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(57) Performed are surface reformation processing
of reforming a surface of a base material in a first region
along a transport path and image forming processing of
forming an image on the surface reformed by the surface
reformation processing of the base material in a second
region along the transport path while transporting the
base material in the first transport direction along the
transport path. Next, the base material having a forma-
tion-completed portion in which the image is formed on
the surface is transported in a second transport direction
opposite to the first transport direction along the transport

FIG. 1

IMAGE FORMING APPARATUS WITH PRETREATMENT UNIT, CORRESPONDING IMAGE

path. Next, when the surface reformation processing and
the image forming processing are performed while the
base material having the formation-completed portion is
transported in the first transport direction along the trans-
port path, the image is formed on the surface of the base
material in the second region in such a manner that a
multiple surface reforming region, in which the number
of executions of surface reformation processing in the
first region in the surface of the base material is larger
than that in a surrounding region, can be distinguished.

R10 | \R

8
RO\ Dia
i Rml R11
Y X

Printed by Jouve,

75001 PARIS (FR)



1 EP 3 711 963 A1 2

Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to animage form-
ing apparatus, animage forming method, and a program.

Description of the Background Art

[0002] Known is an image forming apparatus in which
a sheet-like elongated base material (paper or plastic,
for example) is rolled out from a cylindrical roll, and an
image is formed on a surface of the base material by ink-
jet printing, for example.

[0003] In this image forming apparatus, if ink is easily
fixed on the surface of the base material in the ink-jet
printing, for example, a quality of the image (image qual-
ity) printed on the surface of the base material is im-
proved. Thus, preprocessing for activating the surface of
the base material is performed by corona discharge or
the like before the printing in some cases (for example,
Japanese Patent Application Laid-Open Nos.
2013-169708 and 2015-66739).

SUMMARY OF THE INVENTION

[0004] The present invention is directed to an image
forming apparatus.

[0005] According to one aspect of the present inven-
tion, an image forming apparatus includes: a feed unit
configured to supply a base material; a transport mech-
anism configured to transport the base material supplied
from the feed unit along a transport path; a recovery unit
configured to recover the base material transported by
the transport mechanism along the transport path; a sur-
face reforming unit configured to perform surface refor-
mation processing of reforming a surface of the base
material in a first region along the transport path; an im-
age forming unit configured to form an image on a surface
reformed in the surface reformation processing on the
base material in a second region between the surface
reforming unit and the recovery unit along the transport
path; and a control unit configured to make the transport
mechanism and the image forming unit form an image
on the surface of the base material based on image data.
The control unit makes the transport mechanism execute
a first transport operation of transporting the base mate-
rial in a first transport direction toward the recovery unit
along the transport path and a second transport operation
of transporting the base material in a second transport
direction toward the feed unit opposite to the first trans-
port direction along the transport path. When the control
unit makes the transport mechanism perform the first
transport operation of transporting the base material hav-
ing a formation-completed portion in which an image is
formed on a surface by the image forming unit in the first
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transport direction along the transport path after perform-
ing the second transport operation of transporting the
base material in the second transport direction along the
transport path, the control unit makes the image forming
unit form an image on the surface of the base material
in such a manner thata multiple surface reforming region,
in which a total number of executions of the surface ref-
ormation processing in the surface of the base material
is larger than a total number of executions of the surface
reformation processing in a surrounding region, can be
distinguished.

[0006] For example, a portion in which the quality of
the image is different from that of the surrounding portion
in the base material can be easily distinguished from the
surrounding portion while effectively using the base ma-
terial.

[0007] According to another aspect of the present in-
vention, an image forming apparatus includes: a feed
unit configured to supply a base material; a transport
mechanism configured to transport the base material
supplied from the feed unit along a transport path; a re-
covery unit configured to recover the base material trans-
ported by the transport mechanism along the transport
path; a surface reforming unit configured to give energy
to a surface of the base material in a first region along
the transport path to perform surface reformation
processing of reforming the surface of the base material;
an image forming unit configured to form an image on
the surface of the base material in a second region be-
tween the surface reforming unit and the recovery unit
along the transport path; and a control unit configured to
control the transport mechanism, the surface reforming
unit, and the image forming unit based on image data to
make the transport mechanism, the surface reforming
unit, and the image forming unit form an image on a sur-
face reformed in the surface reformation processing of
the base material. The control unit controls the transport
mechanism, the surface reforming unit, and the image
forming unit to make them execute a first operation, a
second operation, and a third operation. The first oper-
ation includes an operation of performing the surface ref-
ormation processing on the surface of the base material
and forming a first image on a first processing region on
which the surface reformation processing is performed
in the surface of the base material while transporting the
base material in a first transport direction toward the re-
covery unit along the transport path. The second opera-
tion includes an operation of transporting the base ma-
terial, in which the first image is formed on the surface in
the first operation, in a second transport direction toward
the feed unit opposite to the first transport direction along
the transport path in a state where the surface reforma-
tion processing is not performed on the surface of the
base material after the first operation. The third operation
includes an operation of performing the surface reforma-
tion processing on a second processing region other than
the first processing region in the surface of the base ma-
terial and forming the second image on the second
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processing region while transporting the base material
in which the first image is formed in the first transport
direction along the transport path after the second oper-
ation.

[0008] For example, the quality of the image formed
on the base material can be improved while reducing the
wasteful use of the base material.

[0009] The presentinvention is also directed to an im-
age forming method.

[0010] According to one aspect of the present inven-
tion, an image forming method includes: (a) performing
surface reformation processing of reforming a surface of
a base material in a first region along a transport path
and image forming processing of forming an image on
the surface reformed by the surface reformation process-
ing of the base material in a second region along the
transport path while transporting the base material in the
first transport direction along the transport path; (b) trans-
porting the base material having a formation-completed
portion in which an image is formed on a surface in the
(a) in a second transport direction opposite to the first
transport direction along the transport path; and (¢) when
performing the image reformation processing and the im-
age forming processing while transporting the base ma-
terial having the formation-completed portion in the first
transport direction along the transport path after the (b),
forming an image on the surface of the base material in
the second region in such a manner that a multiple sur-
face reforming region, in which a total number of execu-
tions of the surface reformation processing in the first
region in the surface of the base material is larger than
a total number of executions of the surface reformation
processing in a surrounding region, can be distinguished.
[0011] For example, a portion in which the quality of
the image is different from that of the surrounding portion
in the base material can be easily distinguished from the
surrounding portion while effectively using the base ma-
terial.

[0012] According to another aspect of the present in-
vention, an image forming method includes: (a) giving
energy to a surface of a base material in a first region
along a transport path to perform surface reformation
processing of reforming the surface of the base material,
and forming a first image on a first processing region, in
the surface of the base material, on which the surface
reformation processingis performed in the second region
along the transport path while transporting the base ma-
terial in afirst transport direction along the transport path;
(b) transporting the base material, in which the firstimage
is formed on the surface in the (a), in a second transport
direction opposite to the first transport direction along the
transport path in a state where the surface reformation
processing is not performed on the surface of the base
material; and (c) performing the surface reformation
processing on a second processing region other than the
first processing region in the surface of the base material
and forming a second image on the second processing
region while transporting the base material in which the
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first image is formed in the first transport direction along
the transport path after the (b).

[0013] For example, the quality of the image formed
on the base material can be improved while reducing the
wasteful use of the base material.

[0014] The presentinvention is also directed to a pro-
gram.

[0015] According to one aspect of the present inven-
tion, a program, when executed by a processing unit in-
cluded in an image forming apparatus, makes the image
forming apparatus function as an image forming appa-
ratus including a feed unit, a transport mechanism, a re-
covery unit, a surface reforming unit, an image forming
unit, and a control unit. Herein, the feed unit supplies a
base material. The transport mechanism transports the
base material supplied from the feed unit along a trans-
port path. The recovery unit recovers the base material
transported along the transport path by the transport
mechanism. The surface reforming unit performs surface
reformation processing of reforming a surface of the base
material in a first region along the transport path. The
image forming unitforms animage on a surface reformed
in the surface reformation processing on the base mate-
rial in a second region between the surface reforming
unit and the recovery unit along the transport path. The
control unit makes the transport mechanism and the im-
age forming unit form an image on the surface of the
base material based on image data. The control unit
makes the transport mechanism execute a first transport
operation of transporting the base material in afirst trans-
portdirection toward the recovery unitalong the transport
path and a second transport operation of transporting the
base material in a second transport direction toward the
feed unit opposite to the first transport direction along the
transport path. When the control unit makes the transport
mechanism perform the first transport operation of trans-
porting the base material having a formation-completed
portion in which an image is formed on a surface by the
image forming unit in the first transport direction along
the transport path after performing the second transport
operation of transporting the base material in the second
transport direction along the transport path, the control
unit makes the image forming unit form an image on the
surface of the base material in such a manner that a
multiple surface reforming region, in which a total number
of executions of the surface reformation processing in
the surface of the base material is larger than a total
number of executions of the surface reformation process-
ing in a surrounding region, can be distinguished.
[0016] For example, a portion in which the quality of
the image is different from that of the surrounding portion
in the base material can be easily distinguished from the
surrounding portion while effectively using the base ma-
terial.

[0017] According to another one aspect of the present
invention, a program, when executed by a processing
unit included in an image forming apparatus, makes the
image forming apparatus function as an image forming
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apparatus including a feed unit, a transport mechanism,
arecovery unit, a surface reforming unit, an image form-
ing unit, and a control unit. The feed unit supplies a base
material. The transport mechanism transports the base
material supplied from the feed unit along a transport
path. The recovery unit recovers the base material trans-
ported along the transport path by the transport mecha-
nism. The surface reforming unit gives energy to a sur-
face of the base material in a first region along the trans-
port path to perform surface reformation processing of
reforming the surface of the base material. The image
forming unit forms an image on the surface of the base
material in a second region between the surface reform-
ing unit and the recovery unit along the transport path.
The control unit controls the transport mechanism, the
surface reforming unit, and the image forming unit based
on image data to make them form an image on a surface
reformed in the surface reformation processing of the
base material. The control unit controls the transport
mechanism, the surface reforming unit, and the image
forming unit to make them execute a first operation, a
second operation, and a third operation. In the first op-
eration, the surface reformation processing is performed
on the surface of the base material and a first image is
formed on a first processing region on which the surface
reformation processing is performed in the surface of the
base material while the base material is transported in a
first transport direction toward the recovery unit along the
transport path. In the second operation, the base material
in which the first image is formed on the surface in the
first operation is transported in a second transport direc-
tion toward the feed unit opposite to the first transport
direction along the transport path in a state where the
surface reformation processing is not performed on the
surface of the base material after the first operation. In
the third operation, the surface reformation processing
is performed on a second processing region other than
the first processing region in the surface of the base ma-
terial and the second image is formed on the second
processing region while the base material in which the
first image is formed is transported in the first transport
direction along the transport path after the second oper-
ation.

[0018] For example, the quality of the image formed
on the base material can be improved while reducing the
wasteful use of the base material.

[0019] Therefore, a first object of the present invention
is to provide an image forming technique capable of eas-
ily distinguishing the portion, in which the quality of the
image is different from that of the surrounding portion in
the base material, from the surrounding portion while ef-
fectively using the base material.

[0020] A second object of the present invention is to
provide an image forming technique improving the quality
of the image formed on the base material while reducing
wasteful use of the base material.

[0021] These and other objects, features, aspects and
advantages of the present invention will become more

15

20

25

30

35

40

45

50

55

apparent from the following detailed description of the
present invention when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1is a drawing illustrating an example of a sche-
matic configuration of an image forming apparatus
common to a first embodiment and a second em-
bodiment.

Fig. 2 is a block diagram illustrating an example of
a functional configuration of the image forming ap-
paratus common to the first embodiment and the
second embodiment.

Fig. 3 is a schematic diagram for describing an ex-
ample of an image forming operation in the image
forming apparatus according to the first embodi-
ment.

Fig. 4 is a schematic diagram for describing an ex-
ample of an image forming operation in the image
forming apparatus according to the first embodi-
ment.

Fig. 5is a plan view illustrating an image formed on
a surface of a base material in the image forming
apparatus according to the first embodiment.

Fig. 6 is a plan view illustrating an image formed on
the surface of the base material in the image forming
apparatus according to the first embodiment.

Fig. 7 is a flow chart illustrating an example of an
operation flow according to an image forming meth-
od in the first embodiment.

Fig. 8 is a schematic diagram illustrating an example
of a first operation in the image forming apparatus
according to the second embodiment.

Fig. 9is a graph illustrating an example of a relation-
ship between a transport distance and a transport
speed of the base material at a time of starting the
first operation according to the second embodiment.
Fig. 10 is a schematic diagram illustrating an exam-
ple of a second operation in the image forming ap-
paratus according to the second embodiment.

Fig. 11 is a schematic diagram illustrating an exam-
ple of a third operation in the image forming appa-
ratus according to the second embodiment.

Fig. 12 is a flow chart illustrating an example of an
operation flow according to an image forming meth-
od in the second embodiment.

Fig. 13 is a schematic diagram for describing an ex-
ample of an image forming operation in an image
forming apparatus according to a first reference ex-
ample.

Fig. 14 is a schematic diagram for describing an ex-
ample of an image forming operation in an image
forming apparatus according to a second reference
example.

Fig. 15 is a schematic diagram illustrating an exam-
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ple of an operation in an image forming apparatus
according to a third reference example.

Fig. 16 is a schematic diagram illustrating an exam-
ple of an operation in an image forming apparatus
according to a fourth reference example.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] In some image forming apparatus in which a
sheet-like elongated base material is rolled out from a
cylindrical roll, and an image is formed on a surface of
the base material by ink-jet printing or the like, the surface
of the base material is reformed into a state appropriate
for the printing by corona processing or the like, for ex-
ample. Performed in such an image forming apparatus
is sequential printing processing of, for example, starting
transporting the base material in accordance with one
printing job, increasing a transport speed of the base ma-
terial to stabilize the transport of the base material, and
subsequently forming the image on the surface of the
base material and reducing the transport speed of the
base material, thereby suspending the transport of the
base material. The stabilization of the transport of the
base material includes, for example, a stabilization of the
transport speed of the base material, a stabilization by
reducing a flapping of the base material in a normal line
direction of the surface of the base material, and a sta-
bilization by reducing a meandering in a width direction
of the base material. In the sequential printing process-
ing, an image in which the same pattern is repeated may
be formed on the surface of the base material oranimage
in which different patterns are continued may be formed.
Animage of approximately several tens of meters to sev-
eral thousand meters may be formed in this sequential
printing processing, for example.

[0024] Fig. 13 is a schematic diagram for describing
an example of an operation of forming an image by the
printing processing in the image forming apparatus ac-
cording to a first reference example. The image forming
apparatus according to the first reference example per-
forms sequential printing processing (also referred to as
first printing processing) corresponding to a first printing
job, for example. In the first printing processing, as illus-
trated in Fig. 13(a), a transport of a base material Bm1
in afirsttransportdirection D1 is started, and after a trans-
port speed of the base material Bm1 is stabilized, ink is
discharged from a plurality of print heads included in an
image forming unit 18 on a region (also referred to a one-
time surface reforming region) Rf1, in a surface Su1 of
the base material Bm1, which is reformed into a state
appropriate for the printing by corona processing per-
formed by a surface reforming unit 17 to form an image
(also referred to as a firstimage) Pc1. In Fig. 13, an ob-
lique-line hatching is provided in the one-time surface
reforming region Rf1 in the base material Bm1. Next,
printing processing (also referred to as second printing
processing) corresponding to a second printingjob s per-
formed while maintaining the transport of the base ma-
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terial Bm1 in the first transport direction D1. In the second
printing processing, as illustrated in Fig. 13(a), ink is dis-
charged from the plurality of print heads included in the
image forming unit 18 on the one-time surface reforming
region Rf1, in the surface Su1 of the base material Bm1,
which is reformed into the state appropriate for the print-
ing by the corona processing performed by the surface
reforming unit 17 to form an image (also referred to as a
second image) Pc2. Then, the transport speed of the
base material Bm1 is reduced to suspend the transport
of the base material Bm1 as illustrated in Fig. 13(b). Af-
terward, the image forming apparatus according to the
first reference example performs sequential printing
processing (also referred to as third printing processing)
corresponding to a third printing job, for example. In the
third printing processing, as illustrated in Fig. 13(c), the
transport of the base material Bm1 in the first transport
direction D1 is started, and after the transport speed of
the base material Bm1 is stabilized, ink is discharged
from the plurality of print heads included in the image
forming unit 18 on the one-time surface reforming region
Rf1, in the surface Su1 of the base material Bm1, which
is reformed into the state appropriate for the printing by
the corona processing performed by the surface reform-
ing unit 17 to form an image (also referred to as a third
image) Pc3. At this time, the transport speed of the base
material Bm1 is reduced in the end of the second printing
processing, and the transport speed of the base material
Bm1 is increased in the beginning of the third printing
processing, thus as illustrated in Fig. 13(c), a blank BkO
where no image is formed, that is so-called a waste por-
tion, significantly occurs between the second image Pc2
and the third image Pc3 on the surface Su1 of the base
material Bm1. Herein, when post-processing such as a
UV light irradiation to the firstimage Pc1 and the second
image Pc2 is performed after the firstimage Pc1 and the
second image Pc2 are formed on the surface Su1 of the
base material Bm1, for example, a length LO of such a
waste portion may further increase. Also considered is a
case where the length LO ranges from several meters to
several tens of meters, for example.

[0025] Accordingly, it is considered that the base ma-
terial Bm1 is rolled back to some degree by a reverse
transport (backward feed) after the second printing
processing, and then the third printing processing is per-
formed to reduce the length of the waste portion.
[0026] Fig. 14 is a schematic diagram for describing
an example of an operation of forming an image by print-
ing processing in an image forming apparatus according
to a second reference example. The image forming ap-
paratus according to the second reference example per-
forms the first printing processing corresponding to the
first printing job, for example. In the first printing process-
ing, as illustrated in Fig. 14(a), the transport of the base
material Bm1 in the first transport direction D1 is started,
and after the transport speed of the base material Bm1
is stabilized, ink is discharged from the plurality of print
heads included in the image forming unit 18 on the one-
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time surface reforming region Rf1, in the surface Su1 of
the base material Bm1, which is reformed into the state
appropriate for the printing by the corona processing per-
formed by the surface reforming unit 17 to form the first
image Pc1. Also in Fig. 14, an oblique-line hatching is
provided in the one-time surface reforming region Rf1 in
the base material Bm1. Next, the second printing
processing corresponding to the second printing job is
performed while maintaining the transport of the base
material Bm1 in the first transport direction D1. In the
second printing processing, as illustrated in Fig. 14(a),
ink is discharged from the plurality of print heads included
in the image forming unit 18 on the one-time surface re-
forming region Rf1, in the surface Su1 of the base ma-
terial Bm1, which is reformed into the state appropriate
for the printing by the corona processing performed by
the surface reforming unit 17 to form the second image
Pc2. Then, the transport speed of the base material Bm1
is reduced to suspend the transport of the base material
Bm1 as illustrated in Fig. 14(b). Afterward, the image
forming apparatus according to the second reference ex-
ample performs a backward feed of transporting the base
material Bm1 in a second transport direction D2 opposite
to the first transport direction D1 as illustrated in Fig.
14(c), for example. Next, the image forming apparatus
according to the second reference example performs the
third printing processing corresponding to the third print-
ing job, for example. In the third printing processing, as
illustrated in Fig. 14(d), the transport of the base material
Bm1 in the first transport direction D1 is started, and after
the transport speed of the base material Bm1 is stabi-
lized, ink is discharged from the plurality of print heads
included in the image forming unit 18 on regions Rf1 and
Rf3, in the surface Su1 of the base material Bm1, which
are reformed into the state appropriate for the printing by
the corona processing performed by the surface reform-
ing unit 17 to form the third image Pc3. Next, fourth print-
ing processing corresponding to a fourth printing job is
performed while maintaining the transport of the base
material Bm1 in the first transport direction D1. In the
fourth printing processing, as illustrated in Fig. 14(e), ink
is discharged from the plurality of print heads included in
the image forming unit 18 on the one-time surface re-
forming region Rf1, in the surface Su1 of the base ma-
terial Bm1, which is reformed into the state appropriate
for the printing by the corona processing performed by
the surface reforming unit 17 to form an image (also re-
ferred to as a fourth image) Pc4. Then, the transport
speed of the base material Bm1 is reduced to suspend
the transport of the base material Bm1. Herein, as illus-
trated in Fig. 14(d) and Fig. 14(e), the backward feed of
the base material Bm1 is performed after the second
printing processing, thus the blank BkO which is to be so-
called the waste portion is reduced.

[0027] However, when the backward feed of the base
material Bm1 is performed while the corona processing
is performed by a corona processing device, forexample,
the one-time surface reforming region Rf1 on which the
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corona processing has been performed once and a re-
gion onwhich the corona processing has been performed
three times (also referred to as a three-time surface re-
forming region or a multiple surface reforming region)
Rf3 occur on the surface Su1 of the base material Bm1.
In Fig. 14(c), an oblique-line cross-hatching is provided
in aregion in the base material Bm1 on which the second
reformation is performed in the corona processing by the
surface reforming unit 17 (also referred to as a two-time
surface reforming region) Rf2. In Fig. 14(d) and Fig.
14(e), an oblique-line cross-hatching and a sandy hatch-
ing are overlapped each other and provided in the mul-
tiple surface reforming region Rf3in the base material
Bm1 on which the third reformation is performed in the
corona processing by the surface reforming unit 17. In
the example in Fig. 14(e), the third image Pc3 has a por-
tion formed on the multiple surface reforming region Rf3,
in the surface Su1 in the base material Bm1, on which
the third reformation has been performed in the corona
processing. Specifically, a portion of a length L10 in the
third image Pc3 located near the second image Pc2 is
formed on the multiple surface reforming region Rf3, in
the surface Su1 in the base material Bm1, on which the
corona processing has been performed three times. A
portion in the third image Pc3 located away from the sec-
ond image Pc2 is formed on the one-time surface reform-
ing region Rf1, in the surface Su1 in the base material
Bm1, on which the corona processing has been per-
formed once.

[0028] Thus, adifference in quality of theimage formed
on the surface Su1 in the base material Bm1 may occur
between the one-time surface reforming region Rf1 and
the multiple surface reforming region Rf3, in the surface
Su1 in the base material Bm1, in which the number of
executions of corona processing is different from each
other. For example, in the third image Pc3, a density in
a portion located on the multiple surface reforming region
Rf3 may be lower than a density in a portion located on
the one-time surface reforming region Rf1.

[0029] However, when the base material Bm1 has an
elongated shape, forexample, it is not easy to distinguish
an image, in a plurality of images formed on the surface
Su1 in the base material Bm1, which has the difference
in image quality caused by the difference in the number
of executions of surface reformation processing.

[0030] Such a problem is common in a general image
forming technique having reforming the surface of the
base material before forming the image on the surface
of the base material, for example. Thus, the image form-
ing technique has a room for improvement in being able
to easily distinguish the portion in which the quality of the
image is different from that of a surrounding portion in
the base material from the surrounding portion while ef-
fectively using the base material, for example.

[0031] Thus, the present inventors have created a
technique, in an image forming technique, capable of
easily distinguishing a portion in which a quality of image
is different from that of a surrounding portion in a base
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material from the surrounding portion while effectively
using the base material.

[0032] In this regard, a first embodiment is described
with reference to the drawings hereinafter.

[0033] Fig. 15 is a schematic diagram illustrating an
example of an operation of forming an image by printing
processing in an image forming apparatus according to
a third reference example. The image forming apparatus
according to the third reference example performs se-
quential printing processing (also referred to as first print-
ing processing) corresponding to the first printing job, for
example. In the first printing processing, as illustrated in
Fig. 15(a), the transport of the base material Bm1 in the
first transport direction D1 is started, and after the trans-
port of the base material Bm1 is stabilized, ink is dis-
charged from the plurality of print heads included in the
image forming unit 18 on a region (also referred to a one-
time processing region) Ap1, in the surface Su1 of the
base material Bm1, which is reformed into the state ap-
propriate for the printing in the corona processing per-
formed by the surface reforming unit 17 to form the image
(also referred to as the firstimage) Pc1. Then, the trans-
port speed of the base material Bm1 is reduced to sus-
pend the transport of the base material Bm1. Next, the
image forming apparatus according to the third reference
example performs the sequential printing processing (al-
so referred to as the second printing processing) corre-
sponding to the second printing job, for example. In the
second printing processing, the transport of the base ma-
terial Bm1 in the first transport direction D1 is started,
and after the transport of the base material Bm1 is sta-
bilized, as illustrated in Fig. 15(b), ink is discharged from
the plurality of print heads included in the image forming
unit 18 on the one-time processing region Ap1, in the
surface Su1 of the base material Bm1, which is reformed
into the state appropriate for the printing in the corona
processing performed by the surface reforming unit 17
to form the image (also referred to as the second image)
Pc2. Then, the transport speed of the base material Bm1
is reduced to suspend the transport of the base material
Bm1. Atthis time, the transport speed of the base material
Bm1 is reduced in the end of the first printing processing,
and the transport speed of the base material Bm1 is in-
creased in the beginning of the second printing process-
ing, thus as illustrated in Fig. 15(b), a blank BkO where
no image is formed, that is so-called a waste portion,
occurs between the firstimage Pc1 and the second image
Pc2 on the surface Su1 of the base material Bm1. Herein,
when post-processing such as a UV light irradiation to
the ink is performed after the ink is applied on the surface
Su1 of the base material Bm1, for example, the length
LO of such a waste portion may further increase. Also
considered is a case where the length LO ranges from
several meters to several tens of meters, for example.
[0034] Accordingly, itis considered that the base ma-
terial Bm1 is rolled back to some degree by a reverse
transport (backward feed) after the first printing process-
ing, and then the second printing processing is performed
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to reduce the length of the waste portion.

[0035] Fig. 16 is a schematic diagram illustrating an
example of an operation of forming an image by printing
processing in an image forming apparatus according to
a fourth reference example. The image forming appara-
tus according to the fourth reference example performs
the first printing processing corresponding to the first
printing job, for example. In the first printing processing,
as illustrated in Fig. 16(a), the transport of the base ma-
terial Bm1 in the first transport direction D1 is started,
and after the transport of the base material Bm1 is sta-
bilized, ink is discharged from the plurality of print heads
included in the image forming unit 18 on the one-time
processing region Ap1, in the surface Su1 of the base
material Bm1, which is reformed into the state appropri-
ate for the printing in the corona processing performed
by the surface reforming unit 17 to form the first image
Pc1. Then, the transport speed of the base material Bm1
is reduced to suspend the transport of the base material.
Next, the image forming apparatus according to the
fourth reference example performs the backward feed of
transporting the base material Bm1 in the second trans-
port direction D2 opposite to the first transport direction
D1 asillustratedin Fig. 16(b), forexample. Subsequently,
the image forming apparatus according to the fourth ref-
erence example performs the second printing processing
corresponding to the second printing job, for example. In
the second printing processing, the transport of the base
material Bm1 in the first transport direction D1 is started,
and after the transport of the base material Bm1 is sta-
bilized, as illustrated in Fig. 16(c), ink is discharged from
the plurality of print heads included in the image forming
unit 18 on regions the Ap1 and Ap3, in the surface Su1
of the base material Bm1, which are reformed into the
state appropriate for the printing in the corona processing
performed by the surface reforming unit 17 to form the
second image Pc2. Then, the transport speed of the base
material Bm1 is reduced to suspend the transport of the
base material. Herein, as illustrated in Fig. 16(c), the
backward feed of the base material Bm1 is performed
after the first printing processing, thus the blank BkO
which is to be so-called the waste portion is reduced.
[0036] In the meanwhile, when the backward feed of
the base material Bm1 is performed while the corona
processing is performed, for example, the one-time
processing region Ap1 on which the corona processing
has been performed once and a region on which the co-
rona processing has been performed three times (also
referred to as a multiple processing region) Ap3 occur
on the surface Su1 of the base material Bm1. In the ex-
ample in Fig. 16(c), a portion of alength L10 in the second
image Pc2 located near the firstimage Pc1 is formed on
the multiple processing region Ap3, in the surface Su1
inthe base material Bm1, on which the corona processing
has been performed three times. In Fig. 16(c), an oblique-
line hatching is provided in the one-time processing re-
gion Ap1, and a cross hatching is provided in the multiple
processing region Ap3. A portion in the second image
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Pc2 located away from the first image Pc1 is formed on
the one-time processing region Ap1, in the surface Su1
inthe base material Bm1, on which the corona processing
has been performed once.

[0037] However, a difference in quality of the second
image Pc2 formed on the surface Su1 inthe base material
Bm1 may occur between the one-time processing region
Ap1 and the multiple processing region Ap3, in the sur-
face Su1 in the base material Bm1, in which the number
of executions of corona processing is different from each
other. For example, in the second image Pc2, a density
in a portion located on the multiple processing region Ap3
may be lower than a density in a portion located on the
one-time processing region Ap1.

[0038] Such a problem is common in a general image
forming technique having reforming the surface of the
base material before forming the image on the surface
of the base material, for example. Thus, the image form-
ing technique has a room for improvement in increasing
the quality of the image formed on the base material while
reducing wasteful use of the base material, for example.
[0039] Thus, the present inventors have created a
technique, in an image forming technique, of increasing
the quality of the image formed on the base material while
reducing wasteful use of the base material.

[0040] In this regard, a second embodiment is de-
scribed with reference to the drawings hereinafter.
[0041] In each drawing, identical reference signs are
given to parts having similar configurations and functions,
and an overlapping explanation is omitted in the following
description. The drawings are schematically illustrated.
lllustrated in Fig. 1 is a right-handed XYZ coordinate sys-
tem in which a direction, in which a rotational axis Sh1
of a feed unit 15 and a rotational axis Sh2 of a recovery
unit 19 extend (also referred to as an axial direction), is
defined as a Y axis direction. Rotational directions of rolls
RI1 and R12 and a transport direction of the base material
Bm1 are indicated by thick-line arrows in Figs. 1, 3 to 6,
8, 10, 11, and 13 to 16 described above. In Fig. 3 and
Fig. 4, an oblique-line hatching is provided in the one-
time surface reforming region Rf1 in the base material
Bm1inthe manner similarto Fig. 13 and Fig. 14 described
above. InFig. 4, in the manner similar to Fig. 14 described
above, an oblique-line cross-hatching is provided in the
two-time surface reforming region Rf2 in the base mate-
rial Bm1, and an oblique-line cross-hatching and a sandy
hatching are overlapped each other and provided in the
three-time surface reforming region Rf3 in the base ma-
terial Bm1.

<1. Configuration of image forming apparatus>

[0042] Fig. 1 is a drawing illustrating an example of a
schematic configuration of an image forming apparatus
1 common to the first embodiment and the second em-
bodiment. Fig. 2 is a block diagram illustrating an exam-
ple of a functional configuration of the image forming ap-
paratus 1 common to the first embodiment and the sec-
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ond embodiment. The image forming apparatus 1 in-
cludes, for example, the feed unit 15, a transport mech-
anism 16, the surface reforming unit 17, the image form-
ing unit 18, the recovery unit 19, and a control unit 10.
The image forming apparatus 1 includes, for example,
an input unit 11, an output unit 12, a storage unit 13, and
a communication unit 14. The image forming apparatus
1 may include a detection unit 20, for example. The image
forming apparatus 1 may further include a first splice unit
Sp1, a second splice unit Sp2, and a cleaning unit 1Cl,
for example.

<1-1. Feed unit>

[0043] The feed unit 15 can supply the base material
Bm1 to a predetermined transport path IRt. The prede-
termined transport path IRt is a path along which the base
material Bm1 is transported from the feed unit 15 to the
recovery unit 19. The feed unit 15 rolls out the elongated
sheet-like (band-like) base material Bm1 from the roll RI1
around which the base material Bm1 is cylindrically
rolled, thereby being able to supply the base material
Bm1 to the transport path IRt. Paper, a film made of pol-
yethylene terephthalate (PET) or the like, for example,
is adopted as the base material Bm1. In the example in
Fig. 1, the feed unit 15 has the rotational axis Sh1. The
rotational axis Sh1 is provided in a housing 1Bd or the
like of the image forming apparatus 1, so as to be rotat-
able around a virtual axis along the Y axis direction. The
roll RI1 is attached to an outer peripheral part of the ro-
tational axis Sh1. When the roll RI1 is attached to the
rotational axis Sh1, the rotational axis Sh1 is inserted
into a through hole of aroll core inthe rollRI1, forexample.
Then, when the base material Bm1 rolled out from an
outer peripheral part of the roll RI1 is transported along
the transport path 1Rt by the transport mechanism 16
and rolled up by the recovery unit 19, for example, the
roll RI1 rotates with the rotational axis Sh1 around the
virtual axis along the Y axis direction. The base material
Bm1 is thereby rolled out from the outer peripheral part
of the roll RI1, and one sheet of the base material Bm1
is peeled from the outer peripheral part of the roll RI1.
The feed unit 15 can also roll back the base material Bm1
which has been rolled out once from the roll RI1, using
a rotation of the rotational axis Sh1 caused by drive force
of a first motor 15m, for example.

<1-2. Transport mechanism>

[0044] The transport mechanism 16 can transport the
base material Bm1 supplied from the feed unit 15 along
the transport path IRt. The transport mechanism 16 has,
for example, first to twenty-second rollers R1 to R22, a
meandering correction unit 1Pc, a first drive unit D1a,
and a second drive unit D1b. The first to twenty-second
rollers R1 to R22 are provided in the housing 1Bd and
the like of the image forming apparatus 1 so as to be
each rotatable around the virtual axis along the Y axis
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direction. The transport mechanism 16 may include the
first motor 15m and a second motor 19m.

[0045] Inthe example in Fig. 1, the base material Bm1
supplied from the feed unit 15 can go sequentially through
each outer peripheral part of the first to third rollers R1
to R3 and reach the surface reforming unit 17. The base
material Bm1 which has passed through the surface re-
forming unit 17 can go sequentially through each outer
peripheral part of a fourth roller R4 and a fifth roller R5
and reach the meandering correction unit 1Pc. The me-
andering correction unit 1Pc can reduce the meandering
of the base material Bm1 transported along the transport
path 1Rt, for example. Applicable to the meandering cor-
rection unit 1Pc is a mechanism controlling at least one
of a position of an end portion of the base material Bm1
in a width direction and a position of a center of the base
material Bm1 in the width direction, for example. The
base material Bm1 which has passed through the me-
andering correction unit 1Pc can go through each outer
peripheral part of sixth to eighth rollers R6 to R8 and
reach the first drive unit D1a. The first drive unit D1a has
a drive roller Rm1 rotatable around a virtual axis along
the Y direction by drive force of the first drive motor M1a,
and can transport the base material Bm1 along the trans-
port path IRt by a rotation of the drive roller Rm1, for
example. The base material Bm1 which has passed
through the first drive unit D1a can go through each outer
peripheral part of ninth to thirteenth rollers R9 to R13, a
plurality of fourteenth rollers R14, and fifteenth to eight-
eenth rollers R15 to R18 and reach the second drive unit
D1b. The second drive unit D1b has a drive roller Rm2
rotatable around a virtual axis along the Y direction by
drive force of the second drive motor M1b, and can trans-
port the base material Bm1 along the transport path 1Rt
by a rotation of the drive roller Rm2, for example. The
base material Bm1 which has passed through the second
drive unit D1b can go through each outer peripheral part
of nineteenth to twenty-second rollers R19 to R22 and
reach the recovery unit 19.

<1-3. Surface reforming unit>

[0046] The surface reforming unit 17 can perform
processing of reforming the surface Su1 of the base ma-
terial Bm1 (also referred to as surface reformation
processing) in a first region Ar1 (described hereinafter)
along the transport path IRt, for example. Herein,
processing of giving energy to the surface Su1 of the
base material Bm1 is applied to the surface reformation
processing, for example. Thus, the first region Ar1 is a
region being set on the transport path IRt and in which
the energy can be given from the surface reforming unit
17 to the base material Bm1. Herein, the surface Su1 of
the base material Bm1 before the image is formed is ac-
tivated by processing of giving the energy (preprocess-
ing), and ink is easily fixed on the surface Su1.

[0047] In the first embodiment and the second embod-
iment, the surface reforming unit 17 has a support roller

10

15

20

25

30

35

40

45

50

55

17a and a reformation processing unit 17b, for example.
The support roller 17a can rotate around a virtual axis
along the Y axis direction, and can support the base ma-
terial Bm1 on an outer peripheral part of the support roller
17a so that the surface Su1 faces the reformation
processing unit 17b. The reformation processing unit 17b
can give energy to the surface Su1 of the base material
Bm1 supported by the outer peripheral part of the support
roller 17a, for example. Herein, applicable to the refor-
mation processing unit 17b is a unit which gives the en-
ergy to the surface Su1 of the base material Bm1 by an
irradiation of ion generated by corona discharge, thereby
being able to reform the surface Su1 of the base material
Bm1 (also referred to as a corona discharge unit). Also
applicable to the reformation processing unit 17b is a unit
of reforming the surface Su1 of the base material Bm1
which gives the energy to the surface Su1 of the base
material Bm1 by an irradiation of plasma (also referred
to as a plasma irradiation unit).

<1-4. Image forming unit>

[0048] The image forming unit 18 can form an image
on the surface Su1 of the base material Bm1 in a second
region Ar2 (described hereinafter) located between the
surface reforming unit 17 and the recovery unit 19 along
the transport path IRt, for example. Specifically, in the
second region Ar2, the image forming unit 18 can form
an image on the surface Su1 in the base material Bm1
which is reformed in the surface reformation processing
by the surface reforming unit 17. The second region Ar2
is aregion being seton the transport path IRt and in which
the image can be formed on the surface Su1 of the base
material Bm1 by the image forming unit 18. In the first
embodiment and the second embodiment, the second
region Ar2 is located in part of the transport path 1Rt
where the base material Bm1 is supported by the plurality
of fourteenth rollers R14 from below. In the first embod-
iment and the second embodiment, the image forming
unit 18 has a unit (also referred to as a discharge unit)
18h capable of discharging ink toward the surface Su1
of the base material Bm1, for example. Accordingly, the
image can be formed on the surface Su1 of the base
material Bm1 by ink-jet printing or the like, for example.
Thus, herein, the second region Ar2 is a region being set
on the transport path IRt and in which the image can be
formed by discharging ink drops or the like toward the
base material Bm1 from the image forming unit 18.

[0049] The image forming unit 18 has one or more dis-
charge units 18h capable of discharging ink of one or
more colors, for example. Herein, assuming a case
where an image in full color is formed on a sheet of white
paper, ink of four colors (cyan, magenta, yellow, and
black), for example, is applied to the ink of one or more
colors. Herein, assuming a case where an image in full
color is formed on a transparent film, ink of five colors
(cyan, magenta, yellow, black, and white), for example,
is applied to the ink of one or more colors. Ink of the other
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color such as blue and violet, for example, may be applied
to the ink of one or more colors. In the example in Fig.
1, the eight discharge units 18h are arranged on an upper
side of the second region Ar2 in a direction in which the
base material Bm1 is transported.

[0050] When the ink of one or more colors is a type of
ink hardened in accordance with ultraviolet (UV) light ir-
radiation (also referred to as a UV cure ink), the image
forming unit 18 may include a lamp (also referred to as
a UV lamp) 18u capable of irradiating, with the UV light,
the UV cure ink of one or more colors attached on the
surface Su1 of the base material Bm1 by one or more
discharge units 18h, for example.

<1-5. Recovery unit>

[0051] The recovery unit 19 can recover the base ma-
terial Bm1 transported along the transport path 1Rt by
the transport mechanism 16, for example. The recovery
unit 19 rolls up the band-like base material Bm1 on which
the image is formed by the image forming unit 18, thereby
being able to recover the base material Bm1 from the
transport path IRt, for example. In the example in Fig. 1,
the recovery unit 19 has the rotational axis Sh2. The ro-
tational axis Sh2 is provided in the housing 1Bd or the
like of the image forming apparatus 1 so asto be rotatable
around the virtual axis along the Y axis direction. Herein,
the base material Bm1 is rolled up around the outer pe-
ripheral part of the rotational axis Sh2 by a rotation of the
rotational axis Sh2 caused by drive force of the second
motor 19m, thus the roll RI2 is formed around the rota-
tional axis Sh2.

<1-6. Control unit>

[0052] The control unit 10 has an arithmetic unit (also
referred to as a processing unit) such as a central
processing unit (CPU) and an electrical circuit such as a
memory, for example. The control unit 10 executes a
program stored in a storage unit 13 using the arithmetic
unit, thereby being able to collectively control each unit
in the image forming apparatus 1. In other words, the
control unit 10 can achieve the functions of the image
forming apparatus 1. For example, the control unit 10
can form the image on the surface Su1 of the base ma-
terial Bm1 using the transport mechanism 16 and the
image forming unit 18. More specifically, for example,
the control unit 10 controls the transport mechanism 16,
the surface reforming unit 17, and the image forming unit
18 based on image data, thereby being able to form the
image on the surface Su1 of the base material Bm1 re-
formed in the surface reformation processing. Herein,
the image data may be included in various types of data
stored in the storage unit 13, for example.

<1-7. Other configuration>

[0053] The inputunit 11 caninput a signal correspond-
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ing to an operation and the like of an operator using the
image forming apparatus 1, for example. The input unit
11 may include an operation unit, a microphone, and var-
ious sensors, for example. The operation unit may in-
clude a mouse, a keyboard and the like through which
the signal corresponding to the operation of the operator
can be input. The microphone can input a signal corre-
sponding to a voice of the operator. The various sensors
can input a signal corresponding to a motion of the op-
erator.

[0054] The output unit 12 can output various types of
information in the image forming apparatus 1, for exam-
ple. The output unit 12 may include a display unit, a
speaker and the like, for example. The display unit can
visually output various types of information in such a form
as the operator can recognize, for example. A liquid crys-
tal display, an organic EL display or the like, for example,
may be applied to the display unit. In the display unit, a
display panel serves as a region where the various types
of information are visually output (also referred to as a
display region). The display unit may have a form of a
touch panelintegrated with the inputunit 11. The speaker
can audibly output various types of information in such
a form as the operator can recognize, for example.
[0055] The storage unit 13 can store various types of
information, for example. The storage unit 13 may be
made up of a storage medium such as a hard disk or a
flash memory, for example. Adoptable in the storage unit
13 is a configuration having one storage medium, a con-
figuration integrally having two or more storage media,
and a configuration having two or more storage media
separately in two or more parts. The storage unit 13 may
store a program and various types of data, for example.
[0056] The communication unit 14 can perform a data
communication with an external device 3 via a commu-
nication line 2, for example. The communication unit 14
can obtain a program and various types of data such as
image data from the external device 3 via the communi-
cation line 2, for example. The storage unit 13 may ap-
propriately store the program and the various types of
data obtained in the communication unit 14.

[0057] The detection unit 20 can detect an index (the
number of rotations, a rotational angle and the like) on a
rotation of the roller included in the transport mechanism
16, for example. In the example in Fig. 1, arotary encoder
capable of detecting an index on a rotation of the fifteenth
roller R15 is applied to the detection unit 20. In this case,
the control unit 10 can recognize a transport direction, a
transport distance and the like of the base material Bm1
along the transport path IRt in the transport mechanism
16, for example, based on a signal corresponding to the
index detected in the detected unit 20. Thus, the control
unit 10 can control a direction in which the base material
Bm1 is transported and a distance at which the base
material Bm1 is transported based on the signal corre-
sponding to the index on the rotation transmitted from
the detection unit 20, for example. For example, when
the second drive motor M1b in the transport mechanism
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16 is a pulse motor, the control unit 10 may control the
distance at which the base material Bm1 is transported
in adirection (also referred to as afirst transport direction)
D1 toward the recovery unit 19 along the transport path
IRt by using the number of pulses for driving the second
drive motor M1b. For example, when the first drive motor
M1a in the transport mechanism 16 is a pulse motor, the
control unit 10 may control the distance at which the base
material Bm1 is transported in a direction (also referred
to as a second transport direction) D2 toward the feed
unit 15 opposite to the first transport direction D1 along
the transport path IRt by using the number of pulses for
driving the first drive motor M1a.

[0058] The first splice unit Sp1 can overlap and cut a
tail of the base material Bm1 lead out from the first roll
RI1 and a head of the base material Bm1 lead out from
the second roll RI1, and then splice them on a table along
the transport path 1Rt when a second roll RI1 is attached
to the feed unit 15 after the first roll RI1 is attached.
[0059] The second splice unit Sp2 can overlap and cut
the head the base material Bm1 after being cut and the
band-like base material Bm1 located to be rolled up by
the rotational axis Sh2 after cutting a part of the base
material Bm1 rolled up by a third roll RI2, and then splice
them on a table along the transport path 1Rt when the
third roll RI2 is detached from the recovery unit 19 and a
next fourth roll RI2 is formed in the recovery unit 19, for
example.

[0060] The cleaning unit 1Cl can clean the surface Su1
of the base material Bm1, for example. In the example
in Fig. 1, the cleaning unit 1Cl is located between the first
splice unit Sp1 and the surface reforming unit 17.

<2.Image forming operation in image forming apparatus
according to first embodiment>

[0061] Each ofFig.3 andFig. 4 is a schematic diagram
for describing an example of an operation of forming an
image by printing processing (also referred to as an im-
age forming operation) in the image forming apparatus
1 according to the first embodiment.

[0062] Fig. 3(a) illustrates an initial state of the image
forming apparatus 1. That is to say, the transport of the
base material Bm1 performed by the transport mecha-
nism 16, the reformation of the base material Bm1 per-
formed by the surface reforming unit 17, and the forma-
tion of the image on the base material Bm1 performed
by the image forming unit 18 are suspended. The trans-
port mechanism 16 can transport the base material Bm1
in a direction indicated by a thick-line arrow D1 (referred
to as the first transport direction D1). In other words, the
control unit 10 can make the transport mechanism 16
perform the operation of transporting the base material
Bm1 in the first transport direction D1 along the transport
path IRt (also referred to as a first transport operation),
for example. Herein, aregion in which the energy can be
given from the surface reforming unit 17 to the base ma-
terial Bm1 is set on the transport path IRt. This region is
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referred to as the first region Ar1. Herein, an end portion
on an upstream side of the first region Ar1 in a forward
direction of the transport (the first transport direction) D1
is defined as a first position PI, and an end portion on a
downstream side of the first region Ar1 in the first trans-
port direction D1 is defined as a second position P2. A
region in which the image can be formed by discharging
ink drops toward the base material Bm1 from the image
forming unit 18 is set on the transport path IRt. This region
is referred to as the second region Ar2. Herein, an end
portion on an upstream side of the second region Ar2 in
thefirsttransportdirection D1 is defined as a third position
P3, and an end portion on a downstream side of the sec-
ond region Ar2 in the first transport direction D1 is defined
as a fourth position P4.

[0063] Fig. 3(b) illustrates a state immediate after the
beginning of the giving the energy from the surface re-
forming unit 17 to the base material Bm1 while the trans-
port mechanism 16 transports the base material Bm1 in
the first transport direction D1. In this time, the region on
which the surface reformation processing is performed
by the surface reforming unit 17 only once (one-time sur-
face reforming region) Rf1 is sequentially formed on the
base material Bm1 in parallel with the transport of the
base material Bm1. Herein, an end portion on a down-
stream side of the one-time surface reforming region Rf1
in the first transport direction D1 is referred to as a first
end portion t1.

[0064] The following Fig. 3(c) illustrates a state where
the transport mechanism 16 further transports the base
material Bm1 in the firsttransport direction D1. More spe-
cifically, Fig. 3(c)illustrates a state where the image form-
ing unit 18 completes the formation of the firstimage Pc1
as a primary image. The first image Pc1 is formed in
response to a command of forming the image corre-
sponding to firstimage data (for example, the first printing
job orthe like). The image forming unit 18 starts discharg-
ing the ink drop toward the one-time surface reforming
region Rf1 to form the first image Pc1 at the time when
the first end portion t1 of the base material Bm1 passes
through the third position P3.

[0065] The following Fig. 3(d) illustrates a state where
the transport mechanism 16 further transports the base
material Bm1 in the firsttransport direction D1. More spe-
cifically, Fig. 3(d)illustrates a state where the image form-
ing unit 18 forms the second image Pc2 as a secondary
image. The second image Pc2 is formed in response to
a command of forming the image corresponding to sec-
ond image data (for example, the second printing job or
the like). Herein, a region where no image is formed (also
referred to as a first non-image forming region) B1 is dis-
posed between the firstimage Pc1 and the second image
Pc2 on the base material Bm1. In other words, the first
non-image forming region B1 constitutes a portion be-
tween the firstimage Pel and the second image Pc2. The
firstimage Pc1 and the second image Pc2 are separated
by an interval d1 in the first transport direction D1 on the
one-time surface reforming region Rf1. However, for ex-
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ample, an end portion of each of the firstimage Pc1 and
the second image Pc2 may be in contact with each other
in the first transport direction D1. In this case, the interval
d1 is set to zero. In other words, the portion between the
first image Pc1 and the second image Pc2 may simply
constitute a boundary between the first image Pc1 and
the second image Pc2.

[0066] The following Fig. 4(a) illustrates a state where
the transport of the base material Bm1 performed by the
transport mechanism 16 is suspended after the image
forming unit 18 completes the formation (image record-
ing) of the second image Pc2. Herein, an end portion on
an upstream side of the second image Pc2 in the first
transport direction D1 is defined as a second end portion
t2. Herein, the control unit 10 gradually reduces the trans-
port speed of the base material Bm1 transported by the
transport mechanism 16, and suspends the base mate-
rial Bm1 after the formation of the second image Pc2 is
completed. Thus, the second end portion t2 is located
nearer the downstream side in the first transport direction
D1 in relation to the fourth position P4 in the state of Fig.
4(a). Herein, a position of the second end portion t2 in
the first transport direction D1 at this time is defined as
a fifth position P5. An end portion on an upstream side
of the one-time surface reforming region Rf1 in the first
transport direction D1 atthe time of suspending the trans-
port of the base material Bm1 is defined as a third end
portion t3.

[0067] Next, the transport mechanism 16 can achieve
the transport of the base material Bm1 in the second
transport direction D2 (also referred to as areverse trans-
port or a backward feed). The second transport direction
D2 is opposite to the first transport direction D1 that is
the transport direction at the time of forming the first im-
age Pc1 and the second image Pc2 on the surface Su1
of the base material Bm1. In other words, the control unit
10 can make the transport mechanism 16 perform the
operation of transporting the base material Bm1 having
a portion where the image is formed (also referred to as
an image formation-completed portion) in the second
transport direction D2 along the transport path 1Rt (also
referred to as a second transport operation), forexample.
Thus, the third image Pc3 can be formed in response to
a command of forming the image corresponding to third
image data (for example, the third printing job or the like)
in a region immediately behind the second image Pc2
which has been already formed (the upstream side in the
first transport direction D1) on the surface Su1 of the
base material Bm1, for example. Accordingly, the length
of so-called the waste portion can be reduced.

[0068] Herein, the distance of the backward feed of the
base material Bm1 may be recognized based on the sig-
nal corresponding to the index on the rotation detected
in the detection unit 20, for example. In this case, the
control unit 10 can control a distance of the backward
feed of the base material Bm1 based on the signal cor-
responding to the index on the rotation transmitted from
the detection unit 20, for example. For example, when
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the first drive motor M1a in the transport mechanism 16
is a pulse motor, the control unit 10 may control the dis-
tance of the backward feed of the base material Bm1 by
using the number of pulses for driving the first drive motor
M1a.

[0069] The following Fig. 4(b) illustrates a state where
the transport of the base material Bm1 in the second
transport direction D2 performed by the transport mech-
anism 16 is suspended. The transport mechanism 16
suspends the transport of the base material Bm1 in the
second transport direction D2 when the second end por-
tion t2 reaches a sixth position P6. Here, the base ma-
terial Bm1 is suspended when the second end portion t2
moves by a sum of a first distance L1a (an interval be-
tween the third position P3 and the fifth position P5) and
a second distance L2a (an interval between the third po-
sition P3 and the sixth position P6)in the second transport
direction D2. Herein, the first distance L1a is a distance
between an end portion on the upstream side of the sec-
ond region Ar2 in the first transport direction D1 (the third
position P3) and an end portion on the upstream side in
the first transport direction D1 of the image located on
an uppermost stream side in the first transport direction
D1 (the second image Pc2) at the time of suspending the
transport of the base material Bm1 in the first transport
direction D1 (the state illustrated in Fig. 4(a)). A meaning
of the second distance L2a is described hereinafter.
Herein, the surface reforming unit 17 gives the energy to
the one-time surface reforming region Rf1 in the base
material Bm1 in accordance with the movement of the
base material Bm1 in the second transport direction D2.
The surface reforming unit 17 thereby forms the region
on which the surface reformation processing has been
performed twice (the two-time surface reforming region)
Rf2 in the surface Su1 of the base material Bm1. Fig.
4(b) illustrates an end portion on a downstream side of
the two-time surface reforming region Rf2 in the second
transport direction D1 as a fourth end portion t4. In the
example in Fig. 4(b), the surface reformation processing
is performed on a region in the second image Pc2 ranging
from the second end portion t2 on the upstream side in
the first transport direction D1 to a portion p4 from above
the second image Pc2.

[0070] The following Fig. 4(c) illustrates a state where
the transport mechanism 16 starts transporting the base
material Bm1 in the first transport direction D1 again.
Herein, the surface reforming unit 17 firstly performs sec-
ond surface reformation processing on the region in the
second image Pc2 ranging from portion p4 to the second
end portion t2 from above the second image Pc2. Sub-
sequently, the surface reforming unit 17 gives the energy
to the surface Su1 with the fourth end portion t4 in the
lead, and forms the region (the three-time surface re-
forming region) Rf3 on which third surface reformation
processing has been performed to overlap with the two-
time surface reforming region Rf2. The three-time sur-
face reforming region Rf3 is a reforming region, in the
surface Su1l of the base material Bm1, in which the
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number of executions of surface reformation processing
performed by the surface reforming unit 17 is larger than
that in a surrounding region, and is also referred to as
the multiple surface reforming region. The image forming
unit 18 starts forming the image from a position located
on the upstream side in the first transport direction D1
away from a back-end portion of the second image Pc2
(the second end portion t2) by an interval d2. The forma-
tion of the primary image (also referred to as the third
image) Pc3 after the restart of the image formation is
thereby started. The third image Pc3 is formed in re-
sponse to a command of forming the image correspond-
ing to third image data (for example, the third printing job
or the like). Herein, a region where no image is formed
(also referred to as a second non-image forming region)
B2 is disposed between the second image Pc2 and the
thirdimage Pc3 on the base material Bm1. In other words,
the second non-image forming region B2 constitutes a
portion between the second image Pc2 and the third im-
age Pc3. The second image Pc2 and the third image Pc3
are separated by the interval d2 in the first transport di-
rection D1 on the three-time surface reforming region
(the multiple surface reforming region) Rf3. Herein, an
end portion on a downstream side of the third image Pc3
in the first transport direction D1 is defined as a fifth end
portion t5.

[0071] Herein, the transport mechanism 16 gradually
increases the transport speed of the base material Bm1
andtransports the base material Bm1 inthe first transport
direction D1 from the state illustrated in Fig. 4(b) (the
state where the second end portion t2 is located in the
sixth position P6). The transport speed of the base ma-
terial Bm1 is preferably increased to a speed appropriate
to form the image performed by the image forming unit
18 on the surface Su1 of the base material Bm1 before
the second end portion t2 reaches the third position P3.
In this case, the second distance L2a which is the interval
between the third position P3 and the sixth position P6
needs to be set to a distance necessary to increase the
speed of the base material Bm1 transported by the trans-
port mechanism 16.

[0072] The following Fig. 4(d) illustrates a state where
the transport mechanism 16 further transports the base
material Bm1 in the first transport direction D1. More spe-
cifically, Fig. 4(d)illustrates a state where the image form-
ing unit 18 forms the secondary image (also referred to
as the fourth image) Pc4 after the restart of the image
formation. The fourth image Pc4 is formed in response
to a command of forming the image corresponding to
fourth image data (for example, the fourth printing job or
the like). Herein, a region where noimage is formed (also
referred to as a third non-image forming region) B3 is
disposed between the third image Pc3 and the fourth
image Pc4 on the base material Bm1. In other words, the
third non-image forming region B3 constitutes a portion
between the third image Pc3 and the fourth image Pc4.
The third image Pc3 and the fourth image Pc4 are sep-
arated by the interval d1 in the first transport direction D1
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on the one-time surface reforming region Rf1. However,
for example, an end portion of each the third image Pc3
and the fourth image Pc4 may be in contact with each
other in the first transport direction D1. In this case, the
interval d1 is set to zero. In other words, the portion be-
tween the third image Pc3 and the fourth image Pc4 may
simply constitute a boundary between the third image
Pc3 and the fourth image Pc4.

[0073] Inthe meanwhile, as illustrated in Fig. 4(c) and
Fig. 4(d), the interval d1 between the firstimage Pc1 and
the second image Pc2 sequentially formed before the
transport of the base material Bm1 in the first transport
direction D1 is suspended and the interval d2 between
the second image Pc2 and the third image Pc3 sequen-
tially formed with the suspension of the transport of the
base material Bm1 in the first transport direction D1 in
between have sizes (lengths) different from each other
in the first transport direction D1. In other words, the first
non-image forming region B1 between the first image
Pc1 and the second image Pc2 and the second non-
image forming region B2 between the second image Pc2
and the third image Pc3 have the sizes (lengths) different
from each other. As illustrated in Fig. 4(d), the interval
d2 between the second image Pc2 and the third image
Pc3 sequentially formed with the suspension of the trans-
port of the base material Bm1 in the first transport direc-
tion D1 in between and the interval d1 between the third
image Pc3 and the fourth image Pc4 sequentially formed
after the restart of the transport of the base material Bm1
in the first transport direction D1 have sizes (lengths)
different from each other in the first transport direction
D1. In other words, the second non-image forming region
B2 between the second image Pc2 and the third image
Pc3 and the third non-image forming region B3 between
the third image Pc3 and the fourth image Pc4 have the
sizes (lengths) different from each other.

[0074] Herein, each of the first non-image forming re-
gion B1 with the interval d1, the second non-image form-
ing region B2 with the interval d2, and the third non-image
forming region B3 with the interval d1 is a region in blank
where no image is formed (also referred to as a blank
region). Thus, a worker can distinguish whether each
blank region is a region formed on the one-time surface
reforming region Rf1 or a region formed on the three-
time surface reforming region Rf3 based on the differ-
ence in the size (the width and the area, for example) of
the blank region. In the present embodiment, the blank
region having relatively a small area (the region corre-
sponding to the interval d1) is a region formed on the
one-time surface reforming region Rf1 and the blank re-
gion having relatively a large area (the region corre-
sponding to the interval d2) is a region formed on the
three-time surface reforming region Rf3. Accordingly, the
image formed on the multiple surface reforming region
Rf3 (the third image Pc3 herein) can be easily distin-
guished from the image formed on the one-time surface
reforming region (the firstimage Pc1, the second image
Pc2, and the fourth image Pc4 herein) based on the size
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of the width of the blank region as the interval formed
between the images. Herein, the blank region having rel-
atively the large area may be associated with the one-
time surface reforming region Rf1, and the blank region
having relatively the small area may be associated with
the three-time surface reforming region Rf3. One of the
interval d1 and the interval d2 may be set to zero. The
interval d1 of the first non-image forming region B1 and
the interval d1 of the third non-image forming region B3
may be different from each other to some degree within
a range in which a magnitude relationship between the
interval d1 and the interval d2 can be visually recognized
easily, for example.

[0075] Inthe presentembodiment, asillustrated in Fig.
4(b) and Fig. 4 (c), the second image Pc2 is formed on
the one-time surface reforming region Rf1. The surface
reformation processing is not performed on a tip portion
side of the second image Pc2 (a portion on a side nearer
the first image Pc1) from above the second image Pc2,
however, the surface reformation processing is per-
formed twice on a back-end portion side of the second
image Pc2 (a portion ranging from the portion p4 to the
second portion t2) from above the second image Pc2.
Thus, there is a possibility that a color of the image is
different between the tip portion side and the back-end
portion side of the second image Pc2. A risk of occur-
rence of such a defect can be reduced by setting the
timing of suspending the transport (backward feed) of
the base material Bm1 in the second transport direction
D2 and restarting the transport of the base material Bm1
in the first transport direction D1 later than the timing
illustrated in Fig. 4(b), for example. That is to say, the
risk of occurrence of the above defect can be reduced
by making the distance L2a longer than the length illus-
trated in Fig. 4(b). More specifically, for example, it is
sufficient that the transport of the base material Bm1 in
the second transport direction D2 is suspended and the
transport of the base material Bm1 in the first transport
direction D1 is restarted, at a time when the tip portion
on the downstream side of the second image Pc2 in the
first transport direction D1 reaches the second position
P2.

[0076] Herein, when the second image Pc2 or the third
image Pc3 is an image in which the same pattern is re-
petitively formed without space in the first transport di-
rection D1 or patterns different from each other are se-
quentially formed without space, the interval d2 may be
set to a multiple of a natural number of a unit length of
one patterninthefirsttransportdirection D1, forexample.
A length for one page may be applied to the unit length
of one pattern, for example. Accordingly, a gap hardly
occurs between a pitch at which the patterns are ar-
ranged in the second image Pc2 or the third image Pc3
and the width d2 of the second non-image forming region
B2, for example. As a result, workability in cutting the
base material Bm1 is hardly reduced when the base ma-
terial Bm1 is cut along the pattern formed on the surface
Su1 of the base material Bm1 after the roll R12 is carried
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out of the image forming apparatus 1, forexample. When
the second image Pc2 is an image formed of one pattern,
the interval d2 may be setto a multiple of a natural number
of the length of the second image Pc2 in the first transport
direction D1, and when the third image Pc3 is an image
formed of one pattern, the interval d2 may be set to a
multiple of a natural number of the length of the third
image Pc3 in the first transport direction D1, for example.
[0077] Fig.5is aplanviewillustrating animage formed
on the surface Su1 of the base material Bm1 in the image
forming apparatus 1 according to the first embodiment.
[0078] Inthe example in Fig. 5(a), the one-time surface
reforming region Rf1, the multiple surface reforming re-
gion Rf3 (a width L3), and the one-time surface reforming
region Rf1 are formed in this order from the downstream
side in the first transport direction D1 in the surface Su1
of the base material Bm1. The first image Pel and the
second image Pc2 are formed on the first one-time sur-
face reforming region Rf1, the third image Pc3 are formed
on the subsequent multiple surface reforming region Rf3,
and part of the third image Pc3, the fourth image Pc4,
and the fifth image Pc5 are formed on the further subse-
quent one-time surface reforming region Rf1.

[0079] Thefirstnon-image formingregion B1 (the width
d1) intervenes between the firstimage Pc1 and the sec-
ond image Pc2, the second non-image forming region
B2 (the width d2) intervenes between the second image
Pc2 and the third image Pc3, the third non-image forming
region B3 (the width d1) intervenes between the third
image Pc3 and the fourth image Pc4, and the fourth non-
image forming region B4 (the width d1) intervenes be-
tween the fourth image Pc4 and the fifth image Pc5.
[0080] In the example in Fig. 5(a), the length of the
width d2 of the second non-image forming region B2 and
the length of the width d1 of the third non-image forming
region B3 differ from each other. This configuration can
indicate that the third image Pc3 is formed on the multiple
surface reforming region Rf3 and the fourth image Pc4
is formed on the one-time surface reforming region Rf1.
[0081] Fig. 5(b) illustrates a case where the width L3
of the multiple surface reforming region Rf3 is larger than
that in the example in Fig. 5(a). The width L3 of the mul-
tiple surface reforming region Rf3 increases, thus part of
the fourth image Pc4 is formed on the multiple surface
reforming region Rf3 in the example in Fig. 5(b). In the
example in Fig. 5(b), the width of the third non-image
forming region B3 is changed from d1 to d2 in response
to this. This configuration can indicate that the part of the
fourth image Pc4 is formed on the multiple surface re-
forming region Rf3. In this case, the length of the width
d2 of the second non-image forming region B2 and the
length of the width d2 of the third non-image forming re-
gion B3 may be different from each other to some degree
within arange in which a worker, forexample, can visually
recognize a magnitude relationship between the width
d1 and the width d2 easily.

[0082] Inthe exampleinFigs.5(a)and 5(b), non-image
forming regions B (specifically, a Yt non-image forming
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region BY (Y is a natural number)) having widths different
from each other intervene between the sequential plu-
rality of images Pc (specifically, an Xt image PcX (X is
a natural number)), thus the Xth image PcX formed on
the multiple surface reforming region Rf3 can be distin-
guished from the other Xt image PcX. However, itis also
applicable that a specific image is formed instead of in-
tervening the Yth non-image forming region BY, thus the
Xth image PcX formed on the multiple surface reforming
region Rf3 can be distinguished from the other Xthimage
PcX.

[0083] For example, in the example in Fig. 5(c), the
second image Pc2 is formed on the one-time surface
reforming region Rf1 and the third image Pc3 is formed
on the multiple surface reforming region Rf3. Thus, in the
example in Fig. 5(c), a specific pattern is formed on a
region (also referred to as a specific image region) B2A
between the second image Pc2 and the third image Pc3
to indicate that the third image Pc3 is formed on the mul-
tiple surface reforming region Rf3. The specific pattern
is not particularly limited as long as it can be distinguished
from the region between the other Xt regions PcX (the
region B1 between the first image Pc1 and the second
image Pc2, the region B3 between the third image Pc3
and the fourth image Pc4, and the region B4 between
the fourth image Pc4 and the fifth image Pc5). For ex-
ample, a color, a density, or a contrast may differ. Widths
of these four regions B1 to B4 may be the same or dif-
ferent from each other. However, when the widths are
the same, there is an advantage that a pitch of the first
image Pc1 to the fifth image Pc5 can be maintained.
[0084] Alternatively, as illustrated in Fig. 5(d), a region
in which a broken line or the like having almost no width
in the first transport direction D1 is drawn may be applied
to the region B2A. Herein, for example, when the second
image Pc2 or the third image Pc3 is an image in which
the same pattern is repetitively formed without space in
the first transport direction D1 or patterns different from
each other are sequentially formed without space, a dif-
ference hardly occurs between a pitch at which the pat-
terns are arranged in the second image Pc2 or the third
image Pc3 and the specified image region B2A as long
as the width d3 of the region B2A in the first transport
direction D1 is set to a multiple of a natural number of a
unitlength of one pattern in the first transport direction D1.
[0085] Forexample, as illustrated in Fig. 6(a) and Fig.
6(b), the non-image forming region having the width d2
similar to that of the second non-image forming region
B2 may be formed along the third end portion t3 on an
upstream side of the multiple surface reforming region
Rf3 in the first transport direction D1. For example, as
illustrated in Fig. 6(c) and Fig. 6(d), the specific image
region B2A may be formed along the third end portion t3
on the upstream side of the multiple surface reforming
region Rf3 in the first transport direction D1. The position
of the third end portion t3 may be recognized by the con-
trol unit 10 in accordance with the transport direction and
the transport distance of the base material Bm1 along
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the transport path 1Rt in the transport mechanism 16
recognized based on the signal corresponding to the in-
dex detected in the detection unit 20, for example. Ac-
cordingly, the non-image forming region and the specific
image region B2A corresponding to the third end portion
t3 can be formed. When such a configuration is adopted,
an existence region of the multiple surface reforming re-
gion Rf3 can be recognized in more detail, for example.
[0086] Fig. 7 is a flow chart illustrating an example of
an operation flow according to an image forming method
according to the first embodiment in the image forming
apparatus 1. This operation flow is an example of an op-
eration flow in a case where the third image Pc3 and the
fourth image Pc4 are sequentially formed after the first
image Pc1 and the second image Pc2 are formed on the
elongated band-like base material Bm1 by controlling
each unit in the image forming apparatus 1 under control
of the control unit 10, for example. In this operation flow,
processing of a first step S1, processing of a second step
S2, and processing of a third step S3 are performed in
this order, thus the first image Pc1, the second image
Pc2, the third image Pc3, and the fourth image Pc4 may
be sequentially formed on the surface Su1 of the base
material Bm1.

[0087] In the first step S1, as illustrated in Figs. 3(c)
and 3(d), while the transport mechanism 16 transports
the base material Bm1 in the first transport direction D1
along the transport path IRt, the surface reforming unit
17 performs the surface reformation processing of re-
forming the surface Su1 of the base material Bm1 in the
firstregion Ar1 along the transport path IRt and the image
forming unit 18 performs first image forming processing
of forming the firstimage Pc1 and the second image Pc2
on the surface Su1 reformed in the surface reformation
processing of the base material Bm1 in the second region
Ar2 along the transport path 1Rt.

[0088] Inthe second step S2, as illustrated in Fig. 4(a)
and Fig. 4(b), the transport mechanism 16 transports the
base material Bm1 having a formation-completed portion
in which the first image Pc1 and the second image Pc2
are formed on the surface Su1 in the first step S1 in the
second transport direction D2 opposite to the first trans-
port direction D1 along the transport path 1Rt.

[0089] In the third step S3, as illustrated in Fig. 4(c)
and Fig. 4(d), when the surface reformation processing
by the surface reforming unit 17 and the image forming
processing by the image forming unit 18 are performed
while the base material Bm1 having the formation-com-
pleted portion in which the firstimage Pc1 and the second
image Pc2 are formed is transported in the first transport
direction D1 along the transport path 1Rt after the second
step S2, a second image forming processing of forming
the third image Pc3 and the like on the surface Su1 of
the base material Bm1 in the second region Ar2 is per-
formed in such a manner that the multiple surface re-
forming region Rf3, in which the number of executions
of surface reformation processing in the first region Ar1
in the surface Su1 of the base material Bm1 is larger than
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that in the surrounding region, can be distinguished.
Herein, it is also applicable that, for example, when the
control unit 10 makes the image forming unit 18 form the
plurality of images (for example, the first to fourth images
Pc1 to Pc4) so as to be arranged in the first transport
direction D1 on the base material Bm1, the control unit
10 makes the width d1 in the first transport direction D1
of the portion between the images on the one-time sur-
face reforming region Rf1 on which the surface reforma-
tion processing is performed once and the width d2 in
the first transport direction D1 of the portion between the
images on the multiple surface reforming region Rf3 dif-
ferent from each other, or makes the image forming unit
18 form the specific image region B2A in the portion be-
tween the images on the multiple surface reforming re-
gion Rf3. It is also applicable that the control unit 10
makes the image forming unit 18 form the specific image
region B2A in the portion between the images on the one-
time surface reforming region Rf1 and does not make
the image forming unit 18 form the specific image region
B2A in the portion between the images on the multiple
surface reforming region Rf3.

[0090] According to such an image forming method,
the portion in which the quality of the image formed in
the base material Bm1 is different from that of the sur-
rounding portion in the base material Bm1 can be easily
distinguished from the surrounding portion, for example.
Accordingly, for example, the wasteful use (the waste
portion) of the base material Bm1 is reduced to effectively
use the base material Bm1, and the portion in which the
quality of the image is different from that of the surround-
ing portion in the base material Bm1 can be easily dis-
tinguished from the surrounding portion.

<3. Outline of first embodiment>

[0091] As described above, the image forming appa-
ratus 1 according to the first embodiment forms the first
image Pc1 and the second image Pc2 on the surface
Su1 of the base material Bm1 while transporting the base
material Bm1 in the first transport direction D1, performs
the backward feed of transporting the base material Bm1
in the second transport direction D2 after suspending the
transport of the base material Bm1 in the first transport
direction D1, and then restarts the transport of the base
material Bm1 in the first transport direction D1 to form
the third image Pc3 on the surface Su1 of the base ma-
terial Bm1, for example. Accordingly, the base material
Bm1 can be effectively used by reducing the wasteful
use (the waste portion) of the base material Bm1, for
example. For example, at the time of forming the third
image Pc3 on the surface Su1 of the base material Bm1
after the backward feed of the base material Bm1, the
third image Pc3 is formed on the surface Su1 of the base
material Bm1 in such a manner that the multiple surface
reforming region Rf3, in which the number of executions
of surface reformation processing in the surface Su1 of
the base material Bm1 is different from that in the sur-

10

15

20

25

30

35

40

45

50

55

16

rounding region, can be distinguished. Accordingly, the
portion in which the quality of the image formed in the
base material Bm1 is different from that of the surround-
ing portion in the base material Bm1 can be easily dis-
tinguished from the surrounding portion. Accordingly, for
example, the wasteful use (the waste portion) of the base
material Bm1 is reduced to effectively use the base ma-
terial Bm1, and the portion in which the quality of the
image is different from that of the surrounding portion in
the base material Bm1 can be easily distinguished from
the surrounding portion.

[0092] Forexample, even whenthe execution and non-
execution of the corona discharge cannot be controlled
freely in a configuration in which the corona discharge
unitis applied to the surface reforming unit 17, the portion
in which the quality of the image is different from that of
the surrounding portion in the base material Bm1 can be
easily distinguished from the surrounding portion.
[0093] For example, when the quality of the image in
the base material Bm1 is different in accordance with the
number of executions of the surface reformation process-
ing for promoting the fixing of the ink on the surface Su1
in the configuration in which the discharge unit 18h ca-
pable of discharging the ink toward the surface Su1 of
the base material Bm1 is applied to the image forming
unit 18, the region in which the quality of the image is
different from that of the surrounding portion in the base
material Bm1 can be easily distinguished from the sur-
rounding portion.

<4.Image forming operation in image forming apparatus
according to second embodiment>

[0094] Assumed herein is a case where in the image
forming apparatus 1 according to the second embodi-
ment, the second image Pc2 is formed on the surface
Su1 ofthe base material Bm1 after forming the firstimage
Pc1. In this case, the control unit 10 controls the transport
mechanism 16, the surface reforming unit 17, and the
image forming unit 18, thereby being able to make them
execute an operation of forming the first image Pc1 on
the surface Su1 of the base material Bm1 (also referred
to as a first operation), an operation of performing the
backward feed of the base material Bm1 subsequent to
the first operation (also referred to as a second opera-
tion), and an operation of forming the second image Pc2
on the surface Su1 of the base material Bm1 subsequent
to the second operation (also referred to as a third oper-
ation).

<4-1. First operation>

[0095] Fig. 8 is a schematic diagram illustrating an ex-
ample of the first operation in the image forming appa-
ratus 1 according to the second embodiment. In Fig. 8
and Fig. 10 and Fig. 11 described hereinafter, an oblique-
line hatching is provided in the one-time processing re-
gion Ap1 on which the surface reformation processing is
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performed by the surface reforming unit 17 once in the
surface Su1 of the base material Bm1. Fig. 9 is a graph
illustrating an example of a relationship between a trans-
port distance and a transport speed of the base material
Bm1 at a time of starting the first operation.

[0096] In the first operation, for example, while the
transport mechanism 16 transports the base material
Bm1 in the first transport direction D1 along the transport
path 1Rt, the surface reforming unit 17 performs the sur-
face reformation processing on the surface Su1 of the
base material Bm1 and the image forming unit 18 forms
the firstimage Pc1 on a one-time processing region (also
referred to as a first processing region) Ap1a on which
the surface reformation processing is performed in the
surface Su1 of the base material Bm1 (Fig. 8(b)). Accord-
ingly, the base material Bm1 has the first image Pc1
formed on the surface Su1 by the image forming unit 18.
Herein, the image forming unit 18 can form the firstimage
Pc1 on the surface Su1 of the base material Bm1 in re-
sponse to a command of forming the image correspond-
ing to the first image data (for example, the first printing
job or the like) transmitted from the control unit 10, for
example.

[0097] Instarting the first operation, itis also applicable
the control unit 10 controls the transport mechanism 16,
the surface reforming unit 17, and the image forming unit
18 to form the first image Pc1 on the surface Su1 of the
base material Bm1 in such a manner that an end portion
(also referred to as a region end portion) EOa on a re-
covery unit 19 side of the first processing region Ap1a
and an end portion (also referred to as an image end
portion) EOp on the recovery unit 19 side of the firstimage
Pc1 coincide with each other in the first transport direction
D1 along the transport path IRt, for example. This con-
figuration can suppress an excessive extension of the
first processing region Ap1a on which the surface refor-
mation processing is performed once in relation to the
region where the firstimage Pc1 is formed in the surface
Su1 of the base material Bm1, for example.

[0098] Herein, for example, a speed of the base ma-
terial Bm1 transported by the transport mechanism 16 in
the first transport direction D1 at the time of forming the
firstimage Pc1 on the surface Su1 of the base material
Bm1 is defined as a predetermined value VI, and a dis-
tance of the transport of the base material Bm1 until the
transport speed of the base material Bm1 reaches the
predetermined value VI after the transport mechanism
16 starts transporting the base material Bm1 in the first
transport direction D1 is defined as a predetermined val-
ue X0. Herein, for example, a distance of the transport
of the base material Bm1 until the transport of the base
material Bm1 transported by the transport mechanism
16 at the transport speed VI in the first transport direction
D1 is stabilized after the transport speed of the base ma-
terial Bm1 in the first transport direction D1 reaches the
predetermined value V1 is defined as a predetermined
value Xst. Inthis case, forexample, the transport distance
of the base material Bm1 from when the transport mech-
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anism 16 starts transporting the base material Bm1 in
the first transport direction D1 until when the base mate-
rial Bm1 enters a state where the image forming unit 18
can start forming the first image Pc1 on the surface Su1
of the base material Bm1 is a distance X1 which is a sum
of the predetermined value X0 and the predetermined
value Xst. In other words, the distance X1 is a distance
required to increase the transport speed and stabilize the
transport of the base material Bm1 at the time of starting
transporting the base material Bm1 in the first transport
direction D1. Each of the predetermined value VI, the
predetermined value X0, and the predetermined value
Xst may be obtained from a design value or setting value
of the transport mechanism 16, or may be obtained from
an actual measured value which is previously measured,
for example. Herein, a distance from the first region Ar1
to the second region Ar2 on the transport path 1Rt is
defined as AO, for example.

[0099] Considered herein as illustrated in Fig. 9(a), for
example, is a configuration that when the distance AO is
equal to or larger than the distance XI, the surface re-
forming unit 17 starts the surface reformation processing
on the surface Su1 of the base material Bm1 asiillustrated
in Fig. 8(a) at a timing of when the transport mechanism
16 starts transporting the base material Bm1 in the first
transport direction D1, and subsequently, the image
forming unit 18 starts forming the first image Pc1 on the
surface Su1 of the base material Bm1 at a timing of when
the transport distance of the base material Bm1 trans-
ported by the transport mechanism 16 in the first transport
direction D1 reaches the distance A0O. Accordingly, for
example, as illustrated in Fig. 8(b), the image forming
unit 18 may form the firstimage Pc1 on the first process-
ing region Apia on which the surface reformation
processing has been performed in the surface Su1 of the
base material Bm1 so that the region end portion EOa
and the image end portion EOp coincide with each other.
[0100] Considered herein as illustrated in Fig. 9(b), for
example, is a configuration that when the distance AO is
smaller than the distance XI, the surface reforming unit
17 starts the surface reformation processing on the sur-
face Su1 of the base material Bm1 as illustrated in Fig.
8(a) atatiming of when the transport distance of the base
material Bm1 transported by the transport mechanism
16 in the first transport direction D1 reaches a distance
(X1-A0) obtained by subtracting the distance A0 from the
distance Xl, and subsequently, the image forming unit
18 starts forming the first image Pc1 on the surface Su1
of the base material Bm1 at a timing of when the transport
distance of the base material Bm1 transported by the
transport mechanism 16 in the first transport direction D1
reaches the distance X1. Accordingly, for example, as
illustrated in Fig. 8(b), the image forming unit 18 may
form the first image Pc1 on the first processing region
Ap1a on which the surface reformation processing has
been performed in the surface Su1 of the base material
Bm1 so that the region end portion EOa and the image
end portion EOp coincide with each other.
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[0101] In finishing the first operation, it is also applica-
ble the control unit 10 controls the transport mechanism
16, the surface reforming unit 17, and the image forming
unit 18 to form the first image Pc1 on the surface Su1 of
the base material Bm1 in such a manner that an end
portion (also referred to as afirst region end portion) E1a
on a first region Ar1 side of the first processing region
Apia and an end portion (also referred to as a firstimage
end portion) E1p on the first region Ar1 side of the first
image Pc1 coincide with each other in the first transport
direction D1 along the transport path IRt, for example.
This configuration can suppress an excessive extension
of the first processing region Ap1a on which the surface
reformation processing is performed once in relation to
the region where the first image Pc1 is formed in the
surface Su1 of the base material Bm1, for example. Re-
duced is an occurrence of defect that the second image
Pc2 is formed on the surface Su1, in the base material
Bm1, on which the surface reformation processing has
been repetitively performed when the second image Pc2
is formed on the surface Su1 of the base material Bm1
after the first image Pc1 is formed, for example. As a
result, the quality of the second image Pc2 formed on
the base material Bm1 is hardly reduced, for example.
[0102] Herein, for example, in the first operation, the
length of the first image Pc1 formed on the surface Su1
of the base material Bm1 along the transport path 1Rt in
the first transport direction D1 is defined as L1. Consid-
ered in this case, as illustrated in Fig. 8(c), for example,
is a configuration that the control unit 10 makes the sur-
face reforming unit 17 finish the surface reformation
processing on the surface Su1 of the base material Bm1
at a timing of when the transport distance of the base
material Bm1 transported by the transport mechanism
16 in the first transport direction D1 reaches a value (L1-
AOQ) obtained by subtracting the distance A0 from the
length LI, applying the timing of when the image forming
unit 18 starts forming the first image Pc1 on the surface
Su1 of the base material Bm1 as a basis. In this manner,
for example, the formation of the first image Pc1 on the
surface Su1 of the base material Bm1 can be finished in
accordance with the first region end portion E1a as a
terminal portion of the first processing region Apia on
which the surface reformation processing is performed
in the surface Su1 of the base material Bm1 in the first
transport direction D1. Subsequently, in the first opera-
tion, as illustrated in Fig. 8(d), the transport of the base
material Bm1 by the transport mechanism 16 in the first
operation is suspended, for example.

<4-2. Second operation>

[0103] Fig. 10 is a schematic diagram illustrating an
example of the second operation in the image forming
apparatus 1 according to the second embodiment.

[0104] Inthe second operation, for example, the trans-
port mechanism 16 transports the base material Bm1, in
which the first image Pc1 is formed on the surface Su1
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in the first operation, in the second transport direction D2
along the transport path 1Rt in a state where the surface
reforming unit 17 does not perform the surface reforma-
tion processing on the surface Su1 of the base material
Bm1. Considered herein as the state where the surface
reforming unit 17 does not perform the surface reforma-
tion processing on the surface Su1 of the base material
Bm1 is, for example, a state where the actuation of the
surface reforming unit 17 is suspended, and the surface
reforming unit 17 does not irradiate the surface Su1 of
the base material Bm1 with plasma or ion generated by
the corona discharge. Alternatively considered is a state
where an appropriate shielding material intervenes be-
tween the surface reforming unit 17 and the surface Su1
of the base material Bm1 while the surface reforming unit
17 remains actuated.

[0105] Defined as Y2, as illustrated in Fig. 10(a), for
example, is a distance from the first region end portion
E1a located on the first region Ar1 side of the first
processing region Apia and the first image end portion
E1p located on the first region Ar1 side of the firstimage
Pc1 to an end portion En2 on the first region Ar1 side of
the second region Ar2 in the first transport direction D1
along the transport path IRt in a state where the transport
of the base material Bm1 by the transport mechanism 16
is suspended in accordance with the completion of the
first operation. In this case, for example, as illustrated in
Fig. 10(b), in the second operation, a distance of the
transport of the base material Bm1 in the second trans-
port direction D2 along the transport path IRt (also re-
ferred to as a backward feed distance) is set to a value
of a sum of the distance Y2 and a distance E2. The dis-
tance E2 is set to a value equal to or larger than the
distance A0 from the first region Ar1 to the second region
Ar2 on the transport path IRt, for example. The distance
E2 needs to be set to be equal to or larger than the dis-
tance X1 required to increase the transport speed and
stabilize the transport of the base material Bm1 at the
time of starting transporting the base material Bm1 in the
first transport direction D1, for example. Herein, for ex-
ample, as the distance E2 becomes larger than the dis-
tance A0, the increase in the transport speed and the
stabilization of the transport of the base material Bm1
can be achieved more reliably at the time of starting the
transport of the base material Bm1 in the first transport
direction D1 in the third operation.

[0106] Such asecond operation is performed, thus the
second image Pc2 can be formed closer to the firstimage
Pc1 on the base material Bm1 in the subsequent third
operation, for example. Accordingly, the wasteful use
(the waste portion) of the base material Bm1 can be re-
duced, for example.

<4-3. Third operation>
[0107] Fig. 11 is a schematic diagram illustrating an

example of the third operation in the image forming ap-
paratus 1 according to the second embodiment.



35 EP 3 711 963 A1 36

[0108] In the third operation, for example, while the
transport mechanism 16 transports the base material
Bm1 in which the first image Pc1 is formed in the first
operation in the first transport direction D1 along the
transport path 1Rt, the surface reforming unit 17 performs
the surface reformation processing on a region other than
the first processing region Apia (also referred to as a
second processing region) Aplb in the surface Su1 of the
base material Bm1 and the image forming unit 18 forms
the second image Pc2 on the second processing region
Aplb. Accordingly, the base material Bm1 has the second
image Pc2 formed on the surface Su1 by the image form-
ing unit 18. Herein, the image forming unit 18 can form
the second image Pc2 on the surface Su1 of the base
material Bm1 in response to a command of forming the
image corresponding to the second image data (for ex-
ample, the second printing job or the like) transmitted
from the control unit 10, for example.

[0109] Herein, for example, after the backward feed of
the base material Bm1 in the second operation, the sur-
face reformation processing is performed on the region
other than the first processing region Apia, on which the
surface reformation processing has been already per-
formed, in the surface Su1 of the base material Bm1, and
the image forming unit 18 can form the second image
Pc2 on the surface Su1 of the base material Bm1. Re-
duced accordingly is the occurrence of defect that the
second image Pc2 is formed on the surface Su1, in the
base material Bm1, on which the surface reformation
processing has been repetitively performed, and the
quality of the second image Pc2 formed on the base ma-
terial Bm1 is hardly reduced. Accordingly, the quality of
the second image Pc2 formed on the base material Bm1
can be improved while reducing the wasteful use (the
waste portion) of the base material Bm1, for example.
[0110] Considered herein firstly, for example, is a con-
figuration that the control unit 10 makes the surface re-
forming unit 17 start the surface reformation processing
on the surface Su1 of the base material Bm1 at a timing
of when the transport mechanism 16 transports the base
material Bm1 by adistance (E2-A0) obtained by subtract-
ing the distance A0 from the distance E2 in the first trans-
portdirection D1 along the transport path IRt as illustrated
in Fig. 11(a), applying a state where the second operation
illustrated in Fig. 10(b) is finished as a basis.

[0111] In starting the third operation, it is also applica-
ble the control unit 10 controls the transport mechanism
16, the surface reforming unit 17, and the image forming
unit 18 so thatan end portion (also referred to as a second
region end portion) E2a on a first processing region Ap1a
side of the second processing region Aplb and an end
portion (also referred to as a second image end portion)
E2p on the firstimage Pc1 side of the second image Pc2
coincide with each other in the first transport direction D1
along the transport path IRt, for example, to execute the
third operation of forming the second image Pc2 on the
surface Su1 of the base material Bm1. This configuration
can suppress an excessive extension of the second
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processing region Aplb on which the surface reformation
processing is performed in relation to the region where
the second image Pc2 is formed in the surface Su1 of
the base material Bm1, for example. The formation of
the second image Pc2 on the surface Su1 of the base
material Bm1 can be started in accordance with the sec-
ond region end portion E2a as a terminal portion of the
second processing region Aplb on which the surface ref-
ormation processing is performed in the surface Su1 of
the base material Bm1 in the first transport direction D1.
Reduced accordingly is the occurrence of defect that the
second image Pc2 is formed on the surface Su1, in the
base material Bm1, on which the surface reformation
processing has been repetitively performed, and the
quality of the second image Pc2 formed on the base ma-
terial Bm1 is hardly reduced. Accordingly, the quality of
the first image Pc1 and the second image Pc2 formed
on the base material Bm1 can be easily improved while
reducing the wasteful use of the base material Bm1, for
example.

[0112] Considered herein, for example, is a configura-
tion that the control unit 10 makes the image forming unit
18 start forming the second image Pc2 on the surface
Su1 of the base material Bm1 at a timing of when the
transport mechanism 16 transports the base material
Bm1 by the distance E2 in the first transport direction D1
along the transport path 1Rt as illustrated in Fig. 11(b),
applying the state where the second operation illustrated
in Fig. 10(b) is finished as a basis.

[0113] In finishing the third operation, it is also appli-
cable the control unit 10 controls the transport mecha-
nism 16, the surface reforming unit 17, and the image
forming unit 18 so that an end portion (also referred to
as a third region end portion) E3a on the first region Ar1
side of the second processing region Aplb and an end
portion (also referred to as a third image end portion) E3p
on the first region Ar1 side of the second image Pc2 co-
incide with each other in the first transport direction D1
along the transport path IRt, for example, to form the
second image Pc2 on the surface Su1 of the base ma-
terial Bm1. This configuration can suppress an excessive
extension of the second processing region Aplb on which
the surface reformation processing is performed in rela-
tion to the region where the second image Pc2 is formed
in the surface Su1 ofthe base material Bm1, for example.
Reduced is an occurrence of defect that the third image
is formed on the surface Su1, in the base material Bm1,
on which the surface reformation processing has been
repetitively performed when the third image is formed on
the surface Su1 of the base material Bm1 after the sec-
ond image Pc2 is formed, for example. As a result, the
quality of the third image Pc3 formed on the base material
Bm1 is hardly reduced, for example.

[0114] Herein, for example, in the third operation, the
length of the second image Pc2 formed on the surface
Su1 of the base material Bm1 along the transport path
1Rt in the first transport direction D1 is defined as L2.
Considered in this case, as illustrated in Fig. 11(c), for
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example, is a configuration that the control unit 10 makes
the surface reforming unit 17 finish the surface reforma-
tion processing on the surface Su1 of the base material
Bm1 at a timing of when the transport distance of the
base material Bm1 transported by the transport mecha-
nism 16 in the first transport direction D1 reaches a value
(L2-A0) obtained by subtracting the distance AQ from the
length L2, applying the timing of when the image forming
unit 18 starts forming the second image Pc2 on the sur-
face Su1l of the base material Bm1 as a basis. In this
manner, for example, the formation of the second image
Pc2 on the surface Su1 of the base material Bm1 can be
finished in accordance with the third region end portion
E3aas aterminal portion of the second processing region
Aplb on which the surface reformation processing is per-
formed in the surface Su1 of the base material Bm1 in
the first transport direction D1. Subsequently, in the third
operation, as illustrated in Fig. 11(d), the transport of the
base material Bm1 by the transport mechanism 16 is
suspended, for example.

<4-4. Operation flow according to image forming meth-
od>

[0115] Fig. 12is a flow chart illustrating an example of
an operation flow according to an image forming method
in the image forming apparatus 1 according to the second
embodiment. This operation flow is an example of an
operation flow in a case where the second image Pc2 is
formed after the first image Pc1 is formed on the elon-
gated band-like base material Bm1 by controlling each
unit in the image forming apparatus 1 under control of
the control unit 10, for example. In this operation flow,
processing of a first step S1b, processing of a second
step S2b, and processing of a third step S3b are per-
formed in this order, thus the first image Pc1 and the
second image Pc2 may be formed in this order on the
surface Su1 of the base material Bm1.

[0116] In the first step S1b, as illustrated in Fig. 8, for
example, while the transport mechanism 16 transports
the base material Bm1 in the first transport direction D1
along the transport path IRt, the surface reforming unit
17 gives the energy to the surface Su1 of the base ma-
terial Bm1 in the first region Ar1 along the transport path
1Rt to perform the surface reformation processing of re-
forming the surface Su1 of the base material Bm1 and
the image forming unit 18 forms the first image Pc1 on
the first processing region Apia, in the surface Su1 of the
base material Bm1, on which the surface reformation
processing is performed in the second region Ar2 along
the transport path 1Rt. In other words, the first operation
described above is performed.

[0117] In the second step S2b, subsequent to the first
step S1b, for example, as illustrated in Fig. 10, the trans-
port mechanism 16 transports the base material Bm1, in
which the first image Pc1 is formed on the surface Su1
in the first step S1b, in the second transport direction D2
opposite to the first transport direction D1 along the trans-
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port path 1Rt in a state where the surface reforming unit
17 does not perform the surface reformation processing
on the surface Su1 of the base material Bm1. In other
words, the second operation described above is per-
formed.

[0118] In the third step S3b, subsequent to the second
step S2b, as illustrated in Fig. 11, for example, while the
transport mechanism 16 transports the base material
Bm1, on which the first image Pc1 is formed, in the first
transport direction D1 along the transport path IRt, the
surface reforming unit 17 performs the surface reforma-
tion processing on the second processing region Aplb
other than the first processing region Ap1a in the surface
Su1 of the base material Bm1 and the image forming unit
18 forms the second image Pc2 on the second process-
ing region Ap1b. In other words, the third operation de-
scribed above is performed.

[0119] According such an image forming method, re-
duced is the occurrence of defect that the second image
Pc2 is formed on the surface Su1, in the base material
Bm1, on which the surface reformation processing has
beenrepetitively performed, and the quality of the second
image Pc2 formed on the base material Bm1 is hardly
reduced, for example. Accordingly, the quality of the sec-
ond image Pc2 formed on the base material Bm1 can be
improved while reducing the wasteful use (the waste por-
tion) of the base material Bm1, for example.

<5. Outline of second embodiment>

[0120] As described above, the image forming appa-
ratus 1 according to the second embodiment forms the
first image Pc1 on the surface Su1 of the base material
Bm1 while transporting the base material Bm1 in the first
transport direction D1, performs the backward feed of
transporting the base material Bm1 in the second trans-
port direction D2 after suspending the transport of the
base material Bm1 in the first transport direction D1, then
starts the transport of the base material Bm1 in the first
transport direction D1, and forms the second image Pc2
on the surface Su1 of the base material Bm1 while trans-
porting the base material Bm1 in the first transport direc-
tion D1, for example. Accordingly, the wasteful use of the
base material Bm1 can be reduced, for example. For
example, after the backward feed of the base material
Bm1 without the surface reformation processing, the sec-
ond image Pc2 is formed on the surface Su1 of the base
material Bm1 while the surface reformation processing
is performed on the region other than the first processing
region Apia, on which the surface reformation processing
has been already performed, in the surface Su1 of the
base material Bm1. Reduced accordingly is the occur-
rence of defect that the second image Pc2 is formed on
the surface Su1, in the base material Bm1, on which the
surface reformation processing has been repetitively per-
formed, and the quality of the second image Pc2 formed
on the base material Bm1 is hardly reduced. Accordingly,
the quality of the second image Pc2 formed on the base
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material Bm1 can be improved while reducing the waste-
ful use (the waste portion) of the base material Bm1, for
example.

[0121] For example, in the configuration in which the
discharge unit 18h discharging the ink toward the surface
Su1 of the base material Bm1 is applied to the image
forming unit 18, even when reduced is the quality of the
second image Pc2 formed on the base material Bm1 in
accordance with the number of executions of the surface
reformation processing on the base material Bm1 on
which the second image Pc2 has not been formed by the
ink, the quality of the second image Pc2 formed on the
base material Bm1 can be improved while reducing the
wasteful use (the waste portion) of the base material
Bm1.

[0122] For example, in the configuration in which the
corona discharge unit is applied to the surface reforming
unit 17, the timing of performing the surface reformation
processing by the corona discharge is controlled, thus
the quality of the second image Pc2 formed on the base
material Bm1 can be improved while reducing the waste-
ful use of the base material Bm1.

<6. Modification example>

[0123] The present invention is not limited to the first
embodiment and the second embodiment, however, var-
ious variations and modifications should be possible with-
out departing from the scope of the invention.

[0124] In the first embodiment described above, the
reformation processing unit 17b may be a preprocessing
unit applying a preprocessing liquid on the surface Su1
of the base material Bm1 to reform the surface of the
base material Bm1, for example. A liquid for promoting
the fixing of the ink on the surface Su1 ofthe base material
Bm1 is applied to the preprocessing liquid, for example.
Accordingly, also when the surface Su1 of the base ma-
terial Bm1 is reformed by applying the preprocessing lig-
uid, the portion in which the quality of the image formed
in the base material Bm1 is different from that of the sur-
rounding portion in the base material Bm1 can be easily
distinguished from the surrounding portion, for example.
In such a case, the first region Ar1 is a region being set
on the transport path 1Rt and in which the preprocessing
liquid can be applied on the base material Bm1 by the
surface reforming unit 17. That is to say, the first region
Ar1 needs to be a region being set on the transport path
1Rt and in which the surface of the base material Bm1
can be reformed by the surface reforming unit 17.
[0125] In each embodiment described above, for ex-
ample, when the base material Bm1 has the elongated
shape in a longitudinal direction along the transport path
IRt, it needs not be rolled out from the roll R11 and rolled
up by the roll R12. Considered as such a base material
Bm1 is a configuration that the image forming apparatus
1 is connected to one or more other devices, and the
elongated base material Bm1 is supplied from a first other
device and recovered from the image forming apparatus
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1 by a second other device. The first other device and
the second other device may be the same or different
from each other.

[0126] In each embodiment described above, for ex-
ample, when the ink discharged from the discharge unit
18h in the image forming unit 18 is not the UV cure ink,
the image forming unit 18 needs not have the UV lamp
18u.

[0127] Inthe firstembodimentdescribed above, for ex-
ample, the non-image forming region (for example, the
second non-image forming region B2 and the like) with
the interval d2 and the specific image region B2A may
be formed in at least part of the base material Bm1 in the
width direction.

[0128] Inthe firstembodimentdescribed above, for ex-
ample, a predetermined length which is previously set
may be applied to the unit length of one pattern.

[0129] In the first embodiment described above, appli-
cable as the configuration that the multiple surface re-
forming region Rf3 can be distinguished from the sur-
rounding region, for example, are a configuration that a
human can visually recognize, such as a configuration
that the width d1 of the first non-image forming region B1
and the width d2 of the second non-image forming region
B2 are different from each other and a configuration that
the specific image region B2A, for example, is formed,
and a configuration that the human cannot visually rec-
ognize such as a configuration that a region to which a
material such as a magnetic material detectable by a
specific sensor is applied or attached is formed.

[0130] Inthe firstembodimentdescribed above, for ex-
ample, it is applicable to locate a predetermined sensor,
which can detect a passing of the second end portion t2
on the uppermost stream side of the second image Pc2
while the base material Bm1 is transported in the first
transport direction D1 along the transport path IRt, in a
predetermined position between the surface reforming
unit 17 and the image forming unit 18. In this case, the
control unit 10 may make the image forming unit 18 form
at least one of the second non-image forming region B2
and the specific image region B2A in accordance with
the timing of when the predetermined sensor detects the
passing of the second end portion t2, the transport speed
of the base material Bm1 and the like. Applicable to the
predetermined sensor are an image sensor detecting a
position of the second end portion t2 based on an image
taken with a camera or the like, an optical sensor detect-
ing a reflection state or a transmission state of lightin the
base material Bm1, and a specific sensor detecting spe-
cific part formed on or in the base material Bm1 in ac-
cordance with the second end portion t2, for example.
Applied to the specific part is, for example, part where a
perforation is formed, part where a punch hole is formed,
part where a magnetic material is applied or attached or
the like. An optical sensor and a magnetic sensor, for
example are applied to the specific sensor.

[0131] In each embodiment described above, for ex-
ample, a configuration of an offset printing transferring



41 EP 3 711 963 A1

ink to the base material Bm1 may be applied to the image
forming unit 18. In this case, for example, in the first em-
bodiment described above, the second region Ar2 may
be a region set on the transport path 1Rt and in which
the image can be formed by transferring the ink on the
surface Su1 of the base material Bm1 by the image form-
ing unit 18. That is to say, the second region Ar2 needs
to be a region being set on the transport path 1Rt and in
which the image can be formed on the surface Su1 of
the base material Bm1 by the image forming unit 18.
[0132] Inthe second embodiment described above, for
example, it is applicable to locate a predetermined sen-
sor, which can detect a passing of the first image end
portion E1p located closest to a feed unit 15 side of the
firstimage Pc1 while the base material Bm1 is transport-
ed in the first transport direction D1 along the transport
path IRt, on animmediate feed unit 15 side of the surface
reforming unit 17. In this case, for example, in the third
operation, the control unit 10 makes the surface reform-
ing unit 17 start the surface reformation processing on
the surface Su1 of the base material Bm1 by the surface
reforming unit 17 in response to the detection of the pass-
ing of the first image end portion E1p by the predeter-
mined sensor. Applicable to the predetermined sensor
are, for example, an image sensor detecting a position
of the first image end portion E1p based on an image
taken with a digital camera or the like, an optical sensor
detecting a reflection state or a transmission state of light
in the base material Bm1, a specific sensor detecting a
specific part when there is a configuration capable of
forming the specific part on the base material Bm1 in
accordance with the first image end portion Elp, and the
like. Applicable to the specific part are, for example,
processing part where a perforation or a punch hole is
formed, part where a magnetic material is applied or at-
tached and the like. Applicable to the configuration ca-
pable of forming the specific part, forexample, are apress
machine which can make the perforation or the punch
hole, a discharge unit which can spray a magnetic ma-
terial and the like.

[0133] Inthe second embodimentdescribed above, for
example, the control unit 10 may control an intensity of
energy given to the surface Su1 of the base material Bm1
by the surface reforming unit 17 in accordance with the
transport speed of the base material Bm1 transported by
the transport mechanism 16, for example. Considered
herein is, for example, a configuration that the intensity
of the energy increases in proportion to the transport
speed of the base material Bm1.

[0134] Inthe second embodimentdescribed above, for
example, when post-processing of applying varnish or
the like is performed on the first image Pc1 formed on
the surface Su1 ofthe base material Bm1, a defect hardly
occurs in applying the varnish or the like in the post-
processing when the surface reformation processing is
not performed on the first image Pc1 by the surface re-
forming unit 17. In the meanwhile, for example, when the
post-processing of applying the varnish or the like is not
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performed on the first image Pc1 formed on the surface
Su1 of the base material Bm1, the surface reformation
processing may be performed on part of the first image
Pc1 by the surface reforming unit 17 in the third operation
described above.

[0135] All or some of the configurations described in
the above first embodiment, second embodiment, and
various modifications can be combined with each other
as appropriate unless any contradiction occurs.

[0136] While the invention has been shown and de-
scribed in detail, the foregoing descriptionisin all aspects
illustrative and not restrictive. It is therefore understood
that numerous modifications and variations can be de-
vised without departing from the scope of the invention.

Claims
1. Animage forming apparatus (1), comprising:

a feed unit (15) configured to supply a base ma-
terial (Bml);

a transport mechanism (16) configured to trans-
port the base material supplied from the feed
unit along a transport path (IRt);

a recovery unit (19) configured to recover the
base material transported by the transport
mechanism along the transport path;

a surface reforming unit (17) configured to per-
form surface reformation processing of reform-
ing a surface (Su1) of the base material in a first
region (Arl) along the transport path;

an image forming unit (18) configured to form
an image on a surface reformed in the surface
reformation processing on the base material in
a second region (Ar2) between the surface re-
forming unit and the recovery unit along the
transport path; and

a control unit (10) configured to make the trans-
port mechanism and the image forming unit form
an image on the surface of the base material
based on image data, wherein

the control unit makes the transport mechanism
execute a first transport operation of transport-
ing the base material in a first transport direction
(D1)toward the recovery unitalong the transport
path and a second transport operation of trans-
porting the base material in a second transport
direction (D2) toward the feed unit opposite to
the first transport direction along the transport
path, and

when the control unit makes the transport mech-
anism perform the first transport operation of
transporting the base material having a forma-
tion-completed portion in which an image is
formed on a surface by the image forming unit
in the first transport direction along the transport
path after performing the second transport op-
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eration of transporting the base material in the
second transport direction along the transport
path, the control unit makes the image forming
unit form an image on the surface of the base
material in such a manner thata multiple surface
reforming region (Rf3), in which a total number
of executions of the surface reformation
processing in the surface of the base material
is larger than a total number of execution of the
surface reformation processing in a surrounding
region, can be distinguished.

The image forming apparatus according to claim 1,
wherein

the surface reforming unit includes a corona dis-
charge unit configured to give energy to the surface
of the base material by corona discharge to reform
the surface of the base material.

The image forming apparatus according to claim 1,
wherein

the surface reforming unit includes preprocessing
unit configured to apply a preprocessing liquid on
the surface of the base material to reform the surface
of the base material.

The image forming apparatus according to any one
of claim 1 to claim, 3, wherein

the image forming unit includes a discharge unit
(18h) discharging ink toward the surface of the base
material.

The image forming apparatus according to any one
of claim 1 to claim 4, wherein

when the control unit makes the image forming unit
form a plurality ofimages so as to be arranged in the
firsttransport direction on the base material, the con-
trol unit makes a width (d1) in the first transport di-
rection of a portion between images on a one-time
surface reforming region (Rf1) on which the surface
reformation processing is performed once and a
width (d3) in the first transport direction of a portion
between images on the multiple surface reforming
region different from each other.

The image forming apparatus according to any one
of claim 1 to claim 4, wherein

when the control unit makes the image forming unit
form a plurality ofimages so as to be arranged in the
firsttransport direction on the base material, the con-
trol unit makes the image forming unit form a specific
image region (B2A) in a portion between images on
the multiple surface reforming region.

An image forming method, comprising:

(a) performing surface reformation processing
of reforming a surface (Su1) of a base material
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(Bm1)in afirstregion (Arl) along a transport path
(IRt) and image forming processing of forming
animage on the surface reformed by the surface
reformation processing of the base material in
a second region (Ar2) along the transport path
while transporting the base material in the first
transportdirection (D1) along the transport path;
(b) transporting the base material having a for-
mation-completed portion in which an image is
formed on a surface in the (a) in a second trans-
port direction (D2) opposite to the first transport
direction along the transport path; and

(c) when performing the image reformation
processing and the image forming processing
while transporting the base material having the
formation-completed portionin the firsttransport
direction along the transport path after the (b),
forming an image on the surface of the base
material in the second region in such a manner
that a multiple surface reforming region (Rf3), in
which a total number of executions of the surface
reformation processing in the first region in the
surface of the base material is larger than a total
number of executions of the surface reformation
processing in a surrounding region, can be dis-
tinguished.

8. An image forming apparatus (1), comprising:

a feed unit (15) configured to supply a base ma-
terial (Bm1);

a transport mechanism (16) configured to trans-
port the base material supplied from the feed
unit along a transport path (IRt);

a recovery unit (19) configured to recover the
base material transported by the transport
mechanism along the transport path;

a surface reforming unit (17) configured to give
energy to a surface (Su1) of the base material
in a first region (Arl) along the transport path to
perform surface reformation processing of re-
forming the surface of the base material;

an image forming unit (18) configured to form
an image on the surface of the base material in
a second region (Ar2) between the surface re-
forming unit and the recovery unit along the
transport path; and

a control unit (10) configured to control the trans-
port mechanism, the surface reforming unit, and
the image forming unit based on image data to
make the transport mechanism, the surface re-
forming unit, and the image forming unit form an
image on a surface reformed in the surface ref-
ormation processing of the base material,
wherein

the control unit controls the transport mecha-
nism, the surface reforming unit, and the image
forming unit to make the transport mechanism,
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the surface reforming unit, and the image form-
ing unit execute a first operation, a second op-
eration, and a third operation, wherein

the first operation includes an operation of
performing the surface reformation
processing on the surface of the base ma-
terial and forming a first image (Pc1) on a
first processing region (Apia) on which the
surface reformation processing is per-
formed in the surface of the base material
while transporting the base material in a first
transport direction (D 1) toward the recovery
unit along the transport path,

the second operation includes an operation
of transporting the base material, in which
the first image is formed on the surface in
the first operation, in a second transport di-
rection (D2) toward the feed unit opposite
to the first transport direction along the
transport path in a state where the surface
reformation processing is not performed on
the surface of the base material after the
first operation, and

the third operation includes an operation of
performing the surface reformation
processing on a second processing region
(Aplb) other than the first processing region
in the surface of the base material and form-
ing the second image (Pc2) on the second
processing region while transporting the
base material in which the first image is
formed in the first transport direction along
the transport path after the second opera-
tion.

The image forming apparatus according to claim 8,
wherein

the image forming unit includes a discharge unit
(18h) configured to discharge ink toward the surface
of the base material.

The image forming apparatus according to claim 8
or claim 9, wherein

the surface reforming unit includes a corona dis-
charge unit configured to give energy to the surface
of the base material by corona discharge to reform
the surface of the base material.

The image forming apparatus according to any one
of claim 8 to claim 10, wherein

the control unit controls the transport mechanism,
the surface reforming unit, and the image forming
unit to make the transport mechanism, the surface
reforming unit, and the image forming unit execute
the first operation so that a first region end portion
(E1a) on a side of the first region in the first process-
ing region and an a first image end portion (E1p) on
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the side of the first region in the first image coincide
with each other in the first transport direction along
the transport path.

The image forming apparatus according to any one
of claim 8 to claim 11, wherein

the control unit controls the transport mechanism,
the surface reforming unit, and the image forming
unit to make the transport mechanism, the surface
reforming unit, and the image forming unit execute
the third operation so that a second region end por-
tion (E2a) on a side of the first processing region in
the second processing region and an a second im-
age end portion (E2p) on a side of the first image in
the second image coincide with each other in the
first transport direction along the transport path.

An image forming method, comprising:

(a) giving energy to a surface (Su1) of a base
material (Bm1) in a first region (Arl) along a
transport path (1Rt) to perform surface reforma-
tion processing of reforming the surface of the
base material, and forming a first image (Pc1)
on afirst processing region (Apia), in the surface
of the base material, on which the surface ref-
ormation processing is performed in a second
region (Ar2) along the transport path while trans-
porting the base material in a first transport di-
rection (D1) along the transport path;

(b) transporting the base material, in which the
firstimage is formed on the surface in the (a), in
a second transport direction (D2) opposite to the
first transport direction along the transport path
in a state where the surface reformation
processing is not performed on the surface of
the base material; and

(c) performing the surface reformation process-
ing on a second processing region (Ap1b) other
than the first processing region in the surface of
the base material and forming a second image
(Pc2) on the second processing region while
transporting the base material in which the first
image is formed in the first transport direction
along the transport path after the (b).

14. A program, when executed by a processing unit in-

cluded in an image forming apparatus, making the
image forming apparatus function as an image form-
ing apparatus according to any one of claim 1 to claim
6 and claim 8 to claim 12.
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