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(54) PRINTING APPARATUS AND PRINTING METHOD

(57)  Aprinting apparatus includes a head capable of
discharging liquids toward a medium. The liquids include
a colored ink and a functional liquid that promotes pen-
etration of the colored ink. The printing apparatus has a
normal mode to print a front face of the medium with the
colored ink, and a bleed-through mode to print the front
and reverse of the medium by printing the front face of

FIG. 6

the medium with the colored ink and using the functional
liquid to cause the discharged colored ink to penetrate
toward the reverse face of the medium. When printing in
the normal mode, the colored ink and the functional liquid
are used for forming regions having a specific lightness
or greater.
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Description
BACKGROUND
1. Technical Field

[0001] The present invention relates to a printing ap-
paratus and a printing method.

2. Related Art

[0002] Ink jet printing apparatuses have hitherto been
employed to print images or the like on a medium by
discharging aliquid such as ink from a head that includes
plural nozzle rows toward a medium. Technology is pro-
posed for such printing apparatuses to ameliorate grain-
iness of highlight areas. For example, JP-A-2009-17133
describes an image processing method for computation
of dither and randomization of dither by quantization
processing, in which the image processing method fol-
lows quantization processing independently to dot
ON/OFF determination.

[0003] However, a printing apparatus that prints on a
medium such as cloth needs to cover diverse types of
medium. Inthe image processing method following quan-
tization processing determination of JP-A-2009-17133,
halftone processing is executed, and so there is a con-
cern that the graininess of highlight areas will worsen
when printing on a medium that was not previously an-
ticipated.

SUMMARY

[0004] Some aspects of the invention can be realized
as the following embodiments/application examples.

Application Example 1

[0005] A printing apparatus according to Application
Example 1 is a printing apparatus that includes a head
capable of discharging liquids toward a medium, with the
liquids including a colored ink and a functional liquid that
promotes penetration of the colored ink. The printing ap-
paratus includes a normal mode to print a front face of
the medium with the colored ink, and a bleed-through
mode to print the front and reverse of the medium by
printing the front face of the medium with the colored ink
and using the functional liquid to cause the discharged
colored ink to penetrate toward the reverse face of the
medium. When printing in the normal mode, the colored
ink and the functional liquid are used for forming in re-
gions having a specific lightness or greater.

[0006] In this case, the printing apparatus uses the
colored ink and the functional liquid for forming in regions
having the specific lightness or greater in normal mode.
The regions having the specific lightness or greater have
only a small colored ink discharge amount, and so there
is worse graininess, in which portions of the medium are
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not dyed and dots formed on the medium are visible as
spots. In this case, the functional liquid is discharged in
addition to the colored ink in the regions having the spe-
cific lightness or greater, and so the colored ink soaks
into and wets out the surface of the medium. This enables
the graininess of the regions having the specific lightness
or greater to be ameliorated.

Application Example 2

[0007] It is preferable that the printing apparatus in-
cludes an input unit, wherein the specific lightness can
be changed by input through the input unit.

[0008] It is preferable that the printing apparatus in-
cludes the input unit for input of print conditions and the
like by a user. The visibility of graininess differs according
to the type of medium. However, the specific lightness
can be changed by input through the input unit for the
highlight areas where the functional liquid is to be dis-
charged so as to ameliorate graininess, and this enables
the graininess to be ameliorated for a wide variety of me-
dia.

Application Example 3

[0009] Itis preferable that, in the printing apparatus, a
discharge amount of the functional liquid to be dis-
charged on regions of the specific lightness or greater
can be changed by input through the input unit.

[0010] In this case, in the printing apparatus, the dis-
charge amount of the functional liquid to be discharged
in order to ameliorate the graininess of the regions having
the specific lightness or greater can be changed by input
operation to the input unit by a user. This enables fine
adjustment to the degree of graininess amelioration
based on a printed image.

Application Example 4

[0011] A printing apparatus according to the present
Application Example includes a head capable of dis-
charging liquids toward a medium, with the liquids includ-
ing a colored ink and a functional liquid that promotes
penetration of the colored ink. The printing apparatus in-
cludes a normal mode to print a front face of the medium
with the colored ink, and a bleed-through mode to print
the front and reverse of the medium by printing the front
face of the medium with the colored ink and using the
functional liquid to cause the discharged colored ink to
penetrate toward the reverse face of the medium. When
printing in the normal mode, the functional liquid is dis-
charged onto regions in which a discharge amount of the
colored ink is less than a specific value.

[0012] In this case, the printing apparatus discharges
functional liquid onto regions where the colored ink dis-
charge amount in the normal mode is less than the spe-
cific value. In the regions where the colored ink discharge
amount is less than the specific value, there is worse
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graininess, where portions of the medium are not dyed
and dots formed on the medium are visible as spots. In
this case, the functional liquid is discharged onto these
regions, and so the colored ink soaks into and wets out
the surface of the medium. This enables graininess to be
ameliorated in the regions where the colored ink dis-
charge amount is less than the specific value.

Application Example 5

[0013] It is preferable that the printing apparatus in-
cludes an input unit, and the specific value can be
changed by input through the input unit.

[0014] In this case the input unit for input of print con-
ditions and the like by auseris included. Visibility of grain-
iness differs according to the type of medium, however,
the graininess is ameliorated by discharging the function-
al liquid. Thus, the regions where the colored ink dis-
charge amount is less than the specific value can be
changed by the specific value being input through the
input unit, thereby enabling graininess to be ameliorated
for a wide variety of media.

Application Example 6

[0015] A printing method according to the present Ap-
plication Example is a printing method for a printing ap-
paratus including a head capable of discharging liquids
toward a medium. The liquids include a colored ink and
a functional liquid that promotes penetration of the color-
ed ink. The printing apparatus includes a normal mode
to print a front face of the medium with the colored ink,
and a bleed-through mode to print the front and reverse
of the medium by printing the front face of the medium
with the colored ink and using the functional liquid to
cause the discharged colored ink to penetrate toward the
reverse face of the medium. The printing method in-
cludes, when printing in the normal mode: a region de-
termination process that determines whether or not a re-
gion has a specific lightness or greater; and a discharge
condition change process that changes a discharge con-
dition for a region having the specific lightness or greater
from a discharge condition to discharge the colored ink
to a discharge condition to discharge the colored ink and
the functional liquid.

[0016] Inthiscase, aregiondetermination process that
determines whether or not a region has a specific light-
ness or greater, and a discharge condition change proc-
ess that changes a discharge condition for a region hav-
ing the specific lightness or greater from a discharge con-
dition to discharge the colored ink alone to a discharge
condition to discharge the colored ink and the functional
liquid, are included. The highlight areas only have a small
colored ink discharge amount, and so there is worse
graininess, in which portions of the medium are not dyed
and dots formed on the medium are visible as spots. In
this case, in the regions having the specific lightness or
greater, discharge is performed by a discharge condition
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to discharge the colored ink and the functional liquid, so
that the colored ink soaks into and wets out the surface
of the medium. This enables the graininess of the regions
having the specific lightness or greater to be ameliorated.

Application Example 7

[0017] It is preferable that in the discharge condition
change process of the printing method, the discharge
condition is changed based on the lightness.

[0018] In this case, the discharge condition is changed
based on the lightness. More precisely, the discharge
condition for the colored ink and the functional liquid is
changed to a discharge condition that obtains substan-
tially the same lightness to the lightness that would be
obtained when the colored ink alone is discharged. This
enables graininess to be ameliorated while also repro-
ducing a color of substantially the same brightness (light-
ness).

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] 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 diagram illustrating an overall
schematic configuration of a printing apparatus ac-
cording to a first embodiment.

Fig. 2 is an electrical block diagram illustrating an
electrical configuration of a printing apparatus.

Fig. 3is an explanatory diagram of image processing
to print an image.

Fig.4isadiagramtoillustrate an example of a printed
image in which graininess is not visible.
Fig.5isadiagramtoillustrate an example of a printed
image in which graininess is visible.

Fig. 6 is a graininess table illustrating regions where
graininess is visible.

Fig. 7is alightness table, indicating lightness of print-
ed images, in a printing apparatus according to a
second embodiment.

Fig. 8is a conversion table to convert discharge con-
ditions.

Fig. 9 is a flow chart indicating a printing method.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0020] Embodiments of the invention will now be de-
scribed, with reference to the drawings. Note that each
layer and each member in the accompanying drawings
has been enlarged so as to be made visible, and so the
scale of each layer and each member differs from their
actual scaling.

[0021] For ease of explanation, an X axis, a Y axis,
and a Z axis are illustrated as three mutually orthogonal
axes in Fig. 1, with arrows illustrating the directions of
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these axes each having a leading end side indicating a
"+ side", and having a base end side indicating a "- side".
Directions parallel to the X axis are referred to as "X axis
directions", directions parallel to the Y axis are referred
to as "Y axis directions", and directions parallel to the Z
axis are referred to as "Z axis directions".

First Embodiment

[0022] Fig. 1 is a schematic diagram illustrating an
overall schematic configuration of a printing apparatus
according to a first embodiment. First, a schematic con-
figuration of a printing apparatus 100 according to the
present embodiment will be described, with reference to
Fig. 1. Note that in the present embodiment, an example
of an ink jet printing apparatus 100 that prints a medium
95 by forming an image or the like on the medium 95 will
be described.

[0023] As illustrated in Fig. 1, the printing apparatus
100includes animage processing device 110 thatis input
with various print conditions and generates print data.
[0024] The image processing device 110 includes a
printer controller 111, an input section 112, adisplay sec-
tion 113, and the like. The printer controller 111 controls
the input section 112 and the display section 113, and
performs print job control to perform printing with the
printing apparatus 100. The printer controller 111 per-
forms overall control of the printing apparatus 100 in co-
ordination with a controller 1 of the printing apparatus
100. The display section 113 is configured by, for exam-
ple, a liquid crystal display. Various information is dis-
played on the display section 113. The input section 112
is configured by various hardware keys, a touch panel
provided on the front face of the display section 113 (lig-
uid crystal display), or the like. The display section 113
displays selection options for various commands using
graphical user interface (GUI) buttons or the like, and a
user inputs the various commands by selecting com-
mands using the input section 112.

[0025] The printing apparatus 100 also includes a me-
dium transport unit 20, a medium adhering unit 60, a print-
ing unit 40, a drying unit 27, a cleaning unit 50, and the
like. The printing apparatus 100 is provided with the con-
troller 1 to control these units. Each of the units of the
printing apparatus 100 is attached to a frame unit 92.
[0026] The medium transport unit 20 transports the
medium 95 along a transport direction (the +X axis di-
rection in the printing unit 40). The medium transport unit
20 includes a medium feed unit 10, transport rollers 21,
22, a transport belt 23, a belt rotation roller 24, a belt
drive roller 25, transport rollers 26, 28, and a medium
collection unit 30. First, description follows regarding a
transport path of the medium 95 from the medium feed
unit 10 to the medium collection unit 30. Note that in the
present embodiment, the direction of gravity is the Z axis,
the direction the medium 95 is transported in the printing
unit 40 is the X axis, and a width direction of the medium
95 intersecting with both the Z axis and the X axis is the
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Y axis.

[0027] The medium feed unit 10 feeds the medium 95
to form animage on to the printing unit40. A woven fabric
or nonwoven fabric formed from natural fibers, cotton,
silk, flax, mohair, wool, Kashmir, recycled fibers, synthet-
ic fibers, nylon, polyurethane, polyester, and mixtures
thereof, for example, may be employed as the medium
95. The woven fabric and the nonwoven fabric may be
coated with a pretreatment agent in order to enhance
color development and adhesion properties. The medi-
um feed unit 10 includes a feed shaft 11 and shaft bear-
ings 12. The feed shaft 11 is formed in a cylindrical tube
or circular bar shape, and is provided so as to be rotatable
in a circumferential direction. The strip shaped medium
95 is wound in roll form around the feed shaft 11. The
feed shaft 11 is detachably mounted to the shaft bearings
12. This enables the medium 95 in a pre-wound state on
the feed shaft 11 to be mounted to the shaft bearings 12
together with the feed shaft 11. Note that the take-up
direction and the rotation direction of the medium 95 re-
tained on the feed shaft 11 are merely examples thereof,
and there is no limitation thereto. A configuration may be
adopted in which the feed shaft 11 is rotated in the op-
posite direction so as to feed out a medium 95 from a roll
that has been wound with a recording face of the medium
95 on the inside.

[0028] The shaft bearings 12 rotatably support the two
axial direction ends of the feed shaft 11. The medium
feed unit 10 includes a rotational drive unit (not illustrated
in the drawings) to rotationally drive the feed shaft 11.
The rotational drive unit rotates the feed shaft 11 in a
direction to feed out the medium 95. The operation of the
rotational drive unit is controlled by the controller 1. The
transport rollers 21, 22 relay the medium 95 from the
medium feed unit 10 to the transport belt 23.

[0029] The transport belt 23 transports the medium 95
inthe transportdirection (+X axis direction). The transport
belt 23 is formed in an endless belt shape in which the
two ends of a strip shaped belt are connected together,
and the transport belt 23 is threaded on the belt rotation
roller 24 and the belt drive roller 25. The transport belt
23 is held in a state in which a predetermined tension
acts such that the portion of the transport belt 23 between
the belt rotation roller 24 and the belt drive roller 25 is
parallel to a floor surface 99. An adhesive layer 29 to
adhere the medium 95 is provided on a front face (support
face) 23a of the transport belt 23. The transport belt 23
supports (retains) the medium 95 fed from the transport
roller 22 and adhered to the adhesive layer 29 by the
medium adhering unit 60, described later. This enables
stretchable fabrics and the like to be employed as the
medium 95.

[0030] The beltrotationroller 24 and the beltdrive roller
25 support the inner peripheral face 23b of the transport
belt 23. Note that a configuration may be adopted in which
a support section to support the transport belt 23 is pro-
vided between the belt rotation roller 24 and the belt drive
roller 25.
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[0031] The belt drive roller 25 includes a motor (not
illustrated in the drawings) to rotationally drive the belt
drive roller 25. When the belt drive roller 25 is rotationally
driven, the transport belt 23 is rotated accompanying ro-
tation of the belt drive roller 25, and the belt rotation roller
24 is rotated by the rotation of the transport belt 23. The
medium 95 supported by the transport belt 23 is trans-
ported in the predetermined transport direction (the +X
axis direction) by the rotation of the transport belt 23, and
an image is formed on the medium 95 by the printing unit
40, as described later.

[0032] In the present embodiment, on the side where
the frontface 23a of the transport belt 23 faces the printing
unit 40 (the +Z axis side), the medium 95 is supported
thereon and the medium 95 is transported together with
the transport belt 23 from the belt rotation roller 24 side
to the belt drive roller 25 side (in the +X axis direction).
Moreover, on the side where the front face 23a of the
transport belt 23 faces the cleaning unit 50 (the -Z axis
side), the transport belt 23 alone is moved from the belt
drive roller 25 side to the belt rotation roller 24 side (in
the -X axis direction). Note that although the transport
belt 23 is described as having the adhesive layer 29 to
adhere the medium 95, there is no limitation thereto. For
example, the transport belt may be an electrostatic trans-
port belt that adheres the medium to a belt electrostati-
cally.

[0033] The transport roller 26 releases the image-
formed medium 95 from the adhesive layer 29 of the
transport belt 23. The transport rollers 26, 28 relay the
medium 95 from the transport belt 23 to the medium col-
lection unit 30.

[0034] The medium collection unit 30 collects the me-
dium 95 transported by the medium transport unit 20.
The medium collection unit 30 includes a take-up shaft
31 and shaft bearings 32. The take-up shaft 31 is formed
in a cylindrical tube or circular bar shape, and is provided
so as to be rotatable in a circumferential direction. The
strip shaped medium 95 is taken up in a roll shape on
the take-up shaft 31. The take-up shaft 31 is detachably
mounted to the shaft bearings 32. The medium 95 in a
state taken up on the take-up shaft 31 can thereby be
removed together with the take-up shaft 31.

[0035] The shaft bearings 32 rotatably support the two
axial direction ends of the feed shaft 31. The medium
collection unit 30 includes a rotational drive unit (not il-
lustrated in the drawings) to rotationally drive the take-
up shaft 31. The rotational drive unit rotates the take-up
shaft 31 in the direction to take-up the medium 95. The
operation of the rotational drive unit is controlled by the
controller 1. Note that the take-up direction and the rota-
tion direction of the medium 95 retained on the medium
collection unit 30illustrated in Fig. 1 are merely examples
thereof, and there is no limitation thereto. A configuration
may be adopted in which the take-up shaft 31 is rotated
in the opposite direction, and the medium 95 is taken up
with the recording face on the inside.

[0036] Next, description follows regarding each of the
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units provided along the medium transport unit 20.
[0037] The medium adhering unit 60 adheres the me-
dium 95 to the transport belt 23. The medium adhering
unit 60 is provided upstream (on the -X axis side) of the
printing unit 40. The medium adhering unit 60 includes
a press roller 61, a press roller driver 62, and a roller
support 63. The press roller 61 is formed in a cylindrical
tube or circular bar shape, and is provided so as to be
rotatable in a circumferential direction. The press roller
61 is disposed with its axial direction intersecting with the
transport direction, so as to rotate in a direction along the
transport direction. The roller support 63 is provided on
the inner peripheral face 23b side of the transport belt
23, so as to face the press roller 61 across the transport
belt 23.

[0038] While pressing the press roller 61 downward in
the vertical direction (toward the -Z axis side), the press
roller driver 62 moves the press roller 61 in the transport
direction (the +X axis direction), and in the opposite di-
rection to the transport direction (the -X axis direction).
The medium 95 superimposed on the transport belt 23
is pressed againstthe transportbelt 23 between the press
roller 61 and the roller support 63. This enables the me-
dium 95 to be reliably adhered to the adhesive layer 29
provided on the front face 23a of the transport belt 23,
and enables the medium 95 to be prevented from lifting
up off the transport belt 23.

[0039] The drying unit 27 is provided between the
transport roller 26 and the transport roller 28. The drying
unit 27 dries ink discharged onto the medium 95. The
drying unit 27 includes, for example, an IR heater, and
ink that has been discharged onto the medium 95 can
be dried in a short period of time by driving the IR heater.
This enables the strip shaped medium 95 formed with an
image or the like to be taken up on the take-up shaft 31.
[0040] The cleaning unit 50 cleans the transport belt
23. The cleaning unit 50 is configured by a cleaning sec-
tion 51, a pressing section 52, and a moving section 53.
The moving section 53 moves the cleaning unit 50 as an
integrated unit along the floor surface 99, and is able to
fix the cleaning unit 50 at a predetermined position. The
cleaning unit 50 is disposed between the belt rotation
roller 24 and the belt drive roller 25 in the X axis direction.
[0041] The pressing section 52 is, for example, a rais-
ing-lowering device configured by air cylinders 56 and
ball bushings 57, and is able to move the cleaning section
51 provided above the pressing section 52 to a cleaning
position and a retracted position. The cleaning position
is a position where a cleaning roller 58 and a blade 55
contact the transport belt 23. The retracted position is a
position where the cleaning roller 58 and the blade 55
are separated from the transport belt 23. The cleaning
section 51 cleans the front face 23a (support face) of the
transport belt 23 from below (the -Z axis direction) at the
cleaning position, in a state in which a predetermined
tension acts on the transport belt 23 entrained between
the belt rotation roller 24 and the belt drive roller 25. Note
that Fig. 1 illustrates a case in which the cleaning section
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51 has been raised and disposed at the cleaning position.
[0042] The cleaning section 51includes a cleaner tank
54, a cleaning roller 58, and a blade 55. The cleaner tank
54 is a tank holding cleaning liquid used to clean ink and
other matter adhered to the front face 23a of the transport
belt 23. The cleaning roller 58 and the blade 55 are in-
stalled inside the cleaner tank 54. Water or a water sol-
uble solvent (such an aqueous alcohol solution) may, for
example, be employed as the cleaning liquid, and a sur-
factant or anti-foaming agent may be added to the clean-
ing liquid if required.

[0043] The lower side (the -Z axis side) of the cleaning
roller 58 is immersed in the cleaning liquid stored in the
cleaner tank 54. The cleaning liquid is supplied to the
front face 23a of the transport belt 23 by the rotation of
the cleaning roller 58 at the cleaning position, with the
cleaning roller 58 and the transport belt 23 sliding against
each other. Ink, fibers of the cloth serving as the medium
95, and the like that has become adhered to the transport
belt 23 are thereby removed by the cleaning roller 58.
[0044] The blade 55 may, for example, be formed by
a flexible material such as silicone rubber. The blade 55
is provided downstream of the cleaning roller 58 in the
transport direction of the transport belt 23. Any cleaning
liquid remaining on the front face 23a of the transport belt
23 is removed by the sliding action between the transport
belt 23 and the blade 55.

[0045] The printing unit 40 is disposed above (on the
+Z axis side) of the placement position of the transport
belt 23, and prints on the medium 95 lying on the front
face 23a of the transport belt 23. The printing unit 40
includes the head 42 capable of discharging liquids in-
cluding colored inks and functional liquids toward the me-
dium 95, a carriage 43 mounted with the head 42, a car-
riage transport unit 93 to move the carriage 43 in the
width direction of the medium 95 (the Y axis direction)
intersecting the transport direction, and the like. The head
42 is supplied with liquid (for example, colored inks such
as yellow, cyan, magenta, or black, and a functional lig-
uid) from a liquid supply unit, not illustrated in the draw-
ings.

[0046] The carriage transport unit 93 moves the head
42 together with the carriage 43 to-and-fro along the Y
axis direction. The carriage transport unit 93 is provided
above (on the +Z axis side of) the transport belt 23. The
carriage transport unit 93 includes a pair of guide rails
93a, 93b extending along the Y axis direction, a carriage
position detection device (not illustrated in the drawings)
provided along the guide rails 93a, 93b, and the like.
[0047] The guide rails 93a, 93b support the carriage
43. The carriage 43 is guided along the Y direction by
the guide rails 93a, 93b, and is supported by the guide
rails 93a, 93b in a state capable of moving to-and-fro
alongthe Y axis direction. The carriage position detection
device extends along the guide rails 93a, 93b, and is able
to detect the position of the carriage 43 in the Y axis
direction.

[0048] The carriage transport unit 93 includes a move-

10

20

25

30

35

40

45

50

55

ment mechanism and a drive source, not illustrated in
the drawings. The movement mechanism may, for ex-
ample, employ a mechanism combining a ballscrew and
aballnut, alinear guide mechanism, or the like. Moreover,
a motor (not illustrated in the drawings) is provided to the
carriage transport unit 93 as the drive source to move
the carriage 43 along the Y direction. Various motors,
such as a stepping motor, a servomotor, or alinear motor,
may be employed as the motor. When the motor is driven
under control of the controller 1, the head 42 is moved
along the Y axis direction together with the carriage 43.

Electrical Configuration

[0049] Fig. 2 is an electrical block diagram illustrating
an electrical configuration of a printing apparatus. De-
scription follows of the electrical configuration of the print-
ing apparatus 100, with reference to Fig. 2.

[0050] The printing apparatus 100 is provided with the
controller 1 to control the image processing device 110
and each of the units of the printing apparatus 100. A
personal computer or the like may be employed as the
image processing device 110. The image processing de-
vice 110 may be provided separately to the printing ap-
paratus 100.

[0051] The image processing device 110 includes a
printer controller 111, an input section 112, adisplay sec-
tion 113, a storage unit 114, and the like, and controls
print jobs and the like to perform printing with the printing
apparatus 100.

[0052] Software to operate the image processing de-
vice 110 includes general purpose image processing ap-
plication software (referred to as an application below)
to handle image data for printing, and printer driver soft-
ware (referred to as a printer driver below) to generate
print data to execute printing with the printing apparatus
100.

[0053] The printer controller 111 includes a central
processing unit (CPU) 115, an application specific inte-
grated circuit (ASIC) 116, a digital signal processor (DSP)
117, memory 118, an interface unit (I/F) 119, and the like,
and performs centralized management of the printing ap-
paratus 100.

[0054] The CPU 115is acomputational processing de-
vice to perform overall control the image processing de-
vice 110. The ASIC 116 and the DSP 117 perform image
processing and the like using the printer driver under con-
trol of the CPU 115. The I/F 119 is provided for exchang-
ing data between the image processing device 110 and
the controller 1.

[0055] The input section 112 is an information input
unit serving as a human interface. Specifically, for exam-
ple, the input section 112 is a port or the like to which a
keyboard or information input device is connected.
[0056] The display section 113 is an information dis-
play unit (display) serving as a human interface. Under
control of the printer controller 111, the display section
113 displays information input through the input section



11 EP 3 357 699 A1 12

112, images to be printed by the printing apparatus 100,
information related to print jobs, and the like.

[0057] The storage unit 114 is a re-writable storage
medium such as a hard disk drive (HDD), memory card,
or the like. The storage unit 114 stores software to oper-
ate the image processing device 110 (programs to oper-
ate the printer controller 111), images to be printed, in-
formation related to print jobs, and the like.

[0058] The memory 118is a storage medium to secure
a region for storing programs for the CPU 115 and to act
as a working area for the CPU 115, and is configured by
a storage element such as RAM, EEPROM, and the like.
[0059] The controller 1 is configured including a control
circuit 4, an interface (I/F) 2, a CPU 3, a memory 5, etc.
The interface 2 performs data exchange between the im-
age processing device 110 handing input signals and
images, and the controller 1, and is a reception unit to
receive print data and the like generated in the image
processing device 110. The CPU 3 is a computational
processing device to control various input signal process-
ing and the overall printing apparatus 100.

[0060] The memory 5 is a storage medium to secure
a region for storing programs for the CPU 3 and to act
as a working area for the CPU 3, and includes storage
elements such as such as random access memory
(RAM), Electrically Erasable Programmable Read Only
Memory (EEPROM), and the like.

[0061] Thecontroller 1 uses control signals output from
the control circuit 4 to control driving of various motors
installed in the medium transport unit 20 so as to move
the medium 95 in the transport direction (the +X axis
direction). The controller 1 uses control signals output
from the control circuit 4 to control driving of the motor
installed in the carriage transport unit 93 so as to move
the carriage 43 mounted with the head 42 in the medium
95 width direction (Y axis direction). The controller 1 uses
control signals output from the control circuit 4 to control
driving of the head 42 so as to discharge liquid toward
the medium 95. The controller 1 also controls various
non-illustrated devices.

[0062] The controller 1 controls the carriage transport
unit 93 and the head 42 to perform a primary scan in
which the carriage 43 (the head 42) is moved while dis-
charging liquid, so as to form dots and a raster line along
the primary scan direction. The controller 1 then arrays
raster lines along the transport direction to form animage
or the like on the medium 95 by repeatedly performing
this primary scanning and secondary scanning in which
the controller 1 controls the medium transport unit 20 to
transport the medium 95 in the transport direction.
[0063] Note that although an example is given in the
present embodiment of a case in which a serial head,
which is mounted to the carriage 43 that moves to-and-
fro and which discharges ink while moving in the width
direction of the medium 95 (the *Y axis direction), is
employed as the head 42, line heads that extend along
the width direction of the medium 95 (the Y axis direction)
in a fixed array may be employed therefor.
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Image Processing

[0064] Fig. 3 is a diagram to explain image processing
to printanimage. Next, description follows regarding print
data generation processing, with reference to Fig. 3.
Printing on the medium 95 is started by print data being
transmitted from the image processing device 110 to the
controller 1. The print data is generated by the printer
driver.

[0065] The printer driver receives image data from an
application (for example, text data, full color image data,
or the like), converts the image data into print data in a
format able to be interpreted by the controller 1, and out-
puts the print data to the controller 1. When converting
image data from an application into print data, the printer
driver performs resolution conversion processing, color
conversion processing, halftone processing, rasteriza-
tion processing, command appending processing, etc.
[0066] The resolution conversion processing of step
S1 is processing to convert image data output from an
application to a resolution (print resolution) for printing
on the medium 95. For example, when the print resolution
is stipulated to be 720 X 720 dpi, vector image data re-
ceived from the application is converted into bitmap im-
age data at a resolution of 720 X 720 dpi. Pixel data for
the image data after resolution conversion processing is
configured from pixels disposed in a matrix pattern. The
pixels each have a gradation value in RGB color space,
for example in 256 gradations. Namely, the post-resolu-
tion-conversion pixel data indicates gradation values for
corresponding pixels.

[0067] From pixels disposed in the matrix pattern, the
pixel data corresponding to one row worth of pixels ar-
rayed along a predetermined direction is called raster
data. Note that the predetermined direction in which the
pixels corresponding to raster data are arrayed corre-
sponds to the movement direction (primary scan direc-
tion) of the head 42 when printing images.

[0068] The color conversion processing at step S2 is
processingto convertdatain RGB color space into CMYK
color space. A color management system is employed
as the system to perform such conversion. A color man-
agement system employs a profile (for example, an In-
ternational Color Consortium (ICC) profile) listing corre-
spondence relationships between these color spaces to
perform the color space conversion. The color space con-
version converts image data from a color space depend-
ent on a particular machine handing the image data (the
RGB color space) to a non-machine dependent color
space (for example, CIELAB color space), and then con-
verts the image data into a color space of the printing
apparatus 100 on the output side (CMYK color space).
[0069] The CMYK colors are cyan (C), magenta (M),
yellow (Y), and black (B), and theimage datainthe CMYK
color model color space is data corresponding to the inks
used in the printing apparatus 100. Thus, for example,
when the printing apparatus 100 employs inks of the four
types of the CMYK color model, the printer driver gener-
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ates image data in the four dimensional space of the
CMYK color model based on the RGB data. This color
conversion processing is performed based on a table
(color conversion lookup table LUT) in which gradation
values of RGB data are associated with gradation values
in CMYK color model data. Note that the post-color-con-
version-processing pixel data is CMYK color model data
expressedin CMYK color model color space, forexample
256 gradations.

[0070] The halftone processing at step S3 is process-
ing to convert data in a high number of gradations (256
gradations) into data of a number of gradations that the
controller 1 is able to form. The halftone processing con-
verts the data represented in 256 gradations into 1-bit
data representing two gradations (dot or no dot), or 2-bit
data representing four gradations (no dot, small dot, me-
dium dot, large dot). Specifically, pixel data is generated
from a dot generation ratio table associating gradation
values (0 to 255) with dot generation ratios, and finds dot
generation ratios (for example, in the case of four grada-
tions, generation ratios for each of no dot, a small dot, a
medium dot, and a large dot) corresponding to gradation
values, and utilizes a dither method/error diffusion meth-
od so as to generate pixel data in which dots are formed
so as to be distributed.

[0071] Namely, the post-halftone-processing pixel da-
ta is 1-bit or 2-bit data, and is data indicating the shape
of dots (dot or no-dot, dot size) for each of the pixels in
the pixel data. For example, for 2-bit (four gradation) data,
conversion is made to four gradations: a dot gradation
value corresponding to no dot (00), a dot gradation value
corresponding to forming a small dot (01), a dot gradation
value corresponding to forming a medium dot (10), and
a dot gradation value corresponding to forming a large
dot (11).

[0072] The rasterization processing at step S4 is
processing to rearrange pixel data (for example, 2-bit da-
ta) arrayed in a matrix pattern according to a dotformation
sequence during printing. The rasterization processing
includes pass allocation processing to allocate the image
data configured by the post-halftone-processing pixel da-
ta to each primary scan for discharging liquid while the
head 42 is moved to-and-fro. When pass allocation has
been completed, allocation is then made to the actual
nozzles that will form each raster line configuring the im-
age to be printed.

[0073] Thecommand appendingprocessing atstep S5
is processing to append command data corresponding
to the type of printing to the post-rasterization-processing
data. Examples of command data include transport data
related to the manner in which the medium 95 is trans-
ported (the movement amount, speed, etc. in the trans-
port direction).

[0074] Print data transmission processing at step S6
is processing to transmit the generated print data to the
controller 1 via the interface 119.

[0075] The processing of the printer driver from step
S1 to step S6 is performed by the ASIC 116 and the DSP
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117 under control of the CPU 115 (see Fig. 2).

[0076] Next, description follows regarding the graini-
ness of printed images. Fig. 4 is a diagram illustrating an
example of a printed image in which graininess is not
visible. Fig. 5 is a diagram illustrating an example of a
printed image in which graininess is visible.

[0077] As is apparent by comparing Fig. 4 and Fig. 5,
the entire medium is dyed with colored inks in the printed
image of Fig. 4, whereas in contrast thereto, portions of
the medium that are not dyed are visible as white spots
in the printed image of Fig. 5.

[0078] Fig. 6 is a graininess table indicating regions
where graininess is visible.

[0079] The printing apparatus 100 of the present em-
bodiment has printing modes including a "normal mode"
in which the front face of the medium 95 is printed with
colored inks, and a "bleed-through mode" in which color-
ed inks discharged onto the front face of the medium 95
are caused by a functional liquid to penetrate through the
medium toward the reverse face (bleed-through) thereof,
such that the reverse face is penetration printed together
with printing the front face of the medium 95 with colored
inks.

[0080] Note that the functional liquid includes pene-
trants, surfactants, and the like, and is a liquid with a
function to enhance a penetration effect into the medium
95 of the colored inks discharged onto the medium 95
on which the image is formed.

[0081] The "bleed-through mode" aims to cause the
colored inks discharged onto the frontface of the medium
95 to penetrate through toward the reverse face of the
medium 95. This is a printing mode in which a functional
liquid is actively employed, and "bleed-through mode" is
not called such based on the printing result itself. Thus,
the bleed-through mode is employed not only for printing
to dye the front face of the medium 95, but also for printing
to cause the image printed on the frontface of the medium
95 to be somewhat visible on the reverse face thereof.
[0082] Moreover, the "normal mode" does not aim to
make the colored inks penetrate through to the reverse
face of the medium 95, and is a printing mode that would
not usually use a functional liquid.

[0083] The inventors of the present application have
discovered that graininess is greatly ameliorated by dis-
charging the functional liquid in addition to the colored
inks in the bleed-through mode. The inventors have per-
formed visual evaluations of the graininess of printed im-
ages formed by printing on the medium 95 using param-
eters of colored ink discharge amounts per unit surface
area (referred to below as colored ink duty) and functional
liquid discharge amounts per unit surface area (referred
to below as functional liquid duty). The graininess table
illustrated in Fig. 6 shows the results of these evaluations.
[0084] In Fig. 6, columns with colored ink duty as a
parameter are labeled A to J, and rows with functional
liquid duty as a parameter are labeled 1 to 6. Moreover,
for example, a combination of the label "A" for a colored
ink duty of 10% and a label "1" for a functional liquid duty
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of 0% is expressed as "discharge condition A1". In Fig.
6, regions where graininess was visible are indicated by
"x", and regions where graininess was not visible are in-
dicated by "O".

[0085] As illustrated in Fig. 6, in the discharge condi-
tions A1 to J1 employed for printing in the normal mode
(the row with a functional liquid duty of 0%), it is apparent
that graininess is visible in regions where the colored ink
duty is less than 40%. Moreover, it is apparent that even
with the discharge conditions A1 to C1 where graininess
was visible, graininess could be ameliorated by discharg-
ing functional liquid in addition to the colored inks. The
colored inks soak into and wet out the surface of the
medium 95 in the discharge condition A5 of a functional
liquid duty of 80% when the colored ink duty is 10%, in
the discharge condition B4 of a functional liquid duty of
60% when the colored ink duty is 20%, and in the dis-
charge condition C3 of a functional liquid duty of 40%
when the colored ink duty is 30%. This enables graininess
to be ameliorated in regions where the colored ink duty
is less than 40%.

[0086] Thus, the printing apparatus 100 of the present
embodiment, evenin cases in which printing is performed
in the normal mode that would not usually employ the
functional liquid, functional liquid is still discharged in ad-
dition to the colored inks in regions where the colored ink
discharge amount is less than a specific value (less than
40% in the present embodiment). Specifically, in the
above halftone processing of step S3, the printer control-
ler 111 references the graininess table stored in the stor-
age unit 114, and generates functional liquid data to dis-
charge the functional liquid. The functional liquid is there-
by discharged in regions where the colored ink duty is
less than 40%, and the graininess of printed images is
ameliorated.

[0087] The visibility of graininess in a printed image
differs depending on the type of the medium 95, and so
the printing apparatus 100 pre-stores plural graininess
tables in the storage unit 114 corresponding to the type
of the medium 95. Plural types of the medium 95 can be
accommodated by changing the graininess table with ref-
erence to the type of the medium 95 input through the
input section 112. Moreover, in the printing apparatus
100 of the present embodiment, the above specific value
can be changed by input through the input section 112.
Graininess can be ameliorated even for media which
were not anticipated to be used, by a user changing the
specific value based on the results of visual evaluations
of images printed on the medium 95.

[0088] Note that although description has been given
of a case in which the printing apparatus 100 of the
present embodiment includes a normal mode and a
bleed-through mode, and graininess is ameliorated in the
normal mode, the printing apparatus 100 may, in addition
to the normal mode and bleed-through mode, include a
separate graininess amelioration mode to execute grain-
iness amelioration.

[0089] Asdescribed above, the printing apparatus 100
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according to the present embodiment is able to obtain
the following advantageous effects.

[0090] The printing apparatus 100 discharges func-
tional liquid onto regions where the colored ink discharge
amount in the normal mode is less than a specific value
(the colored ink duty is less than 40% in the present em-
bodiment), where graininess would be visible. The color-
ed ink soaks into and wets out the surface of the medium
95 due to the functional liquid, thereby enabling graini-
ness to be ameliorated in regions where the colored ink
discharge amount is less than a specific value.

[0091] The printing apparatus 100 includes the input
section 112, and the specific value of the colored ink dis-
charge amount, which is a threshold value to determine
regions to discharge the functional liquid onto to amelio-
rate graininess, is changeable by input through the input
section 112. This enables graininess to be ameliorated
for a wide variety of media 95 that were not anticipated
to be used, by a user changing the specific value based
on the results of visual evaluation or the like of images
printed on the medium 95.

Second Embodiment

[0092] A printing apparatus 100 according to a second
embodiment is the same as the printing apparatus of the
first embodiment, and so description thereof will be omit-
ted.

[0093] Fig. 7 is alightness table in a printing apparatus
accordingtothe second embodiment. The lightness table
indicates the lightness of printed images. Fig. 7 indicates
the lightness in CIELAB color space (referred to below
as "L* value") measured, using spectroscopy, for printed
images formed during printing on the image-formed me-
dium 95 using the colored ink duty and functional liquid
duty as parameters as explained with reference to Fig.
6 in the first embodiment. It is apparent from a compar-
ison with the graininess table of Fig. 6 that for discharge
conditions A1 to J1 (the row with functional liquid duty of
0%) employed to print in normal mode, graininess is vis-
ible in regions having an L* value of 60 or greater.
[0094] Thedischarge condition of regions where grain-
iness is visible is preferably changed based on the light-
ness (L* values). For example, when the discharge con-
dition is A1, the L* value is 81.7. By printing with the
discharge condition C5 in Fig. 6, which gives a region
where graininess is not visible and which is similar in
lightness (L* value) to the A1 value in Fig. 7, a color can
be reproduced with a brightness (lightness) substantially
the same as when printed with discharge condition A1,
while ameliorating graininess.

[0095] Thus, the printing apparatus 100 of the present
embodimentforms regions (referred to below as highlight
areas) having a specific lightness (a L* value of 60 or
greater in the present embodiment) by employing the
colored inks and the functional liquid, even when printing
in the normal mode that would not usually employ func-
tional liquid.
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[0096] Fig. 8 is aconversion table to convert discharge
conditions.
[0097] The conversion table illustrated in Fig. 8 lists

the converted discharge conditions resulting from con-
verting the discharge conditions in the graininess table
of Fig. 6 where graininess is visible, to discharge condi-
tions where substantially the same color is reproduced
and graininess is ameliorated. The discharge condition
A1 resulting in a L* value of 60 or greater when printing
in normal mode is converted to discharge condition C5,
similarly, the discharge condition B1 is converted to dis-
charge condition C3, and the discharge condition C1 is
converted to the discharge condition D3. Functional liquid
is accordingly discharged at the highlight areas even in
the normal mode, and graininess is ameliorated.
[0098] The visibility of graininess in a printed image
differs depending on the type of the medium 95 on which
the image is formed. The printing apparatus 100 accord-
ingly pre-stores plural conversion tables in the storage
unit 114 corresponding to the type of the medium 95.
Plural types of the medium 95 can be accommodated by
changing the conversion table with reference to the type
of the medium 95 input through the input section 112.
Moreover, in the printing apparatus 100 according to the
present embodiment, the specific lightness (L* value) re-
ferred to above can be changed by input through the
input section 112. This enable a wide variety of media
that were not anticipated to be used to be accommodated
by a user changing the specific lightness based on the
results of visual evaluation of images printed on the me-
dium 95. Moreover, the graininess can be suitably amel-
iorated due to also being able to change the functional
liquid discharge amount by input through the input sec-
tion 112.

[0099] Moreover, to enable the functional liquid dis-
charge amount to be changed by input through the input
section, an adjustment function may be provided to en-
able the functionalliquid discharge amount to be adjusted
by input in the normal printing mode without the highlight
area determination of step S102 of Fig. 9. In such cases,
configuration may be made such that actuation of the
adjustment function can be selected by a user in the nor-
mal mode, or so as to be actuated in the aforementioned
graininess amelioration mode.

[0100] Moreover, an adjustment function may be pro-
vided to enable further fine adjustment of the functional
liquid discharge amount after highlight area determina-
tion at step S102 and changing the discharge condition.
[0101] Fig. 9is a flowchart illustrating a printing meth-
od. Description follows regarding a printing method in
which graininess is ameliorated in normal mode, with ref-
erence to Fig. 9.

[0102] Step S101 is a printinformation reception proc-
ess to receive print information. The print information in-
cludes image data to be formed on the medium 95, and
print conditions related to the type of medium, the specific
lightness, the functional liquid discharge amount, and the
like. In the description of the present flowchart, the type
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of medium 95, the specific lightness (L* value), and the
functional liquid discharge amount correspond to those
of the respective tables of Fig. 6 to Fig. 8.

[0103] Step S102is aregion determination process to
determine whether or not aregion has a specificlightness
or greater. This process is performed by the color con-
version processing of step S2 in the image processing
described above. The image processing device 110 de-
termines whether or not the L* values of each of the pixels
converted from RGB color space to CIELAB color space
is 60 or greater. Processing proceeds to step S103 when
the L* value is 60 or greater (Step S102: Yes), and
processing proceeds to step S104 when the L* value is
less than 60 (Step S102: No).

[0104] Step S103 is a discharge condition change
process to change the discharge condition. This process
is performed by the halftone processing of step S3 of the
image processing described above. The image process-
ing device 110 references the conversion table stored in
the storage unit 114. The image processing device 110
then changes the discharge condition for any pixels of a
highlight area determined at step S102 to have an L*
value of 60 or greater, from a discharge condition to dis-
charge colored inks to a discharge condition to discharge
colored ink and functional liquid. When doing so, the dis-
charge condition is changed to a condition giving a similar
lightness (L* value).

[0105] Step S104 is a print data generation process to
generate print data. The image processing device 110
continues the halftone processing by generating pixel da-
ta that contains pixels with L* values of less than 60. The
image processing after the rasterization processing of
above step S4 is then executed to output the generated
print data to the controller 1. Functional liquid discharge
data to discharge functional liquid for the pixels with an
L* value of 60 or greater is included in the print data.
[0106] Step S105 is a print execution process to exe-
cute printing. The controller 1 executes printing based
on the print data by controlling each of the units of the
printing apparatus 100. Discharge in the highlight areas
having the specific lightness or greater is performed with
discharge conditions to discharge colored ink and func-
tional liquid, and so the colored ink soaks into and wets
out the surface of the medium 95. This enables the grain-
iness of the highlight areas to be ameliorated. Moreover,
the discharge condition for the colored inks and the func-
tional liquid is changed to a discharge condition that ob-
tains alightness similarto the lightness when only colored
inks are discharged, thus ameliorating this graininess
while also reproducing a color of substantially the same
brightness (lightness).

[0107] Asdescribed above, the printing apparatus 100
and the printing method according to the present embod-
iment enable the following advantageous effects to be
obtained.

[0108] Even when printing in the normal mode that
would not usually employ functional liquid, the printing
apparatus 100 uses the colored inks and the functional



19 EP 3 357 699 A1 20

liquid to form regions having the specific lightness or
greater (L* values of 60 or greater in the present embod-
iment) where graininess would be visible. Thereby, the
colored ink soaks into and wets out the surface of the
medium 95 due to the functional liquid, enabling graini-
ness to be ameliorated in regions of the specific lightness
orgreater. Moreover, the discharge condition of the color-
ed ink and functional liquid is changed to a discharge
condition that obtains a lightness similar to the lightness
when only colored inks are discharged, thus ameliorating
graininess while also reproducing a color of substantially
the same brightness (lightness).

[0109] The printing apparatus 100 includes an input
section 112, and the specific lightness, which is a thresh-
old value to determine regions in which to ameliorate
graininess by forming using the colored inks and the func-
tional liquid, can be changed by input through the input
section 112. Thus, graininess can be ameliorated for a
wide variety of media 95 that were not anticipated to be
used, by a user changing the specific lightness based on
the results of visual evaluation or the like of images print-
ed on the media 95.

[0110] Moreover, due to being able to change the func-
tional liquid discharge amount by input through the input
section 112, a suitable amelioration in graininess can be
achieved.

[0111] The printing method of the printing apparatus
100 includes the region determination process to deter-
mine whether or not a region is the specific lightness or
greater, and the discharge condition change process to
change the discharge condition in regions of the specific
lightness or greater from a discharge condition to dis-
charge only colored inks to a discharge condition to dis-
charge colored inks and functional liquid. The printing
method accordingly forms regions of the specific light-
ness or greater using the colored ink and functional liquid.
Thereby, the colored ink soaks into and wets out the sur-
face of the medium 95 due to the functional liquid, ena-
bling the graininess to be ameliorated in the regions of
the specific lightness or greater.

[0112] Moreover, the discharge condition of colored
ink and functional liquid is changed to a discharge con-
dition that obtains substantially the same lightness to that
when only colored inks are discharged, and so the grain-
iness thereof can be ameliorated while reproducing a
color of substantially the same brightness (lightness).
[0113] The foregoing description has been given by
way of example only and it will be appreciated by a person
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 printing apparatus (100) comprising:

a head (42) capable of discharging liquids to-
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ward a medium (95), the liquids including a
colored ink and a functional liquid that promotes
penetration of the colored ink into the medium;
the printing apparatus including

a normal mode to print a front face of the
medium with the colored ink, and

a bleed-through mode to print the front and
reverse of the medium by printing the front
face of the medium with the colored ink and
using the functional liquid to cause the dis-
charged colored ink to penetrate toward the
reverse face of the medium; and

when printing in the normal mode, the colored
ink and the functional liquid are used for forming
regions having a specific lightness or greater.

The printing apparatus according to Claim 1, further
comprising an input unit (112), wherein the specific
lightness can be changed by input through the input
unit.

The printing apparatus according to Claim 2, wherein
a discharge amount of the functional liquid to be dis-
charged on regions of the specific lightness or great-
er can be changed by input through the input unit.

A printing apparatus (100) comprising:

a head (42) capable of discharging liquids to-
ward a medium (95), the liquids including a
colored ink and a functional liquid that promotes
penetration of the colored ink into the medium;
the printing apparatus including

a normal mode to print a front face of the
medium with the colored ink, and

a bleed-through mode to print the front and
reverse of the medium by printing the front
face of the medium with the colored ink and
using the functional liquid to cause the dis-
charged colored ink to penetrate toward the
reverse face of the medium; and

when printing in the normal mode, the functional
liquid is discharged onto regions in which a dis-
charge amount of the colored ink is less than a
specific value.

The printing apparatus according to Claim 4, further
comprising an input unit (112), wherein the specific
value can be changed by input through the input unit.

A printing method for a printing apparatus (100) in-
cluding a head (42) capable of discharging liquids
toward a medium (95), the liquids including a colored
ink and a functional liquid that promotes penetration
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of the colored ink into the medium and the printing
apparatus including a normal mode to print a front
face of the medium with the colored ink, and a bleed-
through mode to print the front and reverse of the
medium by printing the front face of the medium with 5
the colored ink and using the functional liquid to
cause the discharged colored ink to penetrate toward

the reverse face of the medium, the printing method
comprising, when printing in the normal mode:

10
determining whether or not a region has a spe-
cific lightness or greater; and
changing a discharge condition for a region hav-
ing the specific lightness or greater from a dis-
charge condition to discharge the colored inkto 75
a discharge condition to discharge the colored
ink and the functional liquid.

7. The printing method according to Claim 6, wherein
in the changing a discharge condition, the discharge 20
condition is changed based on the lightness.
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FIG. 2

111

~115 ~116 ~117
CPU ASIC DSP

~119 ~118
I/F MEMORY
PRINT DATA
LT
1
VAN
2 4
IIF 20
(RECEPTION {— MEDIUM
UNIT) TRANSPORT UNIT
93
3 | || CONTROL CARRIAGE
CPU  |— CIRCUIT TRANSPORT UNIT
42
5 HEAD
MEMORY | —
4

14




EP 3 357 699 A1
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FIG. 6
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