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(54) RECORDING APPARATUS

(57)  Provided is a recording apparatus (1) provided
with a recording head (7) that includes a nozzle (N) and
discharges liquid through the nozzle on the basis of im-
age data, and when the recording head discharges the
liquid onto a recorded medium (P) on the basis of pixel
data constituting the image data and corresponding to

FIG. 1

any one of recording target pixels, the liquid is discharged
such that the liquid landed on the recorded medium in-
dicates any one of a plurality of image density levels. The
recording apparatus configured in this manner makes it
possible to perform recording at a plurality of image den-
sity levels on the basis of only a single set of image data.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 095 609 A1 2

Description
BACKGROUND
1. Technical Field

[0001]
paratus.

The present invention relates to a recording ap-

2. Related Art

[0002] Heretofore, recording apparatuses each pro-
vided with a recording head that includes nozzles and
executes recording by discharging liquid, such as ink,
through the nozzles have been widely used. Among such
recording apparatuses, recording apparatuses each ca-
pable of recording at different resolutions have been dis-
closed. For example, in JP-A-2002-19100, a recording
apparatus (an image formation apparatus) provided with
a plurality of recording modes each associated with a
corresponding one of a plurality of resolutions is dis-
closed.

[0003] Meanwhile,inrecentyears, recording has been
performed on various types of recorded media by using
a recording apparatus. Further, the landing diameter of
an ink droplet that is discharged from a recording head
and lands on a recorded medium for use in recording
differs in accordance with the type of the recorded me-
dium. For this reason, in conventional recording appara-
tuses, a recording operation has been performed by, for
example, allowing the recording operation to be executed
in a recording mode that enables the recording operation
to be executed at a desired image density level on the
basis of a set of converted image data obtained by caus-
ing a PC or the like to convert an original set of image
data in accordance with the type of a recorded medium
for use in the recording operation in a way that allows
the PC or the like to use a driver software program.
[0004] When, however, causing a PC or the like to con-
vert an original set of image data into an additional set
of converted image data, a period of time required to fully
perform the conversion depends on the process perform-
ance of the PC or the like, the size of the original set of
image data, and/or the like, and thus is likely to become
long. For this reason, there has been desired the advent
ofarecording apparatus capable of performing recording
at a plurality of image density levels on the basis of only
a single set of image data without causing a PC or the
like to convert the set ofimage datato obtain an additional
set of converted image data.

SUMMARY

[0005] An advantage of some aspects of the invention
is that a recording apparatus is provided, which makes
it possible to perform recording at a plurality of image
density levels on the basis of only a single set of image
data.
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[0006] A recording apparatus according to a first as-
pect of the invention includes a recording head that in-
cludes a nozzle and discharges liquid through the nozzle
on the basis of image data, and when the recording head
discharges the liquid onto a recorded medium on the ba-
sis of pixel data constituting the image data and corre-
sponding to any one of recording target pixels, the liquid
is discharged such that the liquid landed on the recorded
medium indicates any one of a plurality of image density
levels.

[0007] According to a second aspect of the invention,
in the first aspect, the recording apparatus further in-
cludes a movement portion that causes the recording
head to move relative to the recorded medium in a direc-
tion intersecting a nozzle row direction in which a plurality
ofthe nozzles are arranged, and when the recording head
discharges the liquid onto the recorded medium on the
basis of the pixel data corresponding to any one of the
recording target pixels, in a case where the liquid is dis-
charged at a plurality of times through one of the nozzles
during one movement of the recording head, the move-
ment portion makes a speed of the movement of the re-
cording head lower, as compared with a case where the
liquid is discharged only once through the one of the noz-
zles during the one movement of the recording head.
[0008] According to a third aspect of the invention, in
the first aspect, the recording apparatus further includes
a movement portion that causes the recording head to
move relative to the recorded medium in a direction in-
tersecting a nozzle row direction in which a plurality of
the nozzles are arranged, and when the recording head
discharges the liquid onto the recorded medium on the
basis of the pixel data corresponding to any one of the
recording target pixels, in a case where the liquid is dis-
charged at a plurality of times through one of the nozzles,
the movement portion causes the recording head to
move at a plurality of times.

[0009] According to a fourth aspect of the invention, in
the first aspect, the recording apparatus further includes
a movement portion that causes the recording head to
move relative to the recorded medium in a direction in-
tersecting a nozzle row direction in which a plurality of
the nozzles are arranged, and in any one of the first to
third aspects, when the recording head discharges the
liquid onto the recorded medium on the basis of the pixel
data corresponding to any one of the recording target
pixels, in a case where the liquid is discharged at a plu-
rality of times from the recording head, the liquid is dis-
charged through each of plural ones of the nozzles.
[0010] According to a fifth aspect of the invention, in
any one of the first to fourth aspects, when the recording
head discharges the liquid onto the recorded medium on
the basis of the pixel data corresponding to any one of
the recording target pixels, in a case where the liquid is
discharged at a plurality of times from the recording head,
a landing position of the liquid on the recorded medium
at each of the plurality of times differs from a landing
position of the liquid on the recorded medium at any other



3 EP 3 095 609 A1 4

of the plurality of times.

[0011] According to the above first to fifth aspects of
the invention, it is possible to provide a recording appa-
ratus that makes it possible to perform recording at a
plurality of image density levels on the basis of only a
single set of image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
accompanying drawings, wherein like numbers refer-
ence like elements.

Fig. 1 is a schematic side view illustrating a mechan-
ical configuration of a recording apparatus according
to an embodiment of the invention.

Fig. 2is a block diagram illustrating an electrical con-
figuration of a recording apparatus according to an
embodiment of the invention.

Fig. 3is a diagramillustrating a waveform of a driving
voltage supplied to a recording head of a recording
apparatus according to an embodiment of the inven-
tion.

Figs. 4A and 4B are schematic diagrams illustrating
ink dots having been landed on a recorded medium
for use in arecording apparatus according to an em-
bodiment of the invention.

Figs. 5A and 5B are schematic diagrams illustrating
ink dots having been landed on a recorded medium
for use in a recording apparatus according to an em-
bodiment of the invention.

Figs. 6A and 6B are schematic diagrams illustrating
ink dots having been landed on a recorded medium
for use in a recording apparatus according to an em-
bodiment of the invention.

Figs. 7A and 7B are schematic diagrams illustrating
ink dots having been landed on a recorded medium
for use in a recording apparatus according to an em-
bodiment of the invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0013] Hereinafter, a recording apparatus according to
an embodiment of the invention will be described in detail
with reference to the accompanying drawings.

[0014] First, the outline of a recording apparatus 1 ac-
cording to this embodiment will be described.

[0015] Fig. 1is a schematic side view of the recording
apparatus 1 according to this embodiment.

[0016] As shown in Fig. 1, the recording apparatus 1
according to this embodiment includes an unwinding por-
tion 2 capable of unwinding a recorded medium P for use
in recording from a roll R1 of the recorded medium P.
Further, the recording apparatus 1 includes a transport
mechanism 3 as a transporting portion that transports
the recorded medium P in a transport direction A in a
state in which an adhesive belt 10 supports the recorded
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medium P on its supporting face F to which an adhesive
agent is applied. Further, the recording apparatus 1 in-
cludes a recording mechanism 4 that executes recording
by reciprocating a recording head 7 in a reciprocating
direction B intersecting the transport direction A in which
the recorded medium P is transported. Further, the re-
cording apparatus 1 includes a cleaning mechanism 15
for cleaning the adhesive belt 10. Moreover, the record-
ing apparatus 1 includes a winding mechanism 18 pro-
vided with a winding shaft 17 for winding the recorded
medium P, and a cutter 16 for cutting the recorded me-
dium P that is in a state of having been wound by the
winding shaft 17.

[0017] The unwinding portion 2 includes a rotation
shaft 5 that also functions as an attachment portion to
which the roll R1 of the recorded medium P for use in
recording is attached, and is configured to be capable of
unwinding the recorded paper P from the roll R1, which
is attached to the rotation shaft 5, toward the transport
mechanism 3 via a driven roller 6. In addition, when the
recorded paper P is unwound toward the transport mech-
anism 3, the rotation shaft 5 rotates in a rotation direction
C.

[0018] The transport mechanism 3 includes the adhe-
sive belt 10 that transports the recorded paper P in a
state in which the recorded paper P having been un-
wound from the unwinding portion 2 is mounted on the
adhesive belt 10 itself; a transport roller 8 as a driving
roller that causes the adhesive belt 10 to move; and a
driven roller 9. The recorded medium P is mounted on
the supporting face F of the adhesive belt 10 in a state
of being pressure-applied and adhered onto the support-
ing face F by a pressure applying roller 12. In addition,
when the recorded paper P is transported, the transport
roller 8 rotates in the rotation direction C and thereby the
adhesive belt 10 is caused to move in a direction E.
[0019] In this regard, however, the transport belt is not
limited to such an adhesive belt. For example, an elec-
trostatic-absorption type transport belt may be employed
as the transport belt.

[0020] The recording mechanism 4 includes the re-
cording head 7 capable of discharging ink (liquid) through
nozzles N (refer to Figs. 4A and 4B to Figs. 7A and 7B),
and a carriage motor 30 (refer to Fig. 2) that causes a
carriage, on which the relevant recording head 7 is
mounted, to reciprocate in the reciprocating direction B
relative to the recorded medium P. In addition, the recip-
rocating direction B is a direction perpendicular to the
drawing surface on which Fig. 1 is represented.

[0021] When recording is performed, the recording is
performed by causing the recording head 7 to execute
reciprocating scanning, and during every recording scan-
ning operation (i.e., during every movement of the re-
cording head 7), the transport mechanism 3 halts the
transport of the recorded paper P. In other words, when
recording is performed, the reciprocating scanning of the
recording head 7 and the transport of the recorded me-
dium P are alternately executed. That is, when recording
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is performed, the transport mechanism 3 intermittently
transports the recorded medium P (that is, the transport
mechanism 3 causes the adhesive belt 10 to move inter-
mittently) in conjunction with the reciprocating scanning
of the recording head 7.

[0022] The cleaning mechanism 15 for cleaning the
adhesive belt 10 includes a cleaning brush 13 constituted
of a plurality of cleaning rollers that are joined in a direc-
tion toward a rotation shaft of the cleaning brush 13, and
a tray 14 in which a cleaning agent for use in cleaning of
the cleaning brush 13 is contained.

[0023] The winding mechanism 18 is a mechanism for
winding the recorded medium P that is already subjected
torecording and thathas been transported fromthe trans-
port mechanism 3 via the driven roller 11, and is capable
of winding the recorded medium P as a roll R2 by winding
the relevant recorded medium P around a paper tube or
the like that is for use in winding and that is in a state of
being attached to the winding shaft 17.

[0024] Inaddition, the recording apparatus 1 according
to this embodiment is a recording apparatus that causes
the adhesive belt 10 to support and transport the record-
ed medium P of a roll-shaped type, but the invention is
not limited to a recording apparatus configured in such
a manner. For example, the recording apparatus 1 may
be configured so as to be capable of transporting, not
only the foregoing recorded medium P of a roll-shaped
type, but also the recorded medium P of a sheet-shaped
type, by causing a pair of rollers as a transporting portion
to pinch the recorded medium P of the sheet-shaped
type.

[0025] Next, an electrical configuration of the recording
apparatus 1 according to this embodiment will be de-
scribed.

[0026] Fig. 2is a block diagram of the recording appa-
ratus 1 according to this embodiment.

[0027] A control portion 23 includes a CPU 24 that per-
forms control of the whole of the recording apparatus 1.
The CPU 24 is electrically connected, via a system bus
25, to a ROM 26 that stores therein various control pro-
grams executed by the CPU 24, and the like, and a RAM
27 that is capable of temporarily storing data therein.
[0028] Further, the CPU 24 is electrically connected,
via the system bus 25, to a head driving portion 28 for
driving the recording head 7. Further, the CPU 24 is elec-
trically connected, via the system bus 25, to a motor driv-
ing portion 29 for driving the carriage motor 30, a trans-
porting motor 31, an unwinding motor 32, and a winding
motor 33. Here, the carriage motor 30 is a motor for mov-
ing the carriage on which the recording head 7 is mount-
ed. Further, the transporting motor 31 is a motor for driv-
ing the transport roller 8. Further, the unwinding motor
32 is a rotation mechanism for the rotation shaft 5, and
is a motor for driving the rotation shaft 5 to unwind the
recorded paper P toward the transport mechanism 3. Fur-
ther, the winding motor 33 is a driving motor for rotating
the winding shaft 17.

[0029] Further, the CPU 24 is electrically connected,
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via the system bus 25, to a cutter driving portion 19 for
driving the cutter 16 to cut the recorded paper P.
[0030] Moreover,the CPU 24 is electrically connected,
via the system bus 25, to an input/output portion 20 that
is communicably connected to a PC 21 that transmits/re-
ceives signals and data, such as a set of image data,
to/from the input/output portion 20.

[0031] The control portion 23 according to this embod-
imentis configuredin such amanner as described above,
and thereby is capable of performing driving control (re-
cording control) of the recording apparatus 1.

[0032] Next, recording operation that is executable by
the recording apparatus 1 according to this embodiment
and that is executed under the control of the control por-
tion 23 thereof will be described. Here, Fig. 3 is a diagram
illustrating a waveform of a driving voltage supplied to
the recording head 7 of the recording apparatus 1 ac-
cording to this embodiment.

[0033] Further, Figs. 4A and 4B are schematic dia-
grams illustrating ink dots | having been landed on the
recorded paper or other material P as a result of a re-
cording operation that allows one ink dot to be discharged
on the basis of pixel data corresponding to any one of
recording target pixels, and are schematic diagrams
when the recorded medium P of a type in which each of
the ink dots | is easy to spread is used.

Fig. 4A out of these figures is a plan view illustrating the
ink dots | having been landed on the recorded medium
P, and Fig. 4B out of these figures is a front view illus-
trating the ink dots | having been landed on the recorded
medium P.

[0034] Further, Figs. 5A and 5B are schematic dia-
grams illustrating ink dots | having been landed on the
recorded medium P as a result of a recording operation
that allows one ink dot to be discharged on the basis of
pixel data corresponding to any one of recording target
pixels, and are schematic diagrams when the recorded
medium P of a type in which each of the ink dots | is hard
to spread.

Fig. 5A out of these figures is a plan view illustrating the
ink dots | having been landed on the recorded medium
P, and Fig. 5B out of these figures is a front view illus-
trating the ink dots | having been landed on the recorded
medium P.

[0035] Further, Figs. 6A and 6B are schematic dia-
grams illustrating ink dots | having been landed on the
recorded paper P as a result of a recording operation that
allows a plurality of ink dots to be discharged during one
pass on the basis of pixel data corresponding to any one
of recording target pixels, and are schematic diagrams
when the recorded medium P of a type in which each of
theink dots lis hard to spread. Fig. 6A out of these figures
is aplan view illustrating the ink dots | having been landed
on the recorded medium P, and Fig. 6B out of these fig-
ures is a front view illustrating the ink dots | having been
landed on the recorded medium P.

[0036] Further, Figs. 7A and 7B are schematic dia-
grams illustrating ink dots | having been landed on the
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recorded medium P as a result of a recording operation
that allows a plurality of dots to be discharged during a
plurality of passes on the basis of pixel data correspond-
ing to any one of recording target pixels, and are sche-
matic diagrams when the recorded medium P of a type
in which each of the ink dots | is hard to spread. Fig. 7A
out of these figures is a plan view illustrating the ink dots
| having been landed on the recorded medium P, and
Fig. 7B out of these figures is a front view illustrating the
ink dots | having been landed on the recorded medium P.
[0037] Inaddition,inFigs.4A to 7B, anumber denoting
each of the ink dots | is associated with an address
number indicating pixel data corresponding to one of re-
cording target pixels and constituting a set of pixel data
transmitted from the PC 21. Thus, in Figs. 4A to 5B, ink
dots | each associated with a corresponding one of ad-
dress numbers "1" to "8" each indicating pixel data cor-
responding to one of recording target pixels are formed
in a unit of a single ink dot I. Further, in Figs. 6A to 7B,
ink dots | each associated with a corresponding one of
address numbers "1" to "8" each indicating pixel data
corresponding to one of recording target pixels are
formed in unit of a plurality of (nine) ink dots | each as-
sociated with the same address number.

[0038] When recording is performed by executing a
recording operation that allows one ink dot to be dis-
charged on the basis of pixel data corresponding to any
one of recording target pixels and constituting a set of
image data transmitted from the PC 21, the landing di-
ameter of each of the ink dots | having been landed on
the recorded medium P largely varies in accordance with
the type of the recorded medium P as shown in Figs. 4A
to 5B. For example, when paper or the like is used as
the recorded medium P, the landing diameter of each of
the ink dots | tends to become large as shown in Figs.
4A and 4B; while, when cloth or the like is used as the
recorded medium P, the landing diameter of each of the
ink dots | tends to become small as shown in Figs. 5A
and 5B. For this reason, heretofore, in order to suppress
the occurrence of a phenomenon in which the image den-
sity level of a recorded image becomes excessively high
or low in accordance with the type of the recorded me-
dium P for use in recording, a process of converting a
set of image data in accordance with the type of the re-
corded medium P for use in recording has been per-
formed by the PC 21 in a way allowing the PC 21 to use
a driver software program that is an attachment of the
recording apparatus 1, or the like.

[0039] For example, when an image having a high im-
age density is formed by using the recorded medium P
of a type in which each of the ink dots | is hard to spread,
a process of converting pixel data that is originally not to
be used in recording in a pre-conversion set of image
data into pixel data that is to be used in recording in a
post-conversion set of image data has been performed.
More specifically, such a conversion process has been
performed on pixel data that is located in an area sur-
rounding pixel data that is to be used in recording in a
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pre-conversion set of image data. In this regard, howev-
er, when the size of a set of image data is large and/or
the process performance of the PC 21 for use in such a
conversion process is low, a large amount of time has
been required to fully perform such a conversion process
on a set of image data. In addition, each of Figs. 4A, 4B,
5A, and 5B illustrates a state in which recording is per-
formed by using both the second nozzle N from the top
one of six nozzles N of the recording head 7 and the
second nozzle N from the bottom one of the six nozzles
N of the recording head 7.

[0040] Here, the recording apparatus 1 according to
this embodiment makes it possible to, without performing
such a conversion process on a set of image data, form
an image such as shown in Figs. 4A and 4B by using the
recorded medium P of a type in which each of the ink
dots | is hard to spread. That is, the recording apparatus
1 according to this embodiment is configured to be ca-
pable of performing recording at a plurality of image den-
sity levels on the basis of only a single set of image data.
[0041] The recording apparatus 1 according to this em-
bodimentincludes the recording head 7 that includes the
nozzles N and is capable of discharging ink through each
of the nozzles N on the basis of image data, and is con-
figured to, when discharging the ink onto the recorded
medium P on the basis of pixel data constituting the im-
age data and corresponding to any one of recording tar-
get pixels, be capable of discharging the ink such that
the ink landed on the recorded medium P indicates a
plurality of image density levels. That is, the recording
apparatus 1 according to this embodiment is configured
to receive a set of image data without causing the PC 21
or the like to convert the set of image data to obtain an
additional set of converted image data, and be capable
of adjusting the image density level of an image formed
on the recorded medium P in accordance with the type
of the recorded medium P for use in recording, and the
like, on the basis of the received set ofimage data. Thus,
the recording apparatus 1 according to this embodiment
is configured to be capable of performing recording at a
plurality of image density levels on the basis of only a
single set of image data.

[0042] Hereinafter, it will be described how the record-
ing apparatus 1 according to this embodiment performs
recording at a plurality of image density levels on the
basis of only a single set of image data.

[0043] As described above, the recording apparatus 1
according to this embodiment is configured to be capable
of performing recording by causing the recording head 7
to reciprocate in the reciprocating direction B relative to
the recorded medium P.

[0044] More specifically, the recording apparatus 1 ac-
cording to this embodiment includes the carriage motor
30 as amovement portion capable of causing the record-
ing head 7 to reciprocate in the reciprocating direction B
via the carriage on which the recording head 7 is mount-
ed. Here, in the recording head 7, there is provided a
nozzle row which extends in the transport direction A and
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in which the plurality of nozzles N, through each of which
ink is able to be discharged, are arranged. That is, the
carriage motor 30 is configured to cause the recording
head 7 to move relative to the recorded medium P in a
direction (corresponding to the reciprocating direction B)
intersecting a nozzle row direction (corresponding to the
transport direction A) in which the nozzles N of the re-
cording head 7 are arranged.

[0045] Further, as shown in Figs. 6A and 6B, the re-
cording apparatus 1 according to this embodiment is ca-
pable of discharging ink through one of the nozzles N a
plurality of times (three times in Figs. 6A and 6B) on the
basis of pixel data corresponding to any one of the re-
cording target pixels, in conjunction with one movement
of the recording head 7 across the width of the recording
medium P (for example, one movement thereof in a di-
rection B1) among reciprocating movements thereof in
the reciprocating direction B. It should be appreciated
thatin this description itis not necessary for the recording
head 7 to traverse across the whole width of the recording
medium P.

[0046] Further,inaddition thereto, as shown in Fig. 6A,
the recording apparatus 1 according to this embodiment
is capable of discharging ink a plurality of times through
one of the six nozzles N composed of, not only both the
second nozzle N from the top one of the six nozzles N
of the recording head 7 and the second nozzle N from
the bottom one of the six nozzles N thereof, but also
remaining ones of the six nozzles N thereof, on the basis
of pixel data corresponding to any one of the recording
target pixels.

[0047] Further, as shown in Figs. 7A and 7B, the re-
cording apparatus 1 according to this embodiment is ca-
pable of discharging ink through one of the nozzles N a
plurality of times on the basis of pixel data corresponding
to any one of recording target pixels, in conjunction with
a plurality of movements of the recording head 7 across
the width of the recording medium P (for example, totally
three movements of the recording head 7, that is, one
movement in the direction B1, one movement in a direc-
tion B2, and one movement in the direction B1) among
the reciprocating movements of the recording head 7 in
the reciprocating direction B. Figs. 7A and 7B illustrate
a state in which, for rows "a", "b", and "c" each consisting
of the ink dots | and extending in a vertical direction in
Fig. 7A, recording is performed on the row "a" during a
movement in the direction B1; the row "b" during a sub-
sequent movement in the direction B2; and the row "c"
during a further subsequent movement in the direction
B1. In this regard, however, the recording apparatus 1
according to this embodiment is also capable of perform-
ing recording in different manners, such as a manner in
which recording is performed on the rows "a" and "c"
during a movement in the direction B1, and the row b in
a subsequent movement in the direction B2.

[0048] Further,inaddition thereto, as shownin Fig. 7A,
the recording apparatus 1 according to this embodiment
is also capable of discharging ink a plurality of times
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through one of the nozzles N composed of, not only both
the second nozzle N from the top one of the six nozzles
N of the recording head 7 and the second nozzle N from
the bottom one of the six nozzles thereof, but also re-
maining ones of the six nozzles N thereof, on the basis
of pixel data corresponding to any one of recording target
pixels.

[0049] In addition, in the case where, as shown in Figs.
6A and 6B, ink is discharged through one of the nozzles
a plurality of times N on the basis of pixel data corre-
sponding to any one of recording target pixels in conjunc-
tion with one movement of the recording head 7 among
reciprocating movements thereof in the reciprocating di-
rection B, a discharge failure is likely to occur when the
discharging frequency of discharging through each of the
nozzles N (i.e., a frequency at which ink is discharged
through each of the nozzles N) is made excessively high.
In general, in order to discharge ink through each of the
nozzles N at an appropriate discharging frequency, it is
required to supply a voltage to a corresponding recording
element such that the supplied voltage forms an appro-
priate waveform shown in Fig. 3. For this reason, it is
required to cause the discharging frequency to be a fre-
quency at which an appropriate waveform can be main-
tained, that is, a wavelength having an appropriate length
can be maintained.

[0050] Thus, in the recording apparatus 1 according to
this embodiment, when ink is discharged through one of
the nozzles N on the basis of pixel data corresponding
to any one of recording target pixels during one move-
ment of the recording head 7, in a case where the ink is
discharged at a plurality of times (refer to Figs. 6A and
6B), the carriage motor 30 moves the recording head 7
so as to make the speed of the movement of the recording
head 7 in the reciprocating direction B lower, as com-
pared with a case where the ink is discharged only once
(refer to Figs. 5A and 5B), under the control of the control
portion 23.

[0051] Specifically, when the speed of the movement
of the recording head 7 in the case where, as shown in
Fig. 5B, ink is discharged only once through one of the
nozzles Nisrepresented by v, the speed of the movement
of the recording head 7 in the case where, as shown in
Fig. 6B, ink is discharged at a plurality of times through
the one of the nozzles N is made v/3. In this manner,
when the liquid is discharged on the basis of the pixel
data corresponding to any one of recording target pixels,
even in the case where the liquid is discharged a plurality
of times through an identical one of the nozzles N during
one pass, the occurrence of a discharge failure is sup-
pressed by making an adjustment so as to lower the
speed of the movement of the recording head 7 and
thereby suppress the discharging frequency from be-
coming high.

[0052] Further, in the recording apparatus 1 according
to this embodiment, as shown in Figs. 7A and 7B, when
ink is discharged on the basis of pixel data corresponding
to any one of recording target pixels, in a case where the
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ink is discharged a plurality of times through one of the
nozzles N, the carriage motor 30 is capable of moving
the recording head 7 a plurality of times under the control
of the control portion 23. That s, the recording apparatus
1 according to this embodiment is configured to, when
discharging ink a plurality of times through one of the
nozzles N on the basis of pixel data corresponding to any
one of recording target pixels, be capable of performing
recording in a so-called multi-pass recording method.
Thus, the recording apparatus 1 according to this em-
bodiment is configured to, when discharging ink a plural-
ity of times through an identical one of the nozzles N on
the basis of pixel data corresponding to any one of re-
cording target pixels, be capable of suppressing the oc-
currence of a discharge failure by performing recording
in the multi-pass recording method, and thereby making
an adjustment that suppresses the discharging frequen-
cy from becoming high without lowering the speed of the
movement of the recording head 7.

[0053] Further, as shown in Figs. 6A to 7B, the record-
ing apparatus 1 according to this embodiment is config-
ured to, when discharging ink a plurality of times from
the recording head 7 on the basis of pixel data corre-
sponding to any one of recording target pixels, be capable
of discharging the ink through each of plural ones of the
nozzles N. Specifically, in Figs. 5A and 5B, nozzles for
use in recording are only the second nozzle N from the
top one of the six nozzles N of the recording head 7 and
the second nozzle N from the bottom one of the six noz-
zles N thereof; while in contrast, in Figs. 6A to 7B, nozzles
for use in recording include, not only the second nozzle
N from the top one of the six nozzles of the recording
head 7 and the second nozzle N from the bottom one of
the six nozzles thereof, but also remaining ones of the
six nozzles N of the recording head 7. More specifically,
recording operations each based on pixel data associat-
ed with a corresponding one of address numbers 1, 2,
3, and 4 are performed by using three nozzles N up to a
third nozzle N from the top one of the six nozzles N of
the recording head 7, and recording operations each
based on pixel data associated with a corresponding one
of address numbers 5, 6, 7, and 8 are performed by using
three nozzles N up to a third nozzle N from the bottom
one of the six nozzles N of the recording head 7. The
recording apparatus 1 according to this embodiment is
configured to be capable of performing such recording
operation described above, and thus, is capable of per-
forming recording at a plurality of image density levels
on the basis of pixel data corresponding to any one of
recording target pixels by using plural ones of the nozzles
N.

[0054] Further, as shown in Figs. 6A to 7B, the record-
ing apparatus 1 according to this embodiment is config-
ured to, when discharging ink a plurality of times from
the recording head 7 on the basis of pixel data corre-
sponding to any one of recording target pixels, discharge
the ink such that the landing position of the ink on the
recorded medium P at each of the plurality of times differs
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from the landing position of the ink on the recorded me-
dium P at any other of the plurality of times.

[0055] When ink is discharged at a plurality of times
from the recording head 7 on the basis of pixel data cor-
responding to any one of recording target pixels, in a
case where the landing position of the ink at each of the
plurality of times differs from the landing position of the
ink at any other of the plurality of times, the image density
level of an image formed on the recorded medium P can
be effectively made higher, as compared with a case
where the landing position of the ink at each of the plu-
rality of times is the same position. Thus, the recording
apparatus 1 according to this embodiment makes it pos-
sible effectively to perform recording at a plurality of im-
age density levels on the basis of only a single set of
image data. Inthisregard, however, the presentinvention
is not limited to such a configuration, and the configura-
tion may be made such that, when ink is discharged at
a plurality of times from the recording head 7 on the basis
of pixel data corresponding to any one of recording target
pixels, the inkis discharged such that the landing position
of the ink on the recorded medium P at each of the plu-
rality of times becomes the same position.

[0056] Inaddition, the recording apparatus 1 according
to this embodiment is configured such that, under the
recording control shown in Figs. 6A to 7B, recording is
performed on the basis of only a single set of image data
at an image density level that is nine times the image
density level under the recording control shown in Figs.
5A and 5B (i.e., three times the relevant image density
level in the reciprocating direction B and three times the
relevant image density level in the transport direction A).
In addition to such a recording control method, however,
it is also possible to employ a different recording control
method that makes it possible to perform recording at an
image density level that is other than the nine times the
relevant image density level, and also or instead an im-
age density level that is plural times the relevant image
density level in only a single direction that is any one of
the reciprocating direction B and the transport direction
A, on the basis of only a single set of image data. Alter-
natively, the image density level may vary in the recipro-
cating direction B and the transport direction A.

[0057] Itis to be noted, here, that the invention is not
limited to the aforementioned embodiment, and various
modifications can be made within a scope ofthe invention
set forth in appended claims, but, naturally, the modifi-
cations are also included in the scope of the invention.
[0058] Hereinbefore,the invention has been described
in detail on the basis of the specific embodiment. Here,
the invention will be summarized and described once
again.

[0059] A recording apparatus 1 according to a first as-
pect of the invention includes a recording head 7 that
includes a nozzle N and discharges liquid through the
nozzle N on the basis of image data, and when the re-
cording head discharges the liquid onto a recorded me-
dium P on the basis of pixel data constituting the image
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data and corresponding to any one of recording target
pixels, the liquid is discharged such that the liquid landed
on the recorded medium P indicates any one of a plurality
of image density levels.

[0060] According to this aspect, the recording appara-
tus 1 includes the recording head 7 thatincludes the noz-
zle N and discharges liquid through the nozzle N on the
basis of image data, and is configured to, when discharg-
ing the liquid from the recording head 7 onto the recorded
medium P on the basis of pixel data constituting the im-
age data and corresponding to any one of recording tar-
get pixels, be capable of discharging the liquid such that
the liquid landed on the recorded medium P indicates
any one of a plurality of image density levels. That is, the
recording apparatus 1 according to this aspect is config-
ured to receive a set of image data without causing the
PC 21 or the like to convert the set ofimage data to obtain
an additional set of convertedimage data, and be capable
of adjusting the image density level of an image formed
on the recorded medium P in accordance with the type
of the recorded medium P for use in recording, and the
like, on the basis of the received set ofimage data. Thus,
it becomes possible to perform recording at a plurality of
image density levels on the basis of only a single set of
image data.

[0061] According to a second aspect of the invention,
in the first aspect, the recording apparatus 1 further in-
cludes a movement portion 30 that causes the recording
head 7 to move relative to the recorded medium P in a
direction intersecting a nozzle row direction in which a
plurality of the nozzles N are arranged, and when the
recording head 7 discharges the liquid onto the recorded
medium P on the basis of the pixel data corresponding
to any one of the recording target pixels, in a case where
the liquid is discharged at a plurality of times through one
of the nozzles N during one movement of the recording
head 7, the movement portion 30 makes a speed of the
movement of the recording head 7 lower, as compared
with a case where the liquid is discharged only once
through the one of the nozzles N during the one move-
ment of the recording head 7.

[0062] In general, with respect to a discharging fre-
quency (i.e., afrequency at which the liquid is discharged
through each of the nozzles N), there is a preferable fre-
quency range in accordance with the type of ink for use
in recording, a nozzle diameter, and the like. Thus, when
the number of discharging operations during one move-
ment of the recording head 7 (i.e., during so-called one
pass)isincreased and thereby the discharging frequency
is made high, a discharge failure is likely to occur.
[0063] According to this embodiment, the recording
apparatus 1 includes the movement portion 30 that caus-
es the recording head 7 to move relative to the recorded
medium P in a direction intersecting a nozzle row direc-
tion in which the plurality of nozzles N are arranged. Fur-
ther, when the recording head 7 discharges the liquid
onto the recorded medium P on the basis of pixel data
corresponding to any one of recording target pixels, in a
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case where the liquid is discharged at a plurality of times
through one of the nozzles N during one pass, the move-
ment portion 30 is capable of moving the recording head
7 so as to make the speed of the movement of the re-
cording head 7 lower, as compared with a case where
the liquid is discharged only once through the one of the
nozzles N during the one pass. Thus, when the recording
head 7 discharges the liquid onto the recorded medium
P on the basis of the pixel data corresponding to any one
of the recording target pixels, even in the case where the
liquid is discharged at a plurality of times through an iden-
tical one of the nozzles N during one pass, it is possible
to suppress the occurrence of a discharge failure by mak-
ing an adjustment so as to lower the speed of the move-
ment of the recording head 7 and thereby suppress the
discharging frequency from becoming high.

[0064] According to a third aspect of the invention, in
the first aspect, the recording apparatus 1 further in-
cludes a movement portion 30 that causes the recording
head 7 to move relative to the recorded medium P in a
direction intersecting a nozzle row direction in which a
plurality of the nozzles N are arranged, and when the
recording head discharges the liquid onto the recorded
medium P on the basis of the pixel data corresponding
to any one of the recording target pixels, in a case where
the liquid is discharged at a plurality of times through one
of the nozzles N, the movement portion 30 causes the
recording head 7 to move at a plurality of times.

[0065] According to this embodiment, the recording
apparatus 1includes the movement portion 30 that caus-
es the recording head 7 relative to the recorded medium
P in a direction intersecting a nozzle row direction in
which the plurality of nozzles N are arranged. Further,
when the recording head 7 discharges the liquid onto the
recorded medium P on the basis of the pixel data corre-
sponding to any one of the recording target pixels, in a
case where the liquid is discharged at a plurality of times
through one of the nozzles N, the movement portion 30
causes the recording head 7 to move at a plurality of
times (that is, the movement portion 30 causes the re-
cording head 70 to perform recording in a so-called multi-
pass recording method). Thus, when the recording head
7 discharges the liquid onto the recorded medium P on
the basis of the pixel data corresponding to any one of
the recording target pixels, in the case where the liquid
is discharged at a plurality of times through an identical
one of the nozzles N, it is possible to suppress the oc-
currence of a discharge failure by causing the recording
head 7 to perform recording in the multi-pass recording
method and thereby making an adjustment that sup-
presses the discharging frequency from becoming high
without lowering the speed of the movement of the re-
cording head 7.

[0066] According to a fourth aspect of the invention, in
the first aspect, the recording apparatus 1 further in-
cludes a movement portion 30 that causes the recording
head 7 to move relative to the recorded medium P in a
direction intersecting a nozzle row direction in which a
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plurality of the nozzles N are arranged, and in any one
of the first to third aspects, when the recording head 7
discharges the liquid onto the recorded medium P on the
basis of the pixel data corresponding to any one of the
recording target pixels, in a case where the liquid is dis-
charged at a plurality of times from the recording head
7, the liquid is discharged through each of plural ones of
the nozzles N.

[0067] According to this embodiment, the recording
apparatus 1 includes the movement portion 30 that caus-
es the recording head 7 to move relative to the recorded
medium P in a direction intersecting a nozzle row direc-
tion in which the plurality of nozzles N are arranged. Fur-
ther, the recording apparatus 1 is configured to, when
discharging the liquid at a plurality of times from the re-
cording head 7 onto the recorded medium P on the basis
of the pixel data corresponding to any one of the record-
ing target pixels, be capable of discharging the liquid
through each of plural ones of the nozzles N. Thus, it
becomes possible to perform recording at a plurality of
image density levels on the basis of only a single set of
pixel data by using plural ones of the plurality of nozzles
N.

[0068] According to a fifth aspect of the invention, in
any one of the first to fourth aspects, when the recording
head discharges the liquid onto the recording medium P
on the basis of the pixel data corresponding to any one
of the recording target pixels, in a case where the liquid
is discharged at a plurality of times from the recording
head 7, a landing position of the liquid on the recorded
medium P at each of the plurality of times differs from a
landing position of the liquid on the recorded medium P
at any other of the plurality of times.

[0069] According to this embodiment, the recording
apparatus 1 is configured to, when discharging the liquid
at a plurality of times from the recording head 7 on the
basis of the pixel data corresponding to any one of the
recording target pixels, be capable of causing the landing
position of the liquid on the recorded medium P at each
of the plurality of times to differ from the landing position
of the liquid on the recorded medium P at any other of
the plurality of times. When the recording head 7 dis-
charges the liquid at a plurality of times on the basis of
the pixel data corresponding to any one of the recording
target pixels, the configuration that causes the landing
position of the liquid on the recorded medium P at each
of the plurality of times to differ from the landing position
of the liquid on the recorded medium P at any other of
the plurality of times makes it possible effectively to make
the image density level of an image formed on the re-
corded medium P higher, as compared with a configura-
tion that causes the landing position of the liquid on the
recorded medium P at each of the plurality of times to be
the same position. Thus, it becomes possible effectively
to perform recording at a plurality of image density levels
on the basis of only a single set of image data.

[0070] The foregoing description has been given by
way of example only and it will be appreciated by a person
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skilled in the art that modifications can be made without
departing from the scope of the present invention as de-
fined by the claims.

Claims
1. A recording apparatus (1) comprising:

a recording head (7) that includes a nozzle (N)
and is configured to discharge liquid through the
nozzle on the basis of image data,

the recording apparatus being configured
such that, when the recording head dis-
charges the liquid onto a recorded medium
(P) on the basis of pixel data constituting
the image data and corresponding to any
one of recording target pixels, the liquid is
discharged such that the liquid landed on
the recorded medium indicates any one of
a plurality of image density levels.

2. Therecording apparatus according to claim 1 further
comprising a movement portion (30) configured to
cause the recording head to move relative to the re-
corded medium in a direction (B) intersecting a noz-
zle row direction (A) in which a plurality of the nozzles
are arranged,
the recording apparatus being configured such that,
when the recording head discharges the liquid onto
the recorded medium on the basis of the pixel data
corresponding to any one of the recording target pix-
els, inacase where the liquid is discharged a plurality
of times through one of the nozzles during one move-
ment of the recording head, the movement portion
makes a speed of the movement of the recording
headlower, as compared with a case where the liquid
is discharged only once through the one of the noz-
zles during the one movement of the recording head.

3. Therecording apparatus according to claim 1 further
comprising a movement portion (30) configured to
cause the recording head to move relative to the re-
corded medium in a direction (B) intersecting a noz-
zle row direction (A) in which a plurality of the nozzles
are arranged,
the recording apparatus being configured such that,
when the recording head discharges the liquid onto
the recorded medium on the basis of the pixel data
corresponding to any one of the recording target pix-
els,inacase where the liquid is discharged a plurality
of times through one of the nozzles, the movement
portion causes the recording head to move at a plu-
rality of times.

4. Therecording apparatus according to claim 1 further
comprising a movement portion (30) configured to
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cause the recording head to move relative to the re-
corded medium in a direction (B) intersecting a noz-
zle row direction (A) in which a plurality of the nozzles
are arranged,

the recording apparatus being configured such that,
when the recording head discharges the liquid onto
the recorded medium on the basis of the pixel data
corresponding to any one of the recording target pix-
els, inacase where the liquid is discharged a plurality
of times from the recording head, the liquid is dis-
charged through each of plural ones of the nozzles.

The recording apparatus according to any one of the
preceding claims, the recording apparatus being
configured such that, when the recording head dis-
charges the liquid onto the recorded medium on the
basis of the pixel data corresponding to any one of
the recording target pixels, in a case where the liquid
is discharged a plurality of times from the recording
head, a landing position of the liquid on the recorded
medium (P) at each of the plurality of times differs
from a landing position of the liquid on the recorded
medium at any other of the plurality of times.
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