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(54) INKJET RECORDING DEVICE AND PROGRAM

(57) An inkjet recording device and a program that
can achieve a more stable image quality in a formed im-
age are provided.

An inkjet recording device 100 includes: an inkjet
head 20; a carriage 111 mounted with the inkjet head 20;
a setter (controller 40) that sets at least one of a speed
and an acceleration of the carriage 111, for each position
of the carriage 111; an obtainer (controller 40) that ob-
tains drive cycle dependency information on a droplet
speed of ink discharged from the inkjet head 20; and a
corrector (controller 40) that corrects a control parameter
during discharge of ink from the inkjet head 20, based
on at least one of the speed and the acceleration of the
carriage, and on the drive cycle dependency information
on the droplet speed.
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Description

BACKGROUND

TECHNICAL FIELD

[0001] The present invention relates to an inkjet re-
cording device, and a program.

DESCRIPTION OF THE RELATED ART

[0002] There is an inkjet recording device that applies
a pressure variation to ink supplied through an ink flow
path (ink channel), in pressure chambers positioned at
the middle of the ink channel, and discharges ink through
multiple nozzles that communicate with the pressure
chambers, thus recording an image, a thin film, wiring, a
three-dimensional structure, etc.
[0003] The inkjet recording device drives an inkjet head
while causing a carriage mounted with the inkjet head to
perform scanning on a conveyance axis, thus discharg-
ing droplets of ink and forming an image on a recording
medium. The drive cycle of the inkjet head is generated
based on an output signal obtained from a linear encoder
in synchronization with scanning by the carriage.
[0004] In relation to this, Patent Literature 1 describes
an invention that dynamically changes the timing of puls-
es for driving a printing head, based on the speed and
acceleration of the carriage.

CITATION LIST

PATENT LITERATURE

[0005] Patent Literature 1: JP 2002-002046A

SUMMARY OF THE INVENTION

[0006] As described above, based on the position in-
formation on the carriage, the drive cycle of the inkjet is
determined. Accordingly, when the conveyance speed
of the inkjet head is not a constant speed, the drive cycle
and the drive frequency of the inkjet head vary. After drop-
lets are discharged, reverberation occurs in a pressure
chamber of the inkjet head, and affects droplets to be
discharged next and thereafter. Consequently, when the
drive frequency of the inkjet head varies, the affecting
degree by the reverberant also varies. Accordingly, the
droplet speed of ink also varies. There has been a prob-
lem that possible variation in ink droplet speed varies
droplet landing positions, and shading unevenness oc-
curs in a formed image.
[0007] FIG. 13 shows an example of the drive cycle of
the inkjet head, and the droplet speed of ink when the
conveyance speed of the inkjet head is not a constant
speed. In the example shown in FIG. 13, the abscissa
axis indicates time (s) after start of driving the inkjet head,
and the ordinate axis indicates the conveyance speed

(m/s: solid line) of the inkjet head, and the drive cycle
(ms: broken line) of the inkjet head, and the ink droplet
speed (m/s: chain line) are shown. In a period in which
driving of the inkjet head is started and the inkjet head is
in acceleration, the drive cycle of the inkjet head gradually
decreases. The ink droplet speed is unstable and peri-
odically varies, and the amplitude gradually increases.
[0008] According to the invention according to Patent
Literature 1, variation in droplet landing position due to
variation in drive frequency (cycle) of the inkjet head is
not compensated, and the problem described above is
not solved.
[0009] The present invention has an object to provide
an inkjet recording device and a program that can achieve
a more stable image quality in a formed image.
[0010] To achieve the object described above, an inkjet
recording device of an invention according to claim 1,
includes:

an inkjet head;
a carriage mounted with the inkjet head;
a setter that sets at least one of a speed and an
acceleration of the carriage, for each position of the
carriage;
an obtainer that obtains drive cycle dependency in-
formation on a droplet speed of ink discharged from
the inkjet head; and
a corrector that corrects a control parameter during
discharge of ink from the inkjet head, based on at
least one of the speed and the acceleration of the
carriage, and on the drive cycle dependency infor-
mation on the droplet speed.

[0011] An inkjet recording device of an invention ac-
cording to claim 2, includes:

an inkjet head;
a carriage mounted with the inkjet head;
a detector that detects at least one of a speed and
an acceleration of the carriage, for each pixel of an
image to be formed;
an obtainer that obtains drive cycle dependency in-
formation on a droplet speed of ink discharged from
the inkjet head; and
a corrector that corrects a control parameter during
discharge of ink from the inkjet head, based on at
least one of the speed and the acceleration of the
carriage, and on the drive cycle dependency infor-
mation on the droplet speed.

[0012] An inkjet recording device of an invention ac-
cording to claim 3, includes:

an inkjet head;
a carriage mounted with the inkjet head;
a setter that sets at least one of a speed and an
acceleration of the carriage, for each position of the
carriage;
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a detector that detects at least one of the speed and
the acceleration of the carriage, for each pixel of an
image to be formed;
an obtainer that obtains drive cycle dependency in-
formation on a droplet speed of ink discharged from
the inkjet head; and
a corrector that corrects a control parameter during
discharge of ink from the inkjet head, based on at
least one of the speed and the acceleration of the
carriage, and on the drive cycle dependency infor-
mation on the droplet speed.

[0013] The invention according to claim 4 is the inkjet
recording device according to claim 2 or 3,
wherein the detector is included in the inkjet head, or the
carriage.
[0014] The invention according to claim 5 is the inkjet
recording device according to any one of claims 1 to 4,
wherein when the speed of the carriage is not a constant
speed, the corrector corrects the control parameter.
[0015] The invention according to claim 6 is the inkjet
recording device according to any one of claims 1 to 5,
wherein a three-dimensional object is an image formation
target.
[0016] The invention according to claim 7 is the inkjet
recording device according to any one of claims 1 to 6,
wherein the corrector corrects image data as the control
parameter.
[0017] The invention according to claim 8 is the inkjet
recording device according to any one of claims 1 to 6,
wherein the corrector corrects a discharge signal as the
control parameter.
[0018] The invention according to claim 9 is the inkjet
recording device according to any one of claims 1 to 6,
wherein the corrector corrects the control parameter
through selection of a drive waveform.
[0019] The invention according to claim 10 is the inkjet
recording device according to any one of claims 1 to 9,
wherein the corrector corrects a distance between the
inkjet head and a recording medium, and an angle of the
inkjet head from the recording medium, as the control
parameter.
[0020] The invention according to claim 11 is the inkjet
recording device according to claim 10,
wherein the corrector corrects the distance between the
inkjet head and the recording medium in a widening di-
rection when the droplet speed is higher than a prede-
termined reference value, and corrects the distance in a
narrowing direction when the droplet speed is lower than
the predetermined reference value.
[0021] The invention according to claim 12 is the inkjet
recording device according to claim 10 or 11,
wherein the corrector corrects the angle of the inkjet head
from the recording medium so that landing positions of
droplets discharged from the inkjet head can be sparse
when the droplet speed is higher than a predetermined
reference value, and corrects the angle so that the land-
ing positions of droplets discharged from the inkjet head

can be dense when the droplet speed is lower than the
predetermined reference value.
[0022] The invention according to claim 13 is the inkjet
recording device according to any one of claims 1 to 12,
further comprises

a robot arm,
wherein the robot arm includes the carriage.

[0023] A program of an invention according to claim
14 causes a computer of an inkjet recording device in-
cluding:
an inkjet head; and a carriage mounted with the inkjet
head, to function as:

a setter that sets at least one of a speed and an
acceleration of the carriage, for each position of the
carriage;
an obtainer that obtains drive cycle dependency in-
formation on a droplet speed of ink discharged from
the inkjet head; and
a corrector that corrects a control parameter during
discharge of ink from the inkjet head, based on at
least one of the speed and the acceleration of the
carriage, and on the drive cycle dependency infor-
mation on the droplet speed.

ADVANTAGEOUS EFFECTS OF INVENTION

[0024] According to the present invention, in a formed
image, a more stable image quality can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

[FIG. 1] FIG. 1 shows an example of a robot arm that
includes a carriage mounted with an inkjet head in
this embodiment.
[FIG. 2] FIG. 2 is a block diagram showing a func-
tional configuration of an inkjet recording device in
this embodiment.
[FIG. 3] FIG. 3 shows an example of drive cycle de-
pendency of the droplet speed.
[FIG. 4] FIG. 4 is a flowchart of a control parameter
correction process according to a first embodiment.
[FIG. 5A] FIG. 5A shows an example of a shading
density profile.
[FIG. 5B] FIG. 5B shows an example of a shading
correction profile.
[FIG. 6] FIG. 6 is a flowchart of a control parameter
correction process according to a second embodi-
ment.
[FIG. 7] FIG. 7 shows an example of a variation in
distance between adjacent dots.
[FIG. 8] FIG. 8 is a flowchart of a control parameter
correction process according to a modification ex-
ample 1 of the second embodiment.
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[FIG. 9] FIG. 9 shows an example of the correction
time period of a discharge signal.
[FIG. 10] FIG. 10 is a flowchart of a control parameter
correction process according to a modification ex-
ample 2 of the second embodiment.
[FIG. 11] FIG. 11 shows an example of waveform
patterns of drive waveforms.
[FIG. 12] FIG. 12 is a flowchart of a control parameter
correction process according to a modification ex-
ample 3 of the second embodiment.
[FIG. 13] FIG. 13 shows an example of the convey-
ance speed, drive cycle, and ink droplet speed of the
inkjet head.

DETAILED DESCRIPTION OF EMBODIMENT

[0026] Hereinafter, embodiments of the present inven-
tion are described with reference to the drawings.

<First Embodiment>

(1. Configuration of inkjet recording device)

[0027] An inkjet recording device 100 in this embodi-
ment is, for example, an inkjet recording device that forms
an image on a three-dimensional object or the like (re-
cording medium), and includes a robot arm main body
11 that includes a carriage 111 mounted with inkjet heads
20 as shown in FIG. 1.
[0028] FIG. 2 is a block diagram showing a functional
configuration of the inkjet recording device 100 in this
embodiment.
[0029] The inkjet recording device 100 includes a robot
arm 10, inkjet heads 20, a drive waveform signal gener-
ator 30, a controller 40, a storage 50, a communicator
60, an operation acceptor 71, a display 72, and a power
supplier 80.
[0030] The robot arm 10 includes: the robot arm main
body 11 that includes the carriage 111; and a robot arm
drive controller 12.
[0031] The robot arm main body 11 is a 6-axis articu-
lated robot. For example, a recording medium is a three-
dimensional object. It is configured that each inkjet head
20 can be arranged at a predetermined distance set with
respect to an image formation surface of the recording
medium even if the image formation surface is a curved
surface. The robot arm main body 11 is not limited to a
six-axis one. Alternatively, a multiple articulated robot
that includes an appropriate number of axes, such as five
axes or seven axes, may be adopted. Since a multiple
robot itself is publicly known, the detailed description
thereof is omitted.
[0032] The robot arm drive controller 12 applies drive
control to the robot arm main body 11 under control by
the controller 40.
[0033] The robot arm drive controller 12 includes an
encoder 121. The encoder 121 detects the rotation of a
drive motor of the robot arm drive controller 12, and out-

puts a signal in accordance with the rotation direction at
every rotation by a predetermined angle, thus detecting
the position of the carriage 111.
[0034] The inkjet head 20 discharges ink on a record-
ing medium, and records an image or the like. Each inkjet
head 20 includes a plurality of recording elements 20a,
and a head driver 24.
[0035] The recording elements 20a each include noz-
zles 21, ink flow paths 22, and piezoelectric elements 23.
[0036] The head driver 24 applies a drive signal (drive
waveform) to a selected piezoelectric element 23, and
causes the piezoelectric elements 23 to perform trans-
forming operation.
[0037] Ink is sent from a supply path common to the
nozzles 21 to the nozzles 21 via ink flow paths 22 com-
municating with the respective nozzles 21. Each ink flow
path 22 includes a pressure chamber. By transforming
operation in accordance with application of a drive volt-
age to the piezoelectric elements 23 that are positioned
along a wall surface of the pressure chamber (or are the
wall surface itself), pressure variation is applied to ink in
the pressure chamber. The piezoelectric elements 23 ap-
ply pressure variation in accordance with a drive wave-
form to ink supplied to the nozzles 21, eject (discharge)
ink droplets from the nozzles 21, and record an image.
The inkjet recording device 100 is provided with the inkjet
heads 20 as many as the number of colors or types of
ink ejected each time of image recording operation in the
inkjet recording device 100. Each inkjet head 20 can dis-
charge ink according to a multi-drop scheme that sequen-
tially discharges a plurality of ink droplets, combines them
at the middle as a single droplet, and lands this droplet
in a corresponding pixel region (an identical pixel region),
and can define a shading graduation in each pixel region
in accordance with the number of ink droplets.
[0038] The drive waveform signal generator 30 gener-
ates a drive waveform to be output by the head driver 24
to the recording elements 20a. Although not specifically
limited, the drive waveform signal generator 30 analog-
converts digital data indicating a predefined drive wave-
form, and outputs a signal with amplified voltage and cur-
rent, as a drive waveform, to the head driver 24. The
generated drive waveform may include not only trape-
zoidal waves or rectangular waves for discharging ink,
but also a drive waveform having a waveform that grad-
ually changes in ink pressure (triangular waves or the
like; the pulse width may be, for example, a half width (a
width of a portion with 50% or more of amplitude); a value
other than 50% may be adopted).
[0039] The controller 40 is a processor that includes a
CPU 41 (Central Processing Unit) and a RAM 42 (Ran-
dom Access Memory), and comprehensively controls
various operations of the inkjet recording device 100. The
CPU 41 performs various operation processes, and ex-
ecutes a control operation. The RAM 42 provides the
CPU 41 with a working memory space, and stores tem-
porary data. The controller 40 controls output of the drive
waveform pertaining to an ink discharge operation at
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each inkjet head 20 to the recording elements 20a, based
on image data to be recorded and on setting data per-
taining to image recording.
[0040] The controller 40 stores a carriage coordinates
and carriage speed table or a carriage coordinates and
carriage acceleration table, described later, in the stor-
age 50, thus setting at least one of the speed and the
acceleration of the carriage 111, for each position of the
carriage 111. In this case, the controller 40 functions as
a setter.
[0041] The controller 40 obtains, from the storage 50,
a droplet speed and drive cycle characteristics table that
is drive cycle dependency information on the droplet
speed of ink discharged from the inkjet head 20. In this
case, the controller 40 functions as an obtainer.
[0042] The controller 40 corrects control parameters
during discharge of ink from each inkjet head 20, based
on at least one of the speed and the acceleration of the
carriage 111, and on the drive cycle dependency infor-
mation on the droplet speed. In this case, the controller
40 functions as a corrector.
[0043] Here, the control parameters include image da-
ta, a discharge signal, and a drive waveform.
[0044] The storage 50 stores the image data to be re-
corded, and stores various programs and the setting da-
ta. The storage 50 includes at least a nonvolatile memory,
and may further include a volatile memory (RAM). The
image data may be stored in the RAM. The nonvolatile
memory is, for example, a flash memory or the like, and
may alternatively or additionally include an HDD (Hard
Disk Drive) or the like. Note that part of the storage 50
may be held by the inkjet heads 20 or the like. Parameter
information unique to each inkjet head 20, initial abnor-
mal nozzle information and the like can be stored in a
nonvolatile memory included in each inkjet head 20.
These pieces of information may be read by the controller
40 in initial setting or the like after the inkjet head 20 is
attached to the inkjet recording device 100, and integrally
stored and managed in the storage 50 of the inkjet re-
cording device 100.
[0045] The storage 50 stores the waveform setting da-
ta 51.
[0046] The waveform setting data 51 stores waveform
pattern data of the drive waveform to be output to each
recording element 20a. In particular, the waveform pat-
tern data stored here includes information on the start
timing of the drive waveform, the pulse width, and the
voltage amplitude associated with each time of ink dis-
charge in a case in which multiple times of ink discharge
are sequentially performed. The information on the pulse
width may be a parameter obtained from the nonvolatile
memory included in the inkjet head 20. These pieces may
be digital data from which the drive waveform is gener-
ated by the drive waveform signal generator 30.
[0047] The storage 50 stores the carriage coordinates
and carriage speed table that indicates the correspond-
ence relationship where the speed of the carriage 111 in
the carriage coordinates indicating the predetermined

position of the carriage 111 is preset. Instead of the car-
riage coordinates and carriage speed table, the carriage
coordinates and carriage acceleration table indicating
the correspondence relationship where the acceleration
of the carriage 111 in the carriage coordinates is preset
may be stored.
[0048] The storage 50 stores the droplet speed and
drive cycle characteristics table where the correspond-
ence relationship between the droplet speed of ink dis-
charged by the inkjet head 20 and the drive cycle of the
inkjet head 20 is calculated by simulation. Here, FIG. 3
shows an example of the drive cycle dependency of the
ink droplet speed at the inkjet head 20. As shown in FIG.
3, if the drive cycle of the inkjet head 20 is relatively short
(e.g., 40 to 80 us), the ink droplet speed is unstable.
[0049] The communicator 60 controls execution of
communication with external devices. For example,
based on a communication standard, such as TCP/IP,
the communicator 60 can be connected to an external
computer, obtain job data including image data to be re-
corded, and output a status of the image recording op-
eration based on the job data. The communicator 60 may
be directly connected to a peripheral device by the USB
(Universal Serial Bus) or the like, thus allowing data to
be transmitted and received.
[0050] The operation acceptor 71 accepts an input op-
eration by a user or the like, and outputs the accepted
content, as an input signal, to the controller 40. The op-
eration acceptor 71 includes, for example, a touch panel,
and press button switches. The touch panel is positioned
to overlap a display screen of the display 72, and may
allow operation content to be indicated in synchronization
with the display content on the display screen.
[0051] The display 72 displays a status, a selection
menu and the like, for the user or the like. The display
72 includes, for example, the display screen, and indica-
tors (lamps). The display 72 includes, for example, a liq-
uid crystal display, and can display various characters
and diagrams on the display screen in a dot matrix man-
ner. The indicators are made up of, for example, LED
lamps or the like, and may be used in a case of indicating
presence or absence of power supply, presence or ab-
sence of operation abnormality or the like.
[0052] The power supplier 80 supplies power at a volt-
age in accordance with each component of the inkjet re-
cording device 100. A voltage in accordance with the
peak voltage of each drive waveform is output to a drive
board of the inkjet head 20.

(2. Operation of inkjet recording device)

[0053] Next, a control parameter correction process in
the inkjet head 20 of the inkjet recording device 100 in
this embodiment is described. The controller 40 executes
the control parameter correction process in this embod-
iment before image formation by the inkjet head 20.
[0054] FIG. 4 is a flowchart showing the flow of the
control parameter correction process.
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[0055] First, the controller 40 obtains the carriage co-
ordinates and carriage speed table from the storage 50
(Step S1).
[0056] Next, the controller 40 obtains the droplet speed
and drive cycle characteristics table from the storage 50
(Step S2).
[0057] Next, the controller 40 calculates a carriage co-
ordinates and droplet speed table indicating the corre-
spondence relationship between the carriage coordi-
nates and the ink droplet speed, from the carriage coor-
dinates and carriage speed table obtained in Step S1
and the droplet speed and drive cycle characteristics ta-
ble obtained in Step S2 (Step S3).
[0058] Next, the controller 40 calculates a shading den-
sity profile indicating the correspondence relationship be-
tween the carriage coordinates and the shading of an
image to be formed as shown in FIG. 5A, based on the
carriage coordinates and droplet speed table calculated
in Step S3 (Step S4).
[0059] Next, the controller 40 calculates a shading cor-
rection profile shown in FIG. 5B for canceling out the
shading unevenness of the shading density profile cal-
culated in Step S4 (Step S5). Here, the example in FIGS.
5A and 5B is in a case of what is called solid printing and
is for discharge on every pixel.
[0060] Next, the controller 40 corrects the shading of
the image data to be recorded (control parameters),
based on the shading correction profile calculated in Step
S5 (Step S6), and finishes the processing.
[0061] Here, the controller 40 may execute the control
parameter correction process using the carriage coordi-
nates and carriage acceleration table instead of the car-
riage coordinates and carriage speed table.

<Second Embodiment>

[0062] In the inkjet recording device 100 in this embod-
iment, the carriage 111 includes a detector 111a. The
detector 111a is a sensor that detects at least one of the
speed and the acceleration of the carriage 111, and out-
puts a detected signal to the controller 40. The detector
111a may be included in the inkjet head 20. The detector
111a is included in the carriage 111 or the inkjet head 20
as described above. Accordingly, the speed and the ac-
celeration of the inkjet head 20 can be more correctly
detected than a case in which the detector 111a is in-
cluded in a portion of the robot arm main body 11 other
than the carriage 111.
[0063] The other points of configuration are the same
as those of the configuration in the first embodiment.
[0064] Next, a control parameter correction process in
the inkjet head 20 of the inkjet recording device 100 in
this embodiment is described. The controller 40 executes
the control parameter correction process in this embod-
iment during image formation by the inkjet head 20.
[0065] FIG. 6 is a flowchart showing the flow of a control
parameter correction process according to this embodi-
ment.

[0066] First, the controller 40 obtains current position
information on the carriage 111, from the encoder 121
(Step S11).
[0067] Next, the controller 40 obtains, from the detector
111a, the average VHN of the speed of the carriage 111
at the pixel corresponding to the current position of the
carriage 111 obtained in Step S 11 (Step S12). Here, the
average of the speed of the carriage 111 at the pixel
corresponding to the current position is the average of
the speed when the inkjet head 20 passes from the (N-
1)-th pixel where discharge has been performed to the
N-th pixel where next discharge is to be performed, for
example.
[0068] Next, the controller 40 calculates the drive cycle
TN at the pixel (e.g., (N-1)-th pixel to N-th pixel) corre-
sponding to the current position, based on the average
VHN of the speed of the carriage 111 at the pixel corre-
sponding to the current position obtained in Step S12,
according to the following Expression (1) (Step S13). 

[0069] Here, dN denotes the distance from the (N-1)-th
pixel to the N-th pixel in input image data.
[0070] Next, the controller 40 obtains the droplet speed
and drive cycle characteristics table from the storage 50
(Step S14).
[0071] Next, the controller 40 obtains the droplet speed
DVN at the pixel corresponding to the current position,
based on the drive cycle TN at the pixel corresponding
to the current position calculated in Step S13, and the
droplet speed and drive cycle characteristics table ob-
tained in Step S14 (Step S15).
[0072] Next, the controller 40 calculates the droplet
flight time tN at the pixel corresponding to the current
position, based on the droplet speed DVN obtained in
Step S 15, and the distance Gap from the nozzle surface
of the inkjet head 20 to the image formation surface of
the recording medium, according to the following Expres-
sion (2) (Step S16). 

[0073] Here, when the droplet flight time tN is calculat-
ed, the effect of air resistance to ink droplets may be
considered.
[0074] Next, the controller 40 calculates the position
at which an ink droplet is to land on the image formation
surface, based on the droplet flight time tN calculated in
Step S16 and the average VHN of the speed of the car-
riage 111 at the pixel corresponding to the current posi-
tion, thus calculating the distance DN between adjacent
dots at the pixel corresponding to the current position,
according to the following Expression (3) (Step S17). 
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[0075] FIG. 7 shows an example of the variation in dis-
tance DN between adjacent dots. In the example shown
in FIG. 7, the abscissa axis indicates the position (mm)
of the carriage 111, and the ordinate axis indicates the
variation (um) in distance DN between adjacent dots.
[0076] Next, the controller 40 calculates a shading cor-
rection value such that the distance DN between adjacent
dots calculated in Step S17 can be equal to the distance
dN from the (N-1)-th pixel to the N-th pixel in the input
image data (a target value in a state without shading un-
evenness) (Step S18). Specifically, if the distance DN
between adjacent dots is smaller than the distance dN,
correction in a direction of reducing the shading is made.
If it is greater, correction in a direction of increasing the
shading is made.
[0077] Next, the controller 40 corrects the shading of
the image data to be recorded (control parameter), based
on the shading correction value calculated in Step S18
(Step S19), and finishes the processing.

(Modification example 1)

[0078] Next, a modification example 1 of the second
embodiment is described.
[0079] FIG. 8 is a flowchart showing the control param-
eter correction process in this modification example. The
controller 40 executes the control parameter correction
process in this modification example during image for-
mation by the inkjet head 20.
[0080] Hereinafter, the difference from the second em-
bodiment is mainly described. The configuration of the
inkjet recording device 100 in this modification example
is the same as that of the inkjet recording device 100 in
the second embodiment.
[0081] In the control parameter correction process in
this modification example shown in FIG. 8, first, the con-
troller 40 executes Steps S21 to S27 similar to Steps S11
to S17 of the control parameter correction process in the
second embodiment.
[0082] Next, the controller 40 executes correction of
an ink discharge signal such that the distance DN be-
tween adjacent dots calculated in Step S27 can be equal
to the distance dN from the (N-1)-th pixel to the N-th pixel
in the input image data (the target value in the state with-
out shading unevenness). Specifically, the controller 40
calculates the correction time period ΔtaN of the dis-
charge signal so as to satisfy the following Expression
(4), according to the following Expression (5) (Step S28). 

[0083] Here, VHN·ΔtaN is the average VHN of the speed
of the inkjet head 20 passing the N-th pixel at which next
discharge is to be performed, and the amount of deviation
of the droplet landing position due to signal correction in
a case in which the inkjet head 20 is moving.
[0084] Next, the controller 40 corrects the discharge
signal (control parameter), based on the correction time
period ΔtaN of the discharge signal calculated in Step
S28 (Step S29), and finishes the processing.
[0085] Here, FIG. 9 shows an example of the correction
time period ΔtaN of the discharge signal. In the example
shown in FIG. 9, the abscissa axis indicates the position
(mm) of the carriage 111, and the ordinate axis indicates
the correction time period ΔtaN (us) of the discharge sig-
nal.
[0086] In the example shown in FIGS. 7 and 9, if the
variation in distance DN between adjacent dots is greater
than the target value in the state without shading une-
venness, the time period of applying the discharge signal
is corrected to be minus (in a direction of increasing the
drive frequency). If the variation in distance DN between
adjacent dots is smaller, the time period of applying the
discharge signal corrected to be plus (in a direction of
reducing the drive frequency).
[0087] Here, the example in FIGS. 7 and 9 is in a case
of what is called solid printing and is for discharge on
every pixel. In a case of intermittent discharge, the dis-
charge is discontinuous unlike the case shown in FIGS.
7 and 9 in which the discharge is continuous.
[0088] In this modification example described above,
the controller 40 executes the control parameter correc-
tion process during image formation by the inkjet head
20. However, there is no limitation to this. All the pixels
may be corrected before image formation. In a case in
which correction is performed during image formation,
correction is performed with reference to the (N-1)-th pix-
el, based on the amount of deviation of the droplet landing
positions from the (N-1)-th pixel to the N-th pixel. How-
ever, in a case in which all the pixels are corrected before
image formation, for example, correction may be per-
formed with reference to the 0-th pixel, based on the
amount of deviation of droplet landing position therefrom.

(Modification example 2)

[0089] Next, a modification example 2 of the second
embodiment is described.
[0090] FIG. 10 is a flowchart showing the control pa-
rameter correction process in this modification example.
The controller 40 executes the control parameter correc-
tion process in this modification example during image
formation by the inkjet head 20.
[0091] Hereinafter, the difference from the second em-
bodiment is mainly described. The configuration of the
inkjet recording device 100 in this modification example
is the same as that of the inkjet recording device 100 in
the second embodiment.
[0092] In the control parameter correction process in
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this modification example shown in FIG. 10, first, the con-
troller 40 executes Steps S31 to S35 similar to Steps S11
to S15 of the control parameter correction process in the
second embodiment.
[0093] Next, the controller 40 selects waveform pattern
data (control parameter) of the drive waveform to be out-
put to each recording elements 20a, from the waveform
setting data 51, based on the droplet speed obtained in
Step S35 (Step S36), and finishes the processing. Spe-
cifically, as shown in FIG. 11, if the droplet speed is slower
than the target value in the state without shading une-
venness, the controller 40 selects a waveform A having
a low voltage value. If the droplet speed is higher than
the target value, the controller 40 selects a waveform C
having a high voltage value. If the droplet speed is ap-
propriate with respect to the target value, the controller
40 selects a waveform B having a voltage value between
the values of the waveforms A and C.
[0094] As described above, by selecting the waveform
pattern data of the drive waveform on the basis of the
droplet speed, the deviation in the landing position before
and after switching of the waveform pattern can be small.
[0095] In Step S36 in the control parameter correction
process in the modification example 2 of the second em-
bodiment described above, the voltage value of the drive
waveform is changed by selecting the waveform pattern
data of the drive waveform on the basis of the droplet
speed. However, there is no limitation to this. The pulse
width of the drive waveform or the slope time period may
be changed. The shape of the waveform may be a com-
plicated waveform that is not a waveform with a single
pulse.
[0096] The number of waveform pattern data items of
the drive waveform stored in the waveform setting data
51 is determined based on the maximum frequency of
an image formation job, the transfer rate of input image
data, the number of gradations of ink quantity.

(Modification example 3)

[0097] Next, a modification example 3 of the second
embodiment is described.
[0098] FIG. 12 is a flowchart showing the control pa-
rameter correction process in this modification example.
The controller 40 executes the control parameter correc-
tion process in this modification example during image
formation by the inkjet head 20.
[0099] Hereinafter, the difference from the second em-
bodiment is mainly described. The configuration of the
inkjet recording device 100 in this modification example
is the same as that of the inkjet recording device 100 in
the second embodiment.
[0100] In the control parameter correction process in
this modification example shown in FIG. 12, first, the con-
troller 40 executes Steps S41 to S45 similar to Steps S11
to S15 of the control parameter correction process in the
second embodiment.
[0101] Next, the controller 40 controls the robot arm

drive controller 12, based on the droplet speed obtained
in Step S45, and changes at least one of the position and
angle of the carriage 111 (Step S46), and finishes the
processing. Specifically, if the droplet speed is lower than
the target value in the state without shading unevenness
(predetermined reference value), the controller 40 reduc-
es the distance between the carriage 111 and the record-
ing medium (control parameter). If the droplet speed is
higher than the target value, the controller 40 increases
the distance between the carriage 111 and the recording
medium (control parameter).
[0102] If the droplet speed is lower than the target val-
ue, the controller 40 corrects the angle of the carriage
111 (control parameter) so as to make the droplet landing
positions dense. If the droplet speed is higher than the
target value, the controller 40 corrects the angle of the
carriage 111 (control parameter) so as to make the drop-
let landing positions sparse.
[0103] Here, in the second embodiment and its modi-
fication examples, the controller 40 may obtain, from the
detector 111a, the acceleration of the carriage 111 at the
pixel corresponding to the current position of the carriage
111, and execute the control parameter correction proc-
ess, based on the acceleration of the carriage 111.
[0104] As described above, the inkjet recording device
100 according to this embodiment includes: an inkjet
head 20; a carriage 111 mounted with the inkjet head 20;
a setter (controller 40) that sets at least one of a speed
and an acceleration of the carriage 111, for each position
of the carriage 111; an obtainer (controller 40) that ob-
tains drive cycle dependency information on a droplet
speed of ink discharged from the inkjet head 20; and a
corrector (controller 40) that corrects a control parameter
during discharge of ink from the inkjet head 20, based
on at least one of the speed and the acceleration of the
carriage, and on the drive cycle dependency information
on the droplet speed.
[0105] Consequently, in a formed image, a more stable
image quality can be achieved.
[0106] The inkjet recording device 100 according to
this embodiment includes: an inkjet head 20; a carriage
111 mounted with the inkjet head 20; a detector 111a
that detects at least one of a speed and an acceleration
of the carriage 111, for each pixel of an image to be
formed; an obtainer (controller 40) that obtains drive cy-
cle dependency information on a droplet speed of ink
discharged from the inkjet head 20; and a corrector (con-
troller 40) that corrects a control parameter during dis-
charge of ink from the inkjet head 20, based on at least
one of the speed and the acceleration of the carriage
111, and on the drive cycle dependency information on
the droplet speed.
[0107] Consequently, in a formed image, a more stable
image quality can be achieved.
[0108] The inkjet recording device 100 according to
this embodiment includes: an inkjet head 20; a carriage
111 mounted with the inkjet head 20; a setter (controller
40) that sets at least one of a speed and an acceleration
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of the carriage, for each position of the carriage 111; a
detector 111a that detects at least one of the speed and
the acceleration of the carriage 111, for each pixel of an
image to be formed; an obtainer (controller 40) that ob-
tains drive cycle dependency information on a droplet
speed of ink discharged from the inkjet head 20; and a
corrector (controller 40) that corrects a control parameter
during discharge of ink from the inkjet head 20, based
on at least one of the speed and the acceleration of the
carriage 111, and on the drive cycle dependency infor-
mation on the droplet speed.
[0109] Consequently, in a formed image, a more stable
image quality can be achieved.
[0110] The inkjet recording device 100 in this embod-
iment includes the detector 111a, in the inkjet head 20
or the carriage 111.
[0111] Consequently, the speed and the acceleration
of the inkjet head 20 can be more correctly detected than
a case in which the detector 111a is included in a portion
of the robot arm main body 11 other than the carriage 111.
[0112] In the inkjet recording device 100 in this embod-
iment, when the speed of the carriage 111 is not a con-
stant speed, the corrector corrects the control parame-
ters.
[0113] Consequently, if the speed of the carriage 111
is not a constant speed, a more stable image quality in
the formed image can be achieved.
[0114] The inkjet recording device 100 in this embod-
iment adopts a three-dimensional object as an image for-
mation target.
[0115] Consequently, even if the recording medium is
a three-dimensional object, a more stable image quality
in the formed image can be achieved.
[0116] In the inkjet recording device 100 in this embod-
iment, the corrector corrects image data as the control
parameter.
[0117] Consequently, by correcting the image data, a
more stable image quality in the formed image can be
achieved.
[0118] In the inkjet recording device 100 in this embod-
iment, the corrector corrects the discharge signal as the
control parameter.
[0119] Consequently, by correcting the discharge sig-
nal, a more stable image quality in the formed image can
be achieved.
[0120] In the inkjet recording device 100 in this embod-
iment, the corrector corrects the control parameter
through selection of a drive waveform.
[0121] Consequently, by correction through selection
of the drive waveform, a more stable image quality in the
formed image can be achieved.
[0122] In the inkjet recording device 100 in this embod-
iment, the corrector corrects a distance between the
inkjet head 20 and a recording medium, and an angle of
the inkjet head 20 from the recording medium, as the
control parameters.
[0123] Consequently, by correcting the distance and
the angle of the inkjet head 20 with respect to the record-

ing medium, a more stable image quality in the formed
image can be achieved.
[0124] In the inkjet recording device 100 in this embod-
iment, the corrector corrects the distance between the
inkjet head 20 and the recording medium in a widening
direction when the droplet speed is higher than a prede-
termined reference value, and corrects the distance in a
narrowing direction when the droplet speed is lower than
the predetermined reference value.
[0125] Consequently, by correcting the distance of the
inkjet head 20 with respect to the recording medium on
the basis of the droplet speed, a more stable image qual-
ity in the formed image can be achieved.
[0126] In the inkjet recording device 100 in this embod-
iment, the corrector corrects the angle of the inkjet head
20 from the recording medium so that landing positions
of droplets discharged from the inkjet head 20 can be
sparse when the droplet speed is higher than the prede-
termined reference value, and corrects the angle so that
the landing positions of droplets discharged from the
inkjet head 20 can be dense when the droplet speed is
lower than the predetermined reference value.
[0127] Consequently, by correcting the angle of the
inkjet head 20 with respect to the recording medium on
the basis of the droplet speed, a more stable image qual-
ity in the formed image can be achieved.
[0128] The inkjet recording device 100 in this embod-
iment includes the robot arm (robot arm main body 11),
and the robot arm includes the carriage 111.
[0129] Consequently, the carriage 111 is thus included
in the robot arm, and if the speed of the carriage 111 is
not a constant speed, a more stable image quality in the
formed image can be achieved.
[0130] Note that the present invention is not limited to
the embodiments and their modification examples. Var-
ious changes can be made.
[0131] For example, in the embodiments and the mod-
ification examples described above, the inkjet recording
device 100 includes the robot arm main body 11 mounted
with the inkjet head 20. However, there is no limitation
to this. It may be configured to correct the control param-
eter during ink discharge from the inkjet head 20 in the
case in which the inkjet head 20 is configured to be in-
cluded in the carriage moving on a rail, and an image is
formed when the carriage moving speed is not a constant
speed.
[0132] In the embodiments and the modification exam-
ples described above, the examples of correction in the
case in which the speed of the carriage is not a constant
speed are described. However, there is no limitation to
this. Correction may be performed when the speed of the
carriage is a constant speed but the drive frequency of
the inkjet head varies.
[0133] In the embodiments and the modification exam-
ple described above, the speed and the acceleration of
the carriage 111 are detected by the detector included
in the inkjet head 20 or the carriage 111. However, there
is no limitation to this. Detection may be performed based
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on the output signal of the encoder 121 of the robot arm
drive controller 12.
[0134] The controller 40 may use, in a combined man-
ner, the modes of correcting the control parameters of
the inkjet head 20 during ink discharge in the control pa-
rameter correction process of the first and second em-
bodiments described above.
[0135] Furthermore, specific details of the configura-
tion of the inkjet recording device 100 shown in each
embodiment described above can be appropriately
changed in a range without departing from the spirit of
the present invention. The scope of the present invention
includes the scope of the invention described in the
claims and its equivalent range.

INDUSTRIAL APPLICABILITY

[0136] The present invention is applicable to an inkjet
recording device, and a program.

REFERENCE SIGNS LIST

[0137]

100 Inkjet recording device
10 Robot arm
11 Robot arm main body
111 Carriage
111a Detector
12 Robot arm drive controller
20 Inkjet head
20a Recording element
21 Nozzles
22 Ink flow paths
23 Piezoelectric elements
24 Head driver
30 Drive waveform signal generator
40 Controller
41 CPU
42 RAM
50 Storage
51 Waveform setting data
60 Communicator
71 Operation acceptor
72 Display
80 Power supplier

Claims

1. An inkjet recording device, comprising:

an inkjet head;
a carriage mounted with the inkjet head;
a setter that sets at least one of a speed and an
acceleration of the carriage, for each position of
the carriage;
an obtainer that obtains drive cycle dependency

information on a droplet speed of ink discharged
from the inkjet head; and
a corrector that corrects a control parameter dur-
ing discharge of ink from the inkjet head, based
on at least one of the speed and the acceleration
of the carriage, and on the drive cycle depend-
ency information on the droplet speed.

2. An inkjet recording device, comprising:

an inkjet head;
a carriage mounted with the inkjet head;
a detector that detects at least one of a speed
and an acceleration of the carriage, for each pix-
el of an image to be formed;
an obtainer that obtains drive cycle dependency
information on a droplet speed of ink discharged
from the inkjet head; and
a corrector that corrects a control parameter dur-
ing discharge of ink from the inkjet head, based
on at least one of the speed and the acceleration
of the carriage, and on the drive cycle depend-
ency information on the droplet speed.

3. An inkjet recording device, comprising:

an inkjet head;
a carriage mounted with the inkjet head;
a setter that sets at least one of a speed and an
acceleration of the carriage, for each position of
the carriage;
a detector that detects at least one of the speed
and the acceleration of the carriage, for each
pixel of an image to be formed;
an obtainer that obtains drive cycle dependency
information on a droplet speed of ink discharged
from the inkjet head; and
a corrector that corrects a control parameter dur-
ing discharge of ink from the inkjet head, based
on at least one of the speed and the acceleration
of the carriage, and on the drive cycle depend-
ency information on the droplet speed.

4. The inkjet recording device according to claim 2 or
3, wherein the detector is included in the inkjet head,
or the carriage.

5. The inkjet recording device according to any one of
claims 1 to 4, wherein when the speed of the carriage
is not a constant speed, the corrector corrects the
control parameter.

6. The inkjet recording device according to any one of
claims 1 to 5, wherein a three-dimensional object is
an image formation target.

7. The inkjet recording device according to any one of
claims 1 to 6, wherein the corrector corrects image
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data as the control parameter.

8. The inkjet recording device according to any one of
claims 1 to 6, wherein the corrector corrects a dis-
charge signal as the control parameter.

9. The inkjet recording device according to any one of
claims 1 to 6, wherein the corrector corrects the con-
trol parameter through selection of a drive waveform.

10. The inkjet recording device according to any one of
claims 1 to 9, wherein the corrector corrects a dis-
tance between the inkjet head and a recording me-
dium, and an angle of the inkjet head from the re-
cording medium, as the control parameter.

11. The inkjet recording device according to claim 10,
wherein the corrector corrects the distance between
the inkjet head and the recording medium in a wid-
ening direction when the droplet speed is higher than
a predetermined reference value, and corrects the
distance in a narrowing direction when the droplet
speed is lower than the predetermined reference val-
ue.

12. The inkjet recording device according to claim 10 or
11, wherein the corrector corrects the angle of the
inkjet head from the recording medium so that land-
ing positions of droplets discharged from the inkjet
head can be sparse when the droplet speed is higher
than a predetermined reference value, and corrects
the angle so that the landing positions of droplets
discharged from the inkjet head can be dense when
the droplet speed is lower than the predetermined
reference value.

13. The inkjet recording device according to any one of
claims 1 to 12, further comprising a robot arm,
wherein the robot arm includes the carriage.

14. A program causing a computer of an inkjet recording
device comprising:

an inkjet head; and
a carriage mounted with the inkjet head, to func-
tion as:

a setter that sets at least one of a speed and
an acceleration of the carriage, for each po-
sition of the carriage;
an obtainer that obtains drive cycle depend-
ency information on a droplet speed of ink
discharged from the inkjet head; and
a corrector that corrects a control parameter
during discharge of ink from the inkjet head,
based on at least one of the speed and the
acceleration of the carriage, and on the
drive cycle dependency information on the

droplet speed.
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