y controller 414. Referring to Fig. 7, the hor-
izontal axis indicates the time and the vertical axis the
readings. Curves K and Y in Fig. 7 are plots of readings
on the edge sensors 312a and 312d, respectively. A
curve K_Deviation deviates from the curve K by the time
determined by dividing the distance between the edge
sensor 312a and the edge sensor 312d by the convey-
ance speed of the continuous-form paper W. This allows
the comparison between the readings p1 and p4 of the
edge positions detected by the edge sensors 312a and
312d in the same section of the continuous-form paper
W. By comparing the readings of the edge positions in
the same section of the continuous-form paper W, it is
possible to determine whether the continuous-form pa-
per W is stably conveyed in a more accurate manner.
[0033] A curve Y-K_Deviation constitutes the differ-
ence between the curve Y and the curve K_Deviation.
By the curve Y-K_Deviation, it is possible to determine
the degree of variations in the edge position of the con-
tinuous-form paper W between the edge sensor 312a
and the edge sensor 312d in the direction perpendicular
to the conveyance direction of the continuous-form paper
W. That is, it can be said that, when the variations in the
curve Y-K_Deviation are large, the continuous-form pa-
per W is unstably conveyed between the edge sensor
312a and the edge sensor 312d. In contrast, it can be
said that, when the variations in the curve Y-K_Deviation
are small, the continuous-form paper W is stably con-
veyed between the edge sensor 312a and the edge sen-
sor 312d.

[0034] During the period of time between P and Q in
Fig. 7, the variationsin the curve Y-K_Deviation fall within
apredetermined range = o over a predetermined certain
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time T. Accordingly, the K-Y controller 414 determines
that the continuous-form paper W is stably conveyed for
the period of time indicated by P and Q. Hereinafter, the
curve such as the curve Y-K_Deviation in Fig. 7 will be
referred to as "variation curve." In addition, the period of
time during which the individual controller determines
that the continuous-form paper W is stably conveyed
such as the period of time T indicated by P and Q in Fig.
7 will be referred to as "individual stable period."

[0035] The methods fordetermining the stability of con-
veyance of the continuous-form paper W by the K-C con-
troller 412 and the K-M controller 413 are the same as
the foregoing method for determining the stability of con-
veyance of the continuous-form paper W by the K-Y con-
troller 414. Specifically, each of the K-C controller 412
and the K-M controller 413 determines that the continu-
ous-form paper W is stably conveyed when the variations
in the variation curve fall within a certain range *= o over
the certain time T.

[0036] The general controller 415 illustrated in Fig. 6
determines that the continuous-form paper W is stably
conveyed when all of the K-C controller 412, the K-M
controller 413, and the K-Y controller 414 have deter-
mined that the continuous-form paper W is stably con-
veyed. Thatis, the general controller 415 determines that
the continuous-form paper W is stably conveyed when
all of the individual stable periods at the K-C controller
412, the K-M controller 413, and the K-Y controller 414
overlap. Hereinafter, the overlapped individual stable pe-
riods will be referred to as "overall stable period." The
general controller 415 calculates the reference values on
the edge sensors based on the sensor readings on the
edge sensors during the overall stable period.

[0037] The determinations on the stability of convey-
ance of the continuous-form paper W by the individual
controllers relate to the times required for conveyance of
the continuous-form paper W between the edge sensor
312a as areference and the edge sensors other than the
edge sensor 312a. Accordingly, the individual controllers
do not provide the results of determination at the same
timing on whether the continuous-form paper W is stably
conveyed. In this embodiment, the K-Y controller 414
provides at the latest timing the result of determination
on whether the continuous-form paper W is stably con-
veyed between the edge sensor 312a as a reference and
the edge sensor 312d. Therefore, at the timing when the
K-Y controller 414 has provided the determination result,
the general controller 415 determines whether the con-
tinuous-form paper W is stably conveyed.

[0038] When the general controller 415 provides the
determination result indicating that the continuous-form
paper W is not stably conveyed, the individual controllers
continue to monitor the stability of conveyance of the con-
tinuous-form paper W. In case that the general controller
415 provides the determination result indicating that the
conveyance is not stable, the K-C controller 412 and the
K-M controller 413 start to monitor the next cycle on com-
pletion of the previous cycle even while the K-Y controller
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414 continues to monitor the previous cycle. When the
general controller 415 provides the determination result
indicating that the conveyance of the continuous-form
paper W is not stable after an elapse of a predetermined
time, the controller may instructs displaying an error mes-
sage.

[0039] The reference values can be calculated as de-
scribed below, for example. The reference value r1 on
the edge sensor 312aiis calculated by averaging the sen-
sor readings on the edge sensor 312a for the overall sta-
ble period. Each of the reference values on the edge
sensors 312b, 312¢, and 312d is calculated by averaging
plot values in the differential curve for the overall stable
period and adding the reference value r1 on the edge
sensor 312a to the averaged value.

[0040] Fig. 8 is a flowchart of an example of a refer-
ence-value adjustment control in the control system that
performs the reference-value adjustment operation. At
step S1, the conveyance of the continuous-form paper
W is started. At step S2, each of the edge sensors starts
to read the edge position of the continuous-form paper
W At step S3, each of the individual controllers monitors
the stability of conveyance of the continuous-form paper
W based on the readings on the edge sensors saved in
the memory 416. The details of step S3 will be described
later.

[0041] At step S4, the general controller 415 deter-
mines whether the continuous-form paper W is stably
conveyed according to the results of monitoring for the
stability of conveyance of the continuous-form paper W
by the individual controllers. When the continuous-form
paper W is not stably conveyed (NO at S4), the general
controller 415 returns to step S3. When the continuous-
form paper W is stably conveyed (YES at S4), the general
controller415 moves to step S5. At step S5, the reference
values on the edge sensors are calculated. At step S6,
the reference values calculated at step S5 are saved in
the memory 416.

[0042] The operation at step S3 in Fig. 8 will be de-
scribed taking an example of the operation in the K-C
controller 412 as an example. The K-M controller 413
and the K-Y controller 414 perform basically the same
operation as that of the K-C controller 412. Fig. 9 is a
flowchart of an example of a process for determining the
stability of conveyance of the continuous-form paper W
by the K-C controller 412. At step S30, the K-C controller
412 determines whether an end instruction is received
from the general controller 415. When an end instruction
is received (YES at S30), the process is terminated.
When no end instruction is received (NO at S30), the K-
C controller 412 moves to step S31. At step S31, the K-
C controller 412 acquires from the memory 416 the latest
sensor reading on the edge sensor 312b and the sensor
reading on the edge sensor 312a preceding by the time
obtained by dividing the distance between the edge sen-
sor 312a and the edge sensor 312b by the conveyance
speed. At step S32, the K-C controller 412 calculates the
difference between the two sensor readings acquired at
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step S31. At step S33, the K-C controller 412 adds the
value of the difference calculated at step S32 to a sum-
mation variable SUM (initial value is 0) and increments
a difference data count k (initial value is 0) by 1.

[0043] Atstep S34, the K-C controller 412 determines
whether the difference data countk is athreshold number
or greater. When the difference data count k is smaller
thanthe threshold number (NO at S34), the K-C controller
412 returns to step S30. When the difference data count
k is the threshold number or greater (YES at S34), the
K-C controller 412 moves to step S35. At step S35, the
K-C controller 412 divides the summation variable SUM
by the difference data count k to calculate the average
of the differences between the two sensor readings ac-
quired at step S31, and sets the difference data count k
to the initial value of 0, and then increments an average
data count n (initial value is 0) by 1.

[0044] Atstep S36, the K-C controller 412 determines
whether the average data count n is a threshold number
or greater. When the average data count n is smaller
thanthe threshold number (NO at S36), the K-C controller
412 returns to step S30. When the average data count
nis the threshold number (YES at S36), the K-C controller
412 moves to step S37. At step S37, the K-C controller
412 uses the average data determined at step S35 to
determine whether the continuous-form paper W is stably
conveyed. The details of the determination will be de-
scribed later. When not determining that the conveyance
is stable at step S37 (NO at S37), the K-C controller 412
moves to step S38. When determining that the convey-
ance of the continuous-form paper W is stable at step
S37 (YES at S37), the K-C controller 412 moves to step
S39. At step S38, the K-C controller 412 deletes the old-
est one of the average values calculated at step S35,
and decrements the average data countn by 1, and then
returns to step S30. At step S39, the K-C controller 412
sets the average data count n to 0 and moves to step S4
in Fig. 8.

[0045] Fig. 10is adiagram describing the details of the
determination at step S37 described in Fig. 9 on whether
the continuous-form paper W is stably conveyed. Refer-
ring to Fig. 10, the vertical axis indicates the average
values determined at step S35, and the horizontal axis
indicates the cycle numbers of the average values (cor-
responding to the average data counts n). A cycle number
of 1 is assigned to the oldest average value, and the
following cycle numbers are assigned to the next older
average values in order of increasing. In this embodi-
ment, the number of the average values for use in deter-
mination on the stability of conveyance of the continuous-
form paper W is five and a threshold range is =5um. The
threshold range is determined based on an allowable de-
viation range from an average value when color devia-
tions from the average value fall within the range of = 3c.
When the average value with the cycle number 1 is set
as a reference value and all of the differences between
the average values with the following cycle numbers 2,
3, and 4 and the reference value fall within the range of
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+5 um, it is determined that the continuous-form paper
W is stably conveyed.

[0046] The method for reference value adjustment de-
scribed above is a mere example, and the reference val-
ue adjustment may not be made by determining whether
the continuous-form paper W is stably conveyed with ref-
erence to the reading p1 on the edge sensor 312a. Al-
ternatively, the stability of the conveyance of the contin-
uous-form paper W may be determined with reference
to the reading on the edge sensor other than the edge
sensor 312a. In addition, in this embodiment, four ink
head units are provided and thus the three individual con-
trollers are used. When the number of the ink head units
is increased or decreased, the individual controllers may
also be increased or decreased accordingly. In this case,
the method for reference value adjustment is basically
the same as the method described above. At the refer-
ence value adjustment, conditions are desirably set such
the continuous-form paper W travels stably (the kind of
the continuous-form paper W, the conveyance speed of
the same, and others).

[0047] Theembodimentdescribed above is a mere ex-
ample, and the present disclosure produces specific ad-
vantages in the following aspects:

(Aspect A)

[0048] Animage forming apparatus includes: a plural-
ity of head units such as the ink head units 310a, 310b,
310c, and 310d that are arranged side by side with certain
spacing therebetween in a conveyance direction of a re-
cording medium and have discharge ports such as the
ink discharge nozzles 313a, 313b, 313c, and 313d to
discharge droplets, such as ink droplets, on the recording
medium; a plurality of edge sensors such as the edge
sensors 312a, 312b, 312c, and 312d that are arranged
in correspondence with at least two sensor-correspond-
ing head units of the plurality of head units and detect
edge positions of the recording medium in a direction
perpendicular to the conveyance direction of the record-
ing medium; at least one actuator such as the actuators
311b, 311 ¢, and 311d to move at least one actuator-
driven head unit of the sensor-corresponding head units
in the direction perpendicular to the conveyance direction
of the recording medium; and a controller such as the
recording position correction controller 417 to control the
at least one actuator. The image forming apparatus fur-
ther includes a memory such as the memory 416 to store
data on the edge positions of the recording medium read
by the plurality of edge sensors. The memory stores in
advance reference values on the plurality of edge sen-
sors as readings on the edge sensors of the edge posi-
tions of the recording medium as a reference. The con-
troller calculates the differences between the edge posi-
tions of the recording medium read by the plurality of
edge sensors and the reference values on the edge sen-
sors, and uses the differences to control the actuators
and correct the positions of the head units having the
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actuators. The edge positions of the recording medium
read by the edge sensors include errors resulting from
apparatus assembly and individual differences among
the edge sensors. The edge position of the recording
mediumread by one edge sensorand the reference value
on the edge sensor are values read by the same edge
sensor, and thus include an error of the same size. Ac-
cordingly, the foregoing error can be canceled out by
taking the difference between the edge position of the
recording medium read by the one edge sensor and the
reference value on the edge sensor. By taking the differ-
ence between the difference in an edge sensor arranged
in correspondence with one head unit having an actuator
and the difference in an edge sensor arranged in corre-
spondence with another head unit, it is possible to deter-
mine correctly the relative positional relation between the
edge position of the recording medium at the location of
the former head unit and the edge position of the record-
ing medium at the location of the latter head unit. By
correcting the position of the former head unit according
to the relative positional relation, it is possible to raise
correction accuracy and suppress occurrence of a color
deviation in printing on the recording medium.

(Aspect B)

[0049] IntheaspectA, whenthe sensor-corresponding
head units include at least one actuator-less heat unit
not having the actuator, the controller sets one of the at
least one actuator-less head unit to a reference head
unit, and when all of the at least two sensor-correspond-
ing head units are actuator-driven head units having the
actuator, the controller sets one of the at least two sensor-
corresponding head units to the reference head unit. The
controller determines whether the recording medium is
stably conveyed by calculating a difference between an
edge position of the recording medium read by at least
one of the edge sensors arranged in correspondence
with non-reference head units of the actuator-driven head
units and an edge position of the recording medium read
by an edge sensor of the edge sensors arranged in cor-
respondence with the reference head unit, and determin-
ing whether variations in the difference fall within a pre-
determined threshold value over a predetermined period
of time. The controller sets the edge position of the re-
cording medium when the recording medium is stably
conveyed as the reference edge position of the recording
medium. Accordingly, the controller can automatically
determine whether the recording medium is stably con-
veyed by determining whether variations in the difference
fall within the predetermined threshold range over a pre-
determined period of time. It has been experimentally
confirmed that, when the recording medium is stably con-
veyed, no color deviation occurs in printing on the record-
ing medium. By setting the edge position of the recording
medium when the recording medium is stably conveyed
as a reference edge position of the recording medium,
the reference edge position of the recording medium can
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be automatically determined. Accordingly, the reference
values on the head units can also be automatically set.
Such a configuration prevents the user from having to
set the reference values when, after the replacement of
edge sensors, the reference value is to be re-set on the
new head unit.

(Aspect C)

[0050] In the aspect A or B, the edge sensors are ar-
ranged upstream from the sensor-corresponding head
units in the conveyance direction of the recording medi-
um.

(Aspect D)

[0051] In any one of the aspects A to C, when, on de-
termination of whether the variations in the difference fall
within the predetermined threshold range over the pre-
determined period of time, a determination result indicat-
ing that the recording medium is stably conveyed is not
obtained after an elapse of a predetermined determina-
tion period, an error message is displayed. Accordingly,
in the event of occurrence of any abnormality in the re-
cording medium conveyance system, it is possible to pre-
vent the determination on the parallelism from being con-
tinued for an unnecessarily long time.

(Aspect E)

[0052] In any one of the aspects A to D, the threshold
range is determined by an allowable deviation amount
from an average value of the difference set so that devi-
ations from the average value between colors fall within
arange of *3o.

Claims
1. Animage forming apparatus, comprising:

aconveyor (201) to convey a recording medium;
aplurality of head units (310a, 310b, 310c, 310d)
arranged side by side with certain spacing ther-
ebetween in a conveyance direction of the re-
cording medium, the plurality of head units in-
cluding discharge ports (313a, 313b, 313c,
313d)todischarge droplets on the recording me-
dium;

a plurality of edge sensors (312a, 312b, 312c,
312d) arranged in correspondence with at least
two sensor-corresponding head units of the plu-
rality of head units, to detect edge positions of
the recording medium in a direction perpendic-
ular to the conveyance direction of the recording
medium;

an actuator (311b, 311c, 311d) to move at least
one actuator-driven head unit of the at least two
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sensor-corresponding head units in the direction
perpendicular to the conveyance direction of the
recording medium;

a memory (416) to store reference values gen-
erated in advance based on data on the edge
positions of the recording medium read by the
plurality of edge sensors; and

a controller (417) to control the actuator accord-
ing to the edge positions of the recording medi-
um read by the plurality of edge sensors and the
reference values to correct a position of the at
least one actuator-driven head unit.

The image forming apparatus according to claim 1,
wherein when the at least two sensor-corresponding
head units include at least one actuator-less heat
unit not having the actuator, the controller sets one
of the at least one actuator-less head unit to a refer-
ence head unit,

wherein, when all of the at least two sensor-corre-
sponding head units are actuator-driven head units
having the actuator, the controller sets one of the at
leasttwo sensor-corresponding head units to the ref-
erence head unit, and

wherein the controller determines whether the re-
cording medium is stably conveyed by calculating a
difference between an edge position of the recording
medium read by at least one edge sensor of the plu-
rality of edge sensors arranged in correspondence
with at least one non-reference head unit of the ac-
tuator-driven head units and an edge position of the
recording medium read by an edge sensor of the
plurality of edge sensors arranged in correspond-
ence with the reference head unit, and determining
whether variations in the difference fall within a pre-
determined threshold range over a predetermined
period of time, and

the controller sets the edge positions of the recording
medium read when the recording medium is stably
conveyed, to reference edge positions of the record-
ing medium.

The image forming apparatus according to claim 1
or 2, wherein the plurality of edge sensors are ar-
ranged upstream from the at least two sensor-cor-
responding head units in the conveyance direction
of the recording medium.

The image forming apparatus according to any one
of claims 1 to 3, wherein, when on determination of
whether variations in the difference fall within a pre-
determined threshold range over a predetermined
period of time, a determination result indicating that
the recording medium is stably conveyed is not ob-
tained after an elapse of a predetermined determi-
nation period, the controller instructs displaying an
error message.
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5.

The image forming apparatus according to any one
of claims 1 to 4, wherein the threshold range is de-
termined based on an allowable deviation amount
from an average value of the difference set so that
deviations from the average value fall within a range
of +3o.
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