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Description

[0001] The present invention relates to a method of
printing in the leading margin of a sheet using a trans-
versely scanning print head having a set of nozzles ar-
rayed in the sheet feeding direction during printing, the
method comprising advancing the leading edge of a
sheet to a first position to receive ink from a first of the
nozzles and scanning the head with said first nozzle en-
abled for printing with said leading edge at the first po-
sition and to a complementary method of printing in the
trailing margin of a sheet using a transversely scanning
print head having a set of nozzles arrayed in the sheet
feeding direction during printing, the method comprising
advancing a the trailing edge of a sheet to a second po-
sition to receive ink from a first of the nozzles and scan-
ning the head with said first nozzle enabled for printing
with said trailing edge at the second position.
[0002] In a conventional printing apparatus as shown
in Figure 1, a sheet of printing paper 11 is fed between
a paper feed roller 12 and a pressure roller 14 in a paper
feed direction perpendicular to a scanning direction in
which the printing paper 11 is scanned as indicated by
the scanning direction arrow. While the printing paper
11 is moved beneath a head 15, ink is discharged
through a nozzle (not shown) of an ink cartridge (not
shown) mounted on the head 15 for printing. The head
15 reciprocates in the scanning direction perpendicular
to the paper feed direction in which the printing paper
11 is supplied, while the ink is discharged. The printing
paper 11 after printing is output from the printing appa-
ratus by a paper exit roller 16 and a star wheel 18.
[0003] Figure 2 shows the printing paper 11 after print-
ing using a conventional method performed in the con-
ventional printing apparatus as described with reference
to Figure 1. As shown in Figure 2, when a printing com-
mand is input to the conventional printing apparatus, da-
ta are printed only in a region E of the printing paper 11,
not in edge regions A, B, C, and D. In other words, the
data cannot be printed in the edge regions A, B, C, and
D with the conventional printing apparatus even when
a user designates all edge margins to zero.
[0004] To ameliorate this problem, an apparatus for
and method of edge printing without roller contamination
are disclosed in US-A-2002/0070991.
[0005] Figure 3 is a sectional view of the printing ap-
paratus disclosed in US-A-2002/0070991. Referring to
Figure 3, a sheet of printing paper P is transferred in a
sub-scanning direction (paper feed direction) while sup-
ported by paper feed rollers 25a and 25b. When a front
edge of the printing paper P passes between paper exit
rollers 25c and 25d, a back (bottom or rear) edge Pr of
the printing paper P reaches a front rib 26f and a platten
26. At this time, ink Ip is discharged from a head 28 for
back edge printing. The head 28 includes a plurality of
nozzles (#1-#8). Since the back edge printing is initiated
before the back edge Pr of the printing paper P reaches
the last nozzle #8, the back edge printing can be

achieved without leaving a margin at the back edge Pr
of the printing paper P even when the printing paper P
is improperly fed. Ink droplets discharged out toward the
printing paper P are absorbed by an absorption member
27f. This printing apparatus further includes another rib
26r and another absorption member 27r. Although this
method enables printing in upper, lower, left, and right
margins of the printing paper P, there is a need for high
quality edge printing using software using, for example,
a shingling algorithm.
[0006] A method of printing in the leading margin of a
sheet according to the present invention is character-
ised by subsequently advancing said leading edge past
a plurality of said nozzles to a second position between
successive printing scans of said head and performing
a plurality of scans of said head with a plurality of said
nozzles enabled for printing with said leading edge at
the second position.
[0007] Preferably, the first and second positions are
arranged to be aligned with ink capture means extend-
ing uninterrupted across substantially the full width of
said sheet. In this way, sheet supporting means can be
kept free of ink.
[0008] Preferably, the number of said plurality of
scans equals the number of said plurality of nozzles
passed between successive printing scans.
[0009] Preferably, the method includes, following said
plurality of printing scans, repeatedly advancing said
sheet in steps corresponding to the nozzle pitch and per-
forming a printing scan with the head while incrementing
the number of nozzles enabled for printing with each
scan until all of the nozzles are so enabled, wherein first
and second spaced nozzles are initially enabled for
printing and nozzlesare successively enabled from the
back of the head (35) until there is an uninterrupted
block of enabled nozzles extending from said first nozzle
to said second nozzle.
[0010] A method of printing in the trailing margin of a
sheet according to the present invention is character-
ised by previously advancing said trailing edge past a
plurality of said nozzles from a second position between
successive printing scans of said head and performing
a plurality of scans of said head with a plurality of said
nozzles enabled for printing with said leading edge at or
in front of the second position.
[0011] Preferably, the first and second positions are
arranged to be aligned with ink capture means extend-
ing uninterrupted across substantially the full width of
said sheet. In this way, sheet supporting means can be
kept free of ink.
[0012] Preferably, the number of said plurality of
scans equals the number of said plurality of nozzles
passed between successive printing scans.
[0013] Preferably, the method includes, preceding
said plurality of printing scans, repeatedly advancing
said sheet in steps corresponding to the nozzle pitch
and performing a printing scan with the head while dec-
rementing the number of nozzles enabled for printing
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with each scan, wherein first and second spaced noz-
zles are finally enabled for printing and nozzles are suc-
cessively disabled towards the front of the head.
[0014] Embodiments of the present invention will now
be described, by way of example, with reference to Fig-
ures 4 to 15 of the accompanying drawings, in which:

Figure 1 illustrates a known printing method in a
conventional printing apparatus;
Figure 2 shows a printed region of a printing paper
after printing using the conventional method illus-
trated in Figure 1;
Figure 3 is a sectional view of another known print-
ing apparatus;
Figure 4 shows the configuration of a printing appa-
ratus compatible with a shingling algorithm accord-
ing to the present invention;
Figure 5 shows the arrangement of an ink head and
ribs for front and back edge printing using shingling
methods performed by the printing apparatus
shown in Figure 4;
Figures 6A through 6C are flowcharts illustrating
shingling methods for front edge printing performed
by the printing apparatus shown in Figure 4;
Figures 7A through 7I show the shingling method
for front edge printing shown in Figures 6A through
6C;
Figure 8A is a table illustrating the shingling method
of Figures 7A through 7I;
Figure 8B is a table illustrating another shingling
method for front edge printing according to the
present invention;
Figure 8C is a table illustrating another shingling
method for front edge printing according to the
present invention;
Figure 8D is a table illustrating another shingling
method for front edge printing according to the
present invention'
Figure 9A is a table illustrating another shingling
method for front edge printing according to the
present invention;
Figure 9B is a table illustrating another shingling
method for front edge printing according to the
present invention;
Figure 10 is a table illustrating another shingling
method for front edge printing according to the
present invention;
Figures 11A through 11D are flowcharts illustrating
other shingling methods for back edge printing per-
formed by the printing apparatus shown in Figure 4;
Figures 12A through 12I illustrate the shingling
method for back edge printing shown in Figures 11A
through 11D;
Figure 13A is a table illustrating the shingling meth-
od of Figures 12A through 12I;
Figure 13B is a table illustrating another shingling
method for back edge printing according to the
present invention;

Figure 13C is a table illustrating another shingling
method for back edge printing according to the
present invention;
Figure 13D is a table illustrating another shingling
method for back edge printing according to the
present invention;
Figure 14A is a table illustrating another shingling
method for back edge printing according to the
present invention;
Figure 14B is a table illustrating another shingling
method for back edge printing according to the
present invention; and
Figure 15 is a table illustrating another shingling
method for back edge printing according to the
present invention.

[0015] Referring to Figure 4, a printing apparatus 30
using a shingling algorithm includes a paper feed roller
32 and a pressure roller 34, which are disposed in an
upper region (in Figure 4) of the printing apparatus 30,
to feed a sheet of printing paper 31 into the printing ap-
paratus 30, and a paper exit roller 36 and a star wheel
38, which are disposed in a lower region of the printing
apparatus 30, to eject the printing paper 31 after printing
from the printing apparatus 30. A plurality of ribs 33 are
spaced at regular intervals between the paper feed roller
32 and the paper exit roller 36 such that ink droplets
which do not reach the printing paper 31 fall into spaces
between the ribs 33. An ink head 35 reciprocates in a
scanning direction, as indicated by arrows in Figure 4,
and discharges ink onto the printing paper 31 when a
front edge of the printing paper 31 just reaches beneath
the ink head 35 for printing.
[0016] The ribs 33 of the printing apparatus 30 are ar-
ranged in consideration of the sizes of maximum, mid-
dle, and minimum width printing papers 31 (31a, 31b,
and 31c) that can be used in the printing apparatus 30,
and each position of nozzles of the ink head 35, such
that the ribs 33 are arranged at proper intervals both in
rows and columns such that they do not align with the
sides of the printing paper 31 of any size, for example
the sides of the middle sized paper 31b, and such that
outer nozzles of the ink head 35 are not aligned with the
ribs 33 so that the ink which does not reach the printing
paper 31 falls into the spaces between the ribs 33. This
arrangement of the ribs 33 is for preventing all of the
four edges of the printing paper 31 from being contam-
inated by the ink dropping onto the ribs 33 during edge
printing.
[0017] Referring to Figure 5, the ink head 35 is spaced
a distance l from front and rear ribs 33f and 33b or main
rib bodies having the front and rear ribs 33f and 33b pro-
truding from the main rib bodies, respectively. The ribs
33 are spaced-apart from one another in horizontal and
vertical directions for edge (borderless) printing as illus-
trated in Figure 4. The ink head 35 is divided into eight
nozzle sections designated, from a nearest one to a
front end of the printing apparatus 30, as nozzle section
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1, nozzle section 2, ...., and nozzle section 8. As the
printing paper 31 is advanced, the nozzle sections 1
through 8 are separately and appropriately controlled for
the shingling printing.
[0018] "Shingling" refers to a printing technique in-
volving discharging a plurality of small ink droplets one
at a time, instead of one large ink droplet, to print an
image without ink burring. In shingling, sufficient tempo-
ral and spatial intervals are permitted between each ink
discharge to allow previously discharged ink droplets to
dry. In general, a smaller shingling mode index (ex-
pressed as n below) indicates smaller ink droplets and
more head scanning, which produces high quality imag-
es.

Shingling method of front edge printing

Reference is now made to Figures 6A through 6C.

[0019] Initially, a 1/n.100% shingling mode, where n
is an integer greater than or equal to 4, is set as the
default for front edge printing in operation 101. The ink
head 35 is divided into n nozzle sections, including noz-
zle sections 1 through n, with an equal width in the paper
advance direction in operation 102.
[0020] The width of each nozzle section in the paper
advance direction is equivalent to a single step length
by which a line feeding motor (paper transport motor)
rotates, and a unit paper advance distance by which the
printing paper 31 is advanced as the paper transport
motor is rotates through one step length. The line feed-
ing motor rotates step by step according to the set shin-
gling mode for printing in operation 103.
[0021] As the printing paper 31 is advanced and a first
front edge region of the printing paper 31 reaches the
nozzle section 1 in operation 104, a parameter m, indi-
cating the number of printing operations, is set to 1 and
printing is performed on the first front edge region in the
1/n.100% shingling mode in operation 106. To end this,
a sensor is attached to the bottom of the nozzle section
1 to detect arrival of the first front edge region of the
printing paper 31 for printing initiation.
[0022] If the n of the shingling mode index, 1/n.100%,
of the 1/n.100% shingling mode is greater than 4 in op-
eration 107, either a path A or a path B may be provided
for printing. If n is equal to 4, the path B is provided for
printing. If n is greater than 4, various optional paths for
front edge shingling printing are provided for a user to
select a particular path when setting a printing environ-
ment, or the user is permitted to directly define a desired
printing path.
[0023] In the path A, referring to Figure 6B, the line
feeding motor is rotated by a single step in operation
108, the parameter m is increased by 1 to be set to 2 in
operation 109, the ink is discharged from nozzle sec-
tions 1 and 2 to perform printing on first and second front
edge regions of the printing paper in the 1/n.100% shin-
gling mode in operation 110.

[0024] Next, the line feeding motor is rotated in s
steps, where s is an integer between 1 and n-1 in oper-
ation 111. It is possible that s be an integer greater than
n/2 in consideration of printing speed. After the line feed-
ing motor is rotated by s steps to advance the front edge
region of the printing paper to an (s+2)th nozzle section,
and the parameter m is increased by 1 and set to 3 in
operation 112 . Next, printing is performed on the first
through (s+2)th front edge regions of the paper in the s/
n.100% shingling mode in operation 113 .
[0025] Next, the line feeding motor is rotated by a sin-
gle step in operation 114, the parameter m is increased
by 1 to be set to 4 (step 115), and printing is performed
on the first through (m-1)th front edge regions and an
(s+3)th front edge portion of the paper, excluding mth

through (s+2)th front edge regions, in the 1/n.100% shin-
gling mode in operation 116 . For example, referring to
Figure 8B, when n=8 and s=4, after the printing paper
31 has advanced by a single step for printing with m=4,
printing is performed on the front edge regions of the
paper excluding the fourth, fifth, and sixth front edge re-
gions 4 , 5  and 6  in a 1/8*100% shingling mode.
[0026] It is determined whether m=s+2 in operation
117. If m≠s+2, the line feeding motor is rotated by a sin-
gle step, the printing is performed on the front edge re-
gion of the paper excluding the mth through (s+2)th front
edge regions. The printing is continued in this manner
until the parameter m becomes equal to s+2. If m=s+2,
the process goes to the next step. For example, referring
to Figure 8B, when m=4, since the parameter m is not
equal to s+2 (=6), the line feeding motor is rotated by a
single step. Next, the parameter m is increased by 1 and
set to 5, and the printing is performed on the front edge
regions excluding the fifth and sixth front edge portions
5 and 6 in the 1/8*100% shingling mode. Since the
parameter m is still not equal to 6, the line feeding motor
is rotated further by a single step, the parameter m is
increased by 1 and set to 6, the printing is performed on
the front edge regions of the paper excluding the sixth
front edge region 6 in the 1/8*100% shingling mode.
Since the parameter m is determined to be equal to s+2
(=6) in operation 117, a process goes to a next opera-
tion.
[0027] Next, the line feeding motor is rotated in the
single step in operation 118, m is increased by 1 in op-
eration 119, and printing is performed on the regions of
the paper beneath the nozzle sections 1 through n in the
1/n.100% shingling mode in operation 120. For exam-
ple, referring to Figure 8B, the line feeding motor is ro-
tated by a single step to advance the third front edge
portion 3 of the paper to line up beneath the nozzle
section 35-8, the parameter m is increased by 1 and set
to 7, and the printing is performed on the entire front
edge region of the paper in the 1/8*100% shingling
mode. Thus, the front edge printing in a shingling mode
according to the path A is terminated.
[0028] The path B for the 1/n.100% front edge shin-
gling printing when selected by the user or previously
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set with n > 4, and when m=4 will be described with ref-
erence to Figure 6C.
[0029] After printing on a first front edge region of the
printing paper with m=1 in the 1/n.100% shingling mode
and operation 107 of Figure 6A, the line feeding motor
is rotated by s steps, where s is an integer between 2
and n (2<s<n) in operation 121. It is possible that s be
determined to be an integer greater than n/2 in consid-
eration of the printing speed. Next, the parameter m is
increased by 1 and set to 2 in operation 122, and the
printing is performed on the first through (s+1)th front
edge regions in the s/n.100% shingling mode in opera-
tion 123 . For example, referring to Figure 8C, when n=8
and s=7, after printing on the first front edge region 1
with m=1 in the 1/8*100% shingling mode, the line feed-
ing roller is rotated by 7 steps to advance the first front
edge portion 1 of the printing paper 31 to line up be-
neath the nozzle section 35-8, the parameter m is in-
creased by 1 to be set to 2, and the printing is performed
in a 7/8*100% shingling mode.
[0030] Next, the line feeding motor is rotated by a sin-
gle step in operation 124, the parameter m is increased
by 1 and set to 3 in operation 125, and the printing is
performed on the regions of the printing paper 31 ex-
cluding the mth through (s+1)th front edge regions be-
neath the nozzle sections s and (m-1), i.e. (m-1)th and
(s+2)th regions of the printing paper 31, in the 1/n.100%
shingling mode in operation 126. For example, referring
to Figure 8C, the line feeding motor is rotated by a single
step to advance the second front edge region 2 to line
up beneath the nozzle section 35-8, the parameter m is
increased by 1 to be set to 3, and the printing is per-
formed on the regions of the printing paper 31 excluding
the third through eighth front edge regions 3 through
8 , i.e. the second and ninth front edge regions 2 and
9 , in the 1/8*100% shingling mode.
[0031] Next, it is determined whether m=s+1 in oper-
ation 127. If m≠s+1, the process goes to operation 124
to rotate the line feeding motor by the single step. Next,
the parameter m is increased by 1 to be set to 4, and
the printing is performed on the regions of the printing
paper 31 excluding the mth through (s+1)th front edge
regions in the 1/n.100% shingling mode. These proc-
esses are repeated until the parameter m becomes
equal to s+1. For example, referring to Figure 8C, after
printing with m=3, the parameter m is compared with
s+1 (=8). Since the parameter m is not equal to 8, the
line feeding motor is rotated by the single step, the pa-
rameter m is increased by 1 to be set to 4, the printing
is performed on the regions of the printing paper 31 ex-
cluding the fourth through eighth front edge regions h

through h in the 1/8*100% shingling mode. Since the
parameter m is still not equal to s+1(=8), the process
goes to operation 124 to repeat the printing until the pa-
rameter m becomes equal to 8.
[0032] When m=s+1, the line feeding motor is rotated
in the single step in operation 128, the parameter m is
increased by 1 in operation 129, and the printing is per-

formed on the regions of the printing paper 31 beneath
the nozzle sections 1 through n with m=s+2 in the 1/n.
100% shingling mode in operation 130, thereby termi-
nating the front edge printing in the shingling mode. For
example, referring to Figure 8C, after printing with m=8,
the line feeding motor is rotated further by the single
step, the parameter m is increased by 1 and set to 9,
the printing is performed on the regions of the printing
paper 31 beneath the nozzle sections 35-1 through 35-8
in the 1/8*100% shingling mode, thereby terminating the
front edge printing through a total of 9 printing opera-
tions.
[0033] Figures 7A through 7I are views schematically
illustrating the shingling method for front edge printing
shown in Figures 6A through 6C where a 12.5% shin-
gling mode is set as a default. In this shingling method,
shingling printing is performed according to the path A
as illustrated in Figures 6A and 6B.
[0034] Referring to Figure 7A, the ink head 35 is di-
vided into eight nozzle sections, denoted as 35-1, 35-2,
35-3, 35-4, 35-5, 35-6, 35-7, and 35-8, which are shown
hatched to indicate when ink is being discharged there-
from for printing. As shown in Figure 7A, before the print-
ing paper 31 reaches the ink head 35, ink is not dis-
charged from any of the nozzle sections of the ink head
35, so all of the nozzle sections are expressed as being
blank and not hatched.
[0035] Referring to Figure 7B, when the printing paper
31 reaches the ink head 35 by being transported by the
line feeding motor (not shown), ink is discharged from
the nozzle section 35-1 onto the printing paper 31,
wherein a portion of the ink drops into the space be-
tween the ribs 33. Since the ink is discharged only from
the nozzle section 35-1, only the nozzle section 35-1 is
hatched in Figure 7B, and 1 is marked on the right of the
nozzle section 35-1 to indicate that the shingling printing
is performed at 12.5% (=1/8*100%).
[0036] Next, when the printing paper 31 is advanced
by a single step by the line feeding motor, as shown in
Figure 7C, the ink is discharged from the nozzle sections
35-1 and 35-2 of the ink head 35 in the 12.5% shingling
mode. Since the first front edge region 31-1 of the print-
ing paper 31 on which the 12.5% shingling printing has
been undergone, has reached the nozzle section 35-2
as illustrated in Figure 7B, 11 is marked on the right of
the nozzle section 35-2 to indicate that a second shin-
gling printing has been performed on the first front edge
region 31-1 of the printing paper 31 at 12.5%. Also, the
1 is marked on the right of nozzle section 35-1 to indicate
that a first shingling printing has been performed on the
second front edge region 31-2 at 12.5%. At this stage
of Figure 7C, no ink is discharged from nozzle sections
35-3, 35-4, 35-5, 35-6, 35-7, and 35-8.
[0037] Next, as shown in Figure 7D, the printing paper
31 is advanced five steps by the line feeding motor, and
the ink is discharged from the nozzle sections 35-1,
35-2, 35-3, 35-4, 35-5, 35-6, and 35-7 onto the respec-
tive first through seventh front edge regions 31-1, 31-2,
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31-3, 31-4, 31-5, 31-6, and 31-7 of the printing paper
31. Since the ink is discharged from the nozzle sections
35-1, 35-2, 35-3, 35-4, 35-5, 35-6, and 35-7 in a 62.5%
(=5/8*100%) shingling mode, 5 is marked on the right
of each of the nozzle sections. As a result, a total of
87.5% (=(1+1+5)/8*100) shingling printing is performed
on the first front edge region 31-1 of the printing paper
31 that has reached the nozzle section 35-7. A total of
75% (=(1+5)/8*100%) shingling printing is performed on
the second front edge region 31-2 of the printing paper
31 that has reached the nozzle section 35-6. A total of
62.5% shingling printing is performed on each of the
third through seventh front edge regions 31-3 through
31-7 that have reached the respective nozzle sections
35-1, 35-2, 35-3, 35-4, and 35-5.
[0038] Referring to Figure 7E, after the line feeding
motor is rotated by a single step to advance the printing
paper 31 to the nozzle section 35-8, the ink is dis-
charged from the nozzle sections 35-1, 35-6, 35-7, and
35-8 in the 12.5% shingling mode. The nozzle sections
35-1, 35-6, 35-7, and 35-8 are hatched and are marked
with 1 on the right thereof to indicate the discharge of
the ink therefrom. As a result, a total of 100% (=
(1+1+5+1)/8*100%) shingling printing is performed on
the first front edge region 31-1 of the printing paper 31
that has reached the nozzle section 35-8. 87.5% (=
(1+5+1)/8*100%) shingling printing is performed on the
second front edge region 31-2 of the printing paper 31
that has reached the nozzle section 35-7, and 75% (=
(5+1)/8*100%) shingling printing is performed on the
third front edge region 31-3 of the printing paper 31 that
has reached the nozzle section 35-6. In this operation,
no ink is discharged from the nozzle sections 35-2, 35-3,
35-4, and 35-5, so that the shingling printing percentage
of each of the fourth through seventh front edge regions
31-4, 31-5, 31-6, and 31-7 of the printing paper 31 that
have reached the respective nozzle sections 35-2, 35-3,
35-4, and 35-5 remains at 62.5% that has been
achieved at the previous stage of Figure 7D. Also, the
12.5% shingling printing is performed on the eighth front
edge region 31-8 of the printing paper 31 that has just
reached the nozzle section 35-1.
[0039] Next, referring to Figure 7F, as the line feeding
motor is rotated further by a single step to advance the
printing paper 31, the first front edge region 31-1 of the
printing paper 31 on which the 100% shingling printing
has been undergone is drawn out and away from the ink
head 35 toward the paper exit roller 36. The printing is
performed on the second, third, fourth, eighth, and ninth
front edge regions 31-2, 31-3, 31-4, 31-8, and 31-9 be-
neath the respective nozzle sections 35-8, 35-7, 35-6,
35-2, and 35-1 at the 12.5% shingling mode. According-
ly, in Figure 7F, the nozzle sections 35-1, 35-2, 35-6,
35-7, and 35-8 are hatched and are marked with 1 on
the right thereof to indicate that the 12.5% shingling
printing is performed on the corresponding front edge
regions thereof. As a result, a total of 12.5% shingling
printing is performed on the ninth front edge region 31-9

of the printing paper 31 that has just reached the nozzle
section 35-1, and a total of 25% (=(1+1)/8*100%) shin-
gling printing is performed on the eighth front edge re-
gion 31-8 of the printing paper 31 that has reached the
nozzle section 35-2. Also, the shingling printing percent-
age of regions of the printing paper 31 that have reached
the respective third, fourth, and fifth sectors 35-3, 35-4,
and 35-5 remains at 62.5% that has been achieved at
the previous stage of Figure 7E. A total of 75% (=(5+1)
/8*100%) shingling printing is performed on the fourth
front edge region 31-4 of the printing paper 31 that has
reached the nozzle section 35-6, and a total of 87.5%
(=(5+1+1)/8*100%) shingling printing is performed on
the third front edge region 31-3 of the printing paper 31
that has reached the nozzle section 35-7. A total of
100% (=(1+5+1+1)/8*100) shingling printing is per-
formed on the second front edge region 31-2 of the print-
ing paper 31 that has reached nozzle section 35-8, so
that the second front edge region 31-2 is drawn out and
away from the ink head 31 in Figure 7F.
[0040] Next, referring to Figure 7G, after the line feed-
ing motor is rotated further by the single step to advance
the printing paper 31, the ink is discharged from the noz-
zle sections 35-1, 35-2, 35-3, 35-6, 35-7, and 35-8 to
perform the printing in the 12.5% shingling mode. As a
result, a total of 12.5% shingling printing is performed
on a tenth front edge region 31-10 of the printing paper
31 that has just reached the nozzle section 35-1, a total
of 25% (=(1+1)/8*100%) shingling printing is performed
on the ninth front edge region 31-9 that has reached the
nozzle section 35-2, and a total of 37.5% (=(1+1+1)/
8*100%) shingling printing is performed on the eighth
front edge portion 31-8 that has reached the nozzle sec-
tion 35-3. Also, the shingling printing percentage of each
of the sixth and seventh front edge regions 31-6 and
31-7 that have reached the respective nozzle sections
35-5 and 35-4 remains at 62.5% that has been achieved
at the previous stage of Figure 7F. A total of 75% (=(5+1)
/8*100%) shingling printing is performed on the fifth front
edge region 31-4 of the printing paper 31 that has
reached the nozzle section 35-6, and a total of 100% (=
(5+1+1+1)/8*100%) shingling printing is performed on
the third front edge region 31-3 of the printing paper 31
that has reached the nozzle section 35-8.
[0041] Referring to Figure 7H, as the line feeding mo-
tor is rotated by a single step to advance the printing
paper 31, the third front edge region 31-3 of the printing
paper 31 is drawn out and away from the ink head 35.
Next, the printing is performed on the fourth, fifth, sixth,
eighth, ninth, tenth, and eleventh front edge regions
31-4, 31-5, 31-6, 31-8, 31-9, 31-10, and 31-11 that have
reached the respective nozzle sections 35-8, 35-7, 35-6,
35-4, 35-3, 35-2, and 35-1 in the 12.5% shingling mode.
No ink is discharged from the nozzle section 35-5, so
that the shingling printing percentage of the seventh
front edge region 31-7 remains at 62.5% that has been
achieved at the previous stage, when the seventh front
edge region had reached the nozzle section 35-1 in Fig-
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ure 7D. In the present embodiment, the seventh front
edge region 31-7 of the printing paper 31 on which the
printing has been once undergone when the seventh
front edge region 31-7 just reaches the nozzle section
35-1, is expected not to be subject to additional printing
before the seventh front edge region 31-7 reaches the
nozzle section 35-6. As a result, a total of 12.5% shin-
gling printing is performed on the eleventh front edge
region 31-11 of the printing paper 31 that has reached
the nozzle 35-1, a total of 25% (=(1+1)/8*100%) shin-
gling printing is performed on the tenth front edge region
31-10 that has reached the nozzle section 35-2, a total
of 37.5% (=(1+1+1)/8*100%) shingling printing is per-
formed on the ninth front edge region 31-9 that has
reached the nozzle section 35-3, a total of 50% (=
(1+1+1+1)/8*100%) shingling printing is performed on
the eighth front edge region 31-8 that has reached the
nozzle section 35-4, a total of 75% (=(5+1)/8*100%)
shingling printing is performed on the sixth front edge
region 31-6 that has reached the nozzle section 35-6, a
total of 87.5% (=(5+1+1)/8*100%) shingling printing is
performed on the fifth front edge region 35-5 that has
reached the nozzle section 35-7, and a total of 100% (=
(5+1+1+1)/8*100%) shingling printing is performed on
the fourth front edge region 31-4 that has reached the
nozzle section 35-8.
[0042] Referring to Figure 71, the fourth front edge re-
gion 31-4 of the printing paper 31 on which the 100%
shingling printing has been undergone is drawn out and
away from the ink head 35 toward the paper exit roller
36. As a result, a total of 100% shingling printing is per-
formed on the fifth front edge region 31-5, a total of
87.5% shingling printing is performed on the sixth front
edge region 31-6, and a total of 75% shingling printing
is performed on the seventh front edge region 31-7,
thereby terminating the front edge printing in the shin-
gling mode. Next, the printing in the 12.5% shingling
mode is continued for the following regions of the print-
ing paper 31.
[0043] The front edge printing according to the
present invention described with reference to Figures
7A through 71 is tabulated in Figure 8A. In this table,
rows denote the nozzle sections, and columns denote
the number of printing operations performed, which cor-
responds to the parameter m described above. 1/8 and
5/8 denote 12.5% and 62.5% shingling modes, which
can be represented as 1/n.100%, where n is the number
of the nozzle sections. Numerals in circles denote re-
spective sectional front edge regions of the printing pa-
per 31.
[0044] When the line feeding motor is rotated step by
step so that a front edge region of the printing paper 31
reaches the ink head 35, as shown in Figure 7B and
operation 104 of Figure 6A, and the parameter m is set
to 1, the printing is performed on the first front edge re-
gion 1 of the printing paper 31 that has reached the
nozzle section 35-1 of the ink head 35 in the 12.5%
(=1/8*100%) shingling mode, as in operation 106 of Fig-

ure 6A. When the line feeding motor is rotated to ad-
vance the printing paper 31 by a single step, as in op-
eration 108 of Figure 6B, and m=2, the printing is per-
formed on the first and second front edge regions 1
and 2 that have reached the respective nozzle sec-
tions 35-1 and 35-2 of the ink head 35 in the 12.5%
(=1/8*100%) shingling mode, as in operation 110 of Fig-
ure 6B.
[0045] After the line feeding motor is rotated in 5 (=s)
steps so that the first front edge region 1 is advanced
to the nozzle section 35-7 (7=s+2), as in operation 111
of Figure 6B, and the parameter m is set to 3, the ink is
discharged from the nozzle sections 35-1, 35-2, 35-3,
35-4, 35-5, 35-6, and 35-7 to perform the printing on the
first through seventh front edge regions 1 , 2 , 3 , 4 ,
5 , 6 and 7 in a 62.5% (=5/8*100%) mode, as in op-
eration 113 of Figure 6B. As a result of printing with m=3,
a total of 87.5% shingling printing is performed on the
first front edge region 1 , and a total of 75% shingling
printing is performed on the second front edge region
2 , and a total of 62.5% shingling printing is performed
on each of the third through seventh front edge regions
3 , 4 , 5 , 6 and 7 . For printing with m=4 or greater,
the line feeding motor is rotated step by step, and the
printing is performed constantly in the 12.5% shingling
mode.
[0046] After the line feeding motor is rotated further
by the single step, as in operation 114 of Figure 6B, the
printing is performed on the first, second, third, and
eighth front edge regions 1 , 2 , 3 and 8 located
beneath respective nozzle sections 35-8, 35-7, 35-6,
and 35-1 of the printing paper 31 excluding the fourth
through seventh (corresponding to s+2) front edge re-
gions 1 , 2 , 3 and 8 in the 12.5% (=1/8*100%)
shingling mode, as in operation 116 of Figure 6B. At this
time, since the parameter m is not equal to s+2 (=7), the
line feeding motor is rotated further by the single step.
[0047] Next, with m=5, the printing is performed on
the second, third, fourth, eighth, and ninth front edge
regions 2 , 3 , 4 , 8 and 9 located beneath respec-
tive nozzle sections 35-8, 35-7, 35-6, 35-2, and 35-1 in
the 12.5% (=1/8*100%) shingling mode.
[0048] After the line feeding motor is rotated further
by a single step, and with m=6, the printing is performed
on the third, fourth, fifth, eighth, ninth, and tenth front
edge regions 3 , 4 , 5 , 8 , 9 and located be-
neath respective nozzle sections 35-8, 35-7, 35-6, 35-3,
35-2, and 35-1 in the 12.5% (=1/8*100%) shingling
mode.
[0049] After the line feeding motor is rotated further
by a single step, and with m=7, the printing is performed
on the fourth, fifth, sixth, eighth, ninth, tenth, and elev-
enth front edge regions 4 , 5 , 6 , 8 , 9 , and (11)
located beneath respective nozzle sections 35-8, 35-7,
35-6, 35-3, 35-2, and 35-1 in the 12.5% (=1/8*100%)
shingling mode.
[0050] As a result of printing with m=7, the shingling
printing is performed on the eighth, ninth, tenth, and
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eleventh front edge regions 8 , 9 , and (11) located
beneath respective nozzle sections 35-4, 35-3, 35-2,
and 35-1 at different percentages, i.e., 50%, 37.5%,
25%, and 21.5%, respectively. Also, the shingling print-
ing is performed on the seventh front edge region 7
located beneath the nozzle section 35-5 at 62.5%, the
sixth front edge region 6 located beneath the nozzle
section 35-6 at 75%, and the fifth front edge region 5
located beneath the nozzle section 35-7 at 82.5%. The
s shingling printing is performed on the fourth front edge
region 4 located beneath the nozzle section 35-8 at
100%.
[0051] After printing with m=7, which is equal to s+2,
the line feeding motor is rotated further by a single step,
the parameter m is set to 8, and printing is performed
on regions of the paper located beneath the nozzle sec-
tions 35-1 through 35-8 in the 12.5% shingling mode,
thereby terminating the front edge printing in the shin-
gling mode. For printing with m=9 or greater, the line
feeding motor is rotated step by step, and the printing is
performed constantly in the 12.8% shingling mode. Al-
ternatively, the printing may be stopped.
[0052] Figure 8B is a table illustrating another shin-
gling method which, unlike the shingling method shown
in Figure 8A for printing with m=3, the line feeding motor
is rotated to advance the printing paper 31 four steps at
a time. In this method, the printing is performed accord-
ing to the path A of Figures 6A and 6B.
[0053] Referring to Figure 8B, when m=1 and m=2,
the printing is performed on the first front edge region h

and the first and second front edge regions 1 and 2
respectively, in the 12.5% shingling mode, as shown in
Figure 8A. Next, for printing with m=3, the line feeding
motor is rotated by 4 (=s) steps to advance the first front
edge region 1 to line up beneath the nozzle section
35-6 (6=s+2), and the printing is performed on the first,
second, third, fourth, fifth, and sixth front edge regions
1 , 2 , 3 , 4 , 5 and 6 located beneath the respec-
tive nozzle sections 35-6, 35-5, 35-4, 35-3, 35-2, and
35-1 in a 50%(=4/8*100%) shingling mode.
[0054] After the line feeding motor is rotated further
by a single step, and with m=4, the printing is performed
on the first, second, third, and seventh front edge re-
gions 1 , 2 , 3 and 7 located beneath respective
nozzle sections 35-7, 35-6, 35-5, and 35-1, excluding
the fourth, fifth, and sixth front edge regions 4 , 5 and
6 , in the 12.5% (=1/8*100%) shingling mode. At this
time, since the parameter m is not equal to s+2(=6), the
line feeding motor is rotated further by a single step to
continue printing in the 12.5% shingling mode.
[0055] With m=5, the printing is performed on the first,
second, third, fourth, seventh, and eighth front edge re-
gions 1 , 2 , 3 , 4 , 7 and 8 located beneath re-
spective nozzle sections 35-8, 35-7, 35-6, 35-5, 35-2,
and 35-1 in the 12.5% shingling mode. As a result of
printing with m=5, a total of 100% shingling printing is
performed on the first front edge region 1 , and thus the
first front edge region 1 is drawn out and away from

the ink head 35 as the line feeding motor is rotated for
further printing.
[0056] After the line feeding motor is rotated further
by a single step, and with m=6, the printing is performed
on the second, third, fourth, fifth, seventh, eighth, and
ninth front edge regions 2 , 3 , 4 , 5 , 7 , 8 and 9
located beneath respective nozzle sections 35-8, 35-7,
35-6, 35-5, 35-3, 35-2, and 35-1, excluding the sixth
front edge region 6 , in the 12.5% (=1/8*100%) shin-
gling mode. At this time, since m=6(=s+2), after the line
feed motor is rotated further by the single step, and with
m=7, the printing is performed on all regions of the print-
ing paper 31 beneath the nozzle sections 35-8, 35-7,
35-6, 35-5, 35-4, 35-3, 35-2, and 35-1 in the 12.5%
(=1/8*100%) shingling mode.
[0057] Figure 8C is a table illustrating another shin-
gling method for front edge printing, wherein the printing
is performed according to path B of Figures 6A and 6C.
[0058] Referring to Figure 8C, after the first front edge
region 1 of the printing paper 31 is advanced to be
directly beneath the nozzle section 35-1 of the ink head
35, as in operation 104 of Figure 6A, and m=1, the print-
ing is performed on the first front edge region 1 in the
12.5% shingling mode, as in operation 106 of Figure 6A.
After the line feeding motor is rotated by 7 (=s) steps,
as in operation 121 of Figure 6C, to advance the first
front edge region of the printing paper 31 to line up be-
neath the nozzle section 35-8, and the parameter m is
set to 2, the printing is performed on the first through
eight front edge regions 1 through 8 in a 82.5%
(=7/8*100%) shingling mode, as in operation 123 of Fig-
ure 6C. As a result of printing with m=2, the shingling
printing is performed on the first front edge region 1 at
100% and the second through eighth front edge regions
2  through 8  at 82.5%.
[0059] After the line feeding motor is rotated further
by a single step, as in operation 124 of Figure 6C, and
with m=3, the printing is performed on the second and
ninth front edge regions 2 and 9 that have been ad-
vanced to be directly beneath respective nozzle sec-
tions 35-8 and 35-1, excluding the third through eighth
front edge regions 3 through 8 , in the 12.5%
(=1/8*100%) shingling mode, as in operation 126 of Fig-
ure 6C. At this time, since the parameter m is not equal
to s+1 (=8), the line feeding motor is rotated further by
the single step.
[0060] With m=4, the printing is performed on the
third, ninth, and tenth front edge regions 3 , 9 and
located beneath respective nozzle sections 35-8, 35-2,
and 35-1 in a 12.5% (=1/8*100%) shingling mode. The
printing in the 12.5% shingling mode is continued in this
manner until the parameter m becomes equal to s+1
(=8).
[0061] After printing with m=8, the line feeding motor
is rotated further by the single step, as in operation 128
of Figure 6C, the printing is performed on the regions
8 through (15) of the paper located beneath all of the
nozzle sections 35-1, 35-2, 35-3-35-4, 35-5, 35-6, 35-7,
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and 35-8 in the 12.5% shingling mode, as in operation
130 of Figure 6C, thereby terminating the front edge
printing in the shingling mode through a total of 9 printing
operations.
[0062] Figure 8D is a table illustrating another shin-
gling method for front edge printing, in which the shin-
gling printing is performed according to path B of Figures
6A and 6C.
[0063] Referring to Figure 8D, after the first front edge
region 1 of the printing paper 31 is advanced to be
directly beneath the nozzle section 35-1 of the ink head
35, as in the shingling method shown in Figures 8A
through 8C, and the parameter m is set to 1, the printing
is performed on the first front edge region 1 in the
12.5% shingling mode. After the line feeding motor is
rotated by 6 (=s) steps, as in operation 121 of Figure
6C, to advance the first front edge region 1 of the print-
ing paper to line up beneath the nozzle section 35-7,
and the parameter m is set to 2, printing is performed
on the first through eight front edge regions 1 through
8 located beneath respective nozzle sections 35-7
through 35-1 in a 75% (=6/8*100%) shingling mode, as
in operation 123 of Figure 6C.
[0064] The line feeding motor is rotated step by step
for printing with the parameter m from 3 to 7, as in op-
eration 124 of Figure 6C, and the printing is recursively
performed on the regions of the printing paper 31 be-
neath the nozzle sections 1 through (m-2), 7 and 8 in
the 12.5% shingling mode, as in operation 126 of Figure
6C. When m=8, the printing is performed on the regions
of the printing paper beneath all of nozzle sections 35-1
through 35-8 in the 12.5% shingling mode, as in opera-
tion 130 of Figure 6C.
[0065] Figure 9A is a table illustrating another shin-
gling method for front edge printing where a 20% shin-
gling mode is set as a default. Since the 20% shingling
mode is set as the default, the ink head 35 is divided
into 5 nozzle sections and designated 45-1, 45-2, 45-3,
45-4, and 45-5, from the one closest to the front of the
ink head 35. In this embodiment, the shingling printing
is performed according to path B of Figures 6A and 6C.
[0066] Referring to Figure 9A, when the first front
edge region 1 of the printing paper 31 is advanced to
be directly beneath the nozzle section 45-1 of the ink
head 35, the parameter m is set to 1, and the printing is
performed on the first front edge region h in the 20%
shingling mode. After the line feeding motor is rotated
by 3 (=s) steps to advance the first front edge region 1
of the printing paper 31 to line up beneath the nozzle
section 45-4, and the parameter m is set to 2, the printing
is performed on the first through fourth front edge re-
gions 1 through 4 located beneath respective nozzle
sections 45-4 through 45-1 in a 60% (=3/5*100%) shin-
gling mode.
[0067] The line feeding motor is rotated step by step
for printing with m≠3. When m=3, the printing is per-
formed on the first, second, and fifth front edge regions
1 , 2 and 5 beneath the respective nozzle sections

45-5, 45-4, and 45-1 in the 20% (=1/5*100%) shingling
mode. When m=4, the printing is performed on the sec-
ond, third, fifth, and sixth front edge regions 2 , 3 , 5
and 6 beneath the respective nozzle sections 45-5,
45-4, 45-2, and 45-1 in the 20% (=1/5*100%) shingling
mode. When m=5 or greater, the printing is performed
on the regions of the printing paper 31 beneath all of the
nozzle sections 45-5 through 45-1 in the 20% shingling
mode.
[0068] Figure 9B is a table illustrating another shin-
gling method for front edge printing where the 20% shin-
gling mode is set as a default. In this method, the shin-
gling printing is performed according to path B of Figures
6A and 6C.
[0069] Referring to Figure 9B, when the first front
edge region 1 of the printing paper 31 is advanced to
be directly beneath the nozzle section 45-1 of the ink
head 35, the parameter m is set to 1, and the printing is
performed on the first front edge region h in the 20%
(=1/5*100%) shingling mode. After the line feeding mo-
tor is rotated by 4 (=s) steps to advance the first front
edge region 1 of the printing paper 31 to line up be-
neath the nozzle section 45-5, and the parameter m is
set to 2, the printing is performed on the first through
fifth front edge regions 1 through 5 located beneath
respective nozzle sections 45-5 through 45-1 in a 80%
(=4/5*100%) shingling mode.
[0070] The line feeding motor is rotated further by a
single step, and when m=3, the printing is performed on
the second and sixth front edge regions 2 and 6 be-
neath respective nozzle sections 45-5 and 45-1 in the
20% (=1/5*100%) shingling mode. The line feeding mo-
tor is rotated further by a single step, and when m=4,
the printing is performed on the third, sixth, and seventh
front edge regions 3 , 6 and 7 beneath respective
nozzle sections 45-5, 45-2, and 45-1 in the 20%
(=1/5*100%) shingling mode. The line feeding motor is
rotated further by a single step and, when m=5, the print-
ing is performed on the fourth, sixth, seventh, and eighth
front edge regions 4 , 6 , 7 and 8 beneath respec-
tive nozzle sections 45-5, 45-3, 45-2, and 45-1 in the
20% (=1/5*100%) shingling mode. For printing with m=6
or greater, the line feeding motor is rotated step by step,
and the printing is performed on the regions of the print-
ing paper 31 beneath all of the nozzle sections 45-1
through 45-5 constantly in the 20% shingling mode.
[0071] Figure 10 is a table illustrating another shin-
gling method for front edge printing where the 25% shin-
gling mode is set as a default. In this embodiment, the
shingling printing is performed according to path B of
Figures 6A and 6C with n=4.
[0072] Referring to Figure 10, when the first front edge
region h of the printing paper 31 is advanced to be di-
rectly beneath a nozzle section 55-1 of the ink head 35
as the line feeding motor is continuously rotated step by
step, the parameter m is set to 1, and the printing is per-
formed on the first front edge region 1 in a 25%
(=1/4*100%) shingling mode. After the line feeding mo-
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tor is rotated by 3 (=s) steps to advance the first front
edge region 1 of the printing paper 31 to line up be-
neath a nozzle section 55-4, and the parameter m is set
to 2, the printing is performed on the first through fourth
front edge regions 1 through 4 located beneath the
respective nozzle sections 55-4 through 55-1 in a 75%
(=3/4*100%) shingling mode. As a result of printing with
m=2, the shingling printing is performed on the first front
edge region 1  at 100%.
[0073] The line feeding motor is rotated further by a
single step so that the first front edge region 1 is drawn
out and away from the ink head 35, and the second and
fifth front edge regions 2 and 5 line up beneath the
respective nozzle sections 55-4 and 55-1. After the pa-
rameter m is increased to 3, the printing is performed
on the second and fifth front edge regions 2 and 5 in
the 25% (=1/4*100%) shingling mode.
[0074] The line feeding motor is rotated further by a
single step, and the parameter m is increased to 4, the
printing is performed on the third, fifth and sixth front
edge regions 3 , 5 and 6 beneath respective nozzle
sections 55-4, 55-2, and 55-1 in the 25% (=1/4*100%).
For printing with m=5 or greater, the line feeding motor
is rotated step by step, and the printing is performed on
the regions of the printing paper 31 beneath all of the
nozzle sections 55-1 through 55-4 constantly in the 25%
(=1/4*100%) shingling mode.

Shingling method of back edge printing

Reference is now made to Figures 11A through 11D.

[0075] Initially, the 1/n.100% shingling mode, where
n is an integer greater than or equal to 4, is set as a
default for back edge printing in operation 201. The ink
head 35 is divided into n nozzle sections, including noz-
zle sections 1 through n, with an equal width in a paper
advance direction in operation 202.
[0076] The width of each nozzle section in the paper
advance direction is equivalent to a single step length
by which the line feeding motor is rotated, and a unit
paper advance distance by which a sheet of printing pa-
per 32 (Figure 12A) is advanced as the paper transport
motor is rotated by one step.
[0077] A first back edge region of the printing paper
32 that is separated from the back edge of the printing
paper 32 by a distance corresponding to the entire width
of the ink head 35 is defined in operation 203. The line
feeding motor is rotated step by step according to the
set shingling mode to advance the printing paper for
printing in operation 204.
[0078] Whether the first back edge region has
reached a nozzle section r is determined using a sensor
attached to each of the nozzle sections of the ink head
35 or a distance from the front edge of the printing paper
32 to the first back edge region that is previously set for
the printing paper 32 having different sizes in operation
205. When the first back edge region has reached the

nozzle section r, the parameter m is set to 1 to start the
back edge printing in operation 206.
[0079] Printing is performed on regions of the printing
paper 32 located beneath the ink head 35 excluding the
first back edge region in the 1 /n.100% shingling mode
in operation 207. The line feeding motor is rotated by
the signal step in operation 208, the parameter m is in-
creased by 1 to be set to 2 for next printing in operation
209. For example, referring to Figure 13A, when the first
back edge region h reaches the nozzle section 35-4
(r=4), the printing is performed on regions of the printing
paper 32 located beneath the ink head 35 excluding the
first back edge region 1 in the 1/8*100% shingling
mode. Next, the line feeding motor is rotated further by
the single step, and the parameter m is set to 2.
[0080] Next, it is determined whether m=n- r+1 in op-
eration 210. If m≠n- r+1, the process goes to operation
207 to perform printing on regions of the printing paper
32 beneath the ink head 35 excluding the first through
mth back edge regions in the 1/n.100% shingling mode.
If m=n- r+1, the printing is performed on the first through
nth back edge regions of the printing paper 32 in an m/
n.100% shingling mode in operation 211. Next, it is de-
termined whether r>2. If r>2, the process goes to the
path A or path B.
[0081] For example, referring to Figures 13A and 13B,
when m=2, since the parameter m is not equal to n- r+1
(=5), the printing is performed on regions of the printing
paper 32 beneath the ink head 35 excluding the first and
second back edge regions 1 and 2 in the 1/8*100%
shingling mode, the line feeding motor is rotated further
by the single step, and the parameter m is increased to
3. Since m≠5, the process goes to operation 207, and
the printing is performed on regions of the printing paper
32 beneath the ink head 35 excluding the first, second,
and third back edge regions 1 , 2 and 3 in the
1/8*100% shingling mode. The line feeding motor is ro-
tated further by a single step and the parameter m is
increased to 4. Since m≠5, the process goes to opera-
tion 207, and the printing is performed on regions of the
printing paper 32 beneath the ink head 35 excluding the
first, second, third and fourth back edge regions 1 , 2 ,
3 and 4 in the 1/8*100% shingling mode. The ine
feeding motor is rotated further by the single step, and
the parameter m is increased to 5. Since m=5, the ink
is discharged from all of the nozzle sections 35-1, 35-2,
35-3, 35-4, 35-5, 35-6, 35-7, and 35-8 in order to perform
printing on the first through eight back edge regions 1
through 8  in a 5/8*100% shingling mode.
[0082] If it is determined in operation 212 that r=2, the
process goes to the path C. A particular path may be
designated by a user or may be previously set in the
printing apparatus.
[0083] In the path A, the line feeding motor is rotated
further by a single step in operation 213, the parameter
m is increased by 1 in operation 214, and the printing is
performed on the mth and nth back edge regions in the
1/n.100% shingling mode in operation 215. The line
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feeding motor is rotated by (n- r+1) steps in operation
216 to draw regions of the printing paper 32 on which
the 100% shingling printing has been undergone, out
and away from the ink head 35. Next, the parameter m
is increased by 1 in operation 217, and printing is per-
formed on the mth through nth back edge regions of the
printing paper 32 in the 1/n.100% shingling mode in op-
eration 218 . Next, it is determined whether m=n in op-
eration 219. If m=n, the back edge printing in the shin-
gling mode is terminated. If m<n, the line feeding motor
is rotated further by the single step in operation 220, and
the process goes to operation 217, where the parameter
m is increased by 1, and the printing is performed on the
mth through nth back edge regions of the printing paper
32 in the 1/n.100% shingling mode in operation 215.
[0084] For example, referring to Figure 13B, after
printing with m=5, the line feeding motor is rotated by
the single step so that the first back edge region 1 is
drawn out and away from the ink head 35, and the sec-
ond and eight back edge regions 2 and 8 are ad-
vanced to the respective nozzle sections 35-8 and 35-2.
Next, with m=6, the printing is performed only on the
sixth, seventh, and eighth back edge regions 6 , 7 and
8 in the 1/8*100% shingling mode. The line feeding
motor is rotated by 5 (=n- r+1) steps to draw the second
through sixth back edge regions 2 through 6 out and
away from the ink head 35. Next, the parameter m is
increased to 7, and the printing is performed on the sev-
enth and eighth back edge regions 7 and 8 in the
1/8*100% shingling mode. Since the parameter m (=7)
is smaller than n (=8), the light feeding motor is rotated
further by the single step, the parameter m is increased
to 8, and the printing is performed on the eighth back
edge region 8 in the 1/8*100% shingling mode. Since
m=n, the back edge printing in the shingling mode is ter-
minated.
[0085] If it is determined in operation 212 of Figure
11A that r>2, and path B is selected, referring to Figure
11C, the line feeding motor is rotated by (n- r+1) steps
in operation 221, the parameter m is increased by 1 in
operation 222, and the printing is performed on the mth

through nth back edge regions in a 1/n.100% shingling
mode in operation 223 . Next, the line feeding motor is
rotated by the single step in operation 224, the param-
eter m is increased by 1, the printing is performed on
the mth through nth back edge regions in the 1/n.100%
shingling mode. It is determined whether m=n in oper-
ation 227. If m=n, the back edge printing in the shingling
mode is terminated. If m<n, the process goes to opera-
tion 224 to repeat printing until the parameter m be-
comes equal to n.
[0086] For example, referring to Figure 13A, with the
assumption that r=4 and path B is selected, after printing
with m=5, the line feeding motor is rotated by 5 (=n- r+1)
steps, the parameter m is increased by 1 and set to 6,
and the printing is performed on the sixth, seventh, and
eighth back edge regions ©, 7 and 8 in the 1/8*100%
shingling mode. The line feeding motor is rotated by the

single step, the parameter m is increased to 7, and the
printing is performed on the seventh and eighth back
edge regions 7 and 8 in the 1/8*100% shingling
mode. Since m≠n, the line feeding motor is rotated fur-
ther by the single step, the parameter m is increased to
8, and the printing is performed on the eighth back edge
region 8 in the 1/8*100% shingling mode. Since m=n,
the back edge printing in the shingling mode is terminat-
ed.
[0087] If it is determined in operation 212 of Figure
11A that r=2, the process goes to path C. Referring to
Figure 11D, the line feeding motor is rotated by (n-1)
steps in operation 231, the parameter m is increased by
1 in operation 232, and the printing is performed on the
nth back edge region in the 1/n.100% shingling mode in
operation 233, thereby terminating the back edge print-
ing in the shingling mode. This printing operation in the
path C will be described later in detail with reference to
Figure 13D.
[0088] In the shingling method for back edge printing
according to the present invention, with the assumption
that the 1/n.100% shingling mode is set as a default, the
ink head 35 is divided into n nozzle sections, the back
edge region of the printing paper 32 to be printed is di-
vided into n back edge regions, wherein the nth back
edge region is the last back edge region.
[0089] Figures 12A through 12E schematically illus-
trate another shingling algorithm for back edge printing.
[0090] Referring to Figure 12A, before the shingling
algorithm for back etching printing is applied, while the
line feeding motor is rotated to advance the printing pa-
per 32 step by step and ink is discharged from the nozzle
sections 35-1, 35-2, 35-3, 35-4, 35-5, 35-6, 35-7, and
35-8 to perform printing in the 12.5% shingling mode.
On the right of each of the nozzle sections 35-1, 35-2,
35-3, 35-4, 35-5, 35-6, 35-7, and 35-8, the shingling
printing percentage of each preceding region of the
printing paper 32 is expressed as 1, 11, 111, 1111, 11111,
111111, 1111111, and 11111111, which indicate that shin-
gling printing is performed on the corresponding region
at 12.5%, 25%, 37.5%, 50%, 62.5%, 75%, 87.5%, and
100%, respectively.
[0091] Referring to Figure 12B, after the line feeding
motor is rotated further by single step to advance a first
back edge region 32-1 to the nozzle section 35-4, the
ink is discharged from the nozzle sections 35-1, 35-3,
35-5, 35-6, 35-7, and 35-8, except for the nozzle section
35-4, in the 12.5% shingling mode so that the shingling
printing percentage of the first back edge region 32-1
that has reached the nozzle section 35-4 remains at
37.5% to be the same as that of the following second
back edge region 32-2. "1" on the right of the nozzle sec-
tion 35-1 indicates that the shingling printing is per-
formed on a fourth back edge region 32-4 at 12.5%, "11"
on the right of the nozzle section 35-2 indicates that the
shingling printing is performed on a third back edge re-
gion 32-3 at 25%, and "111" on the right of the nozzle
sections 35-3 and 35-4 indicate that the shingling print-
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ing is performed on the second and first back edge re-
gions 32-2 and 32-1 at 37.5%. Also, 11111 on the right
of the nozzle section 35-5, 111111 on the right of nozzle
section 35-6, 1111111 on the right of nozzle section 35-7,
and 11111111 on the right of nozzle section 35-8 indicate
that the shingling printing is performed on the corre-
sponding region at 62.5%, 75%, 87.5%, and 100% re-
spectively.
[0092] Referring to Figure 12C, after the line feeding
motor is rotated further to advance the printing paper 32
by the single step, the ink is discharged only from the
nozzle sections 35-1, 35-2, 35-3, 35-6, 35-7, and 35-8,
not from the nozzle sections 35-4 and 35-5, in the 12.5%
shingling mode. Accordingly, the shingling printing per-
centages of the first and second back edge regions 32-1
and 32-2 that have reached the respective nozzle sec-
tions 35-5 and 35-4 remain at 37.5%. The shingling
printing is performed on the regions of the printing paper
32 that have reached the nozzle sections 35-8, 35-7,
and 35-6 at 100% (11111111), 87.5% (1111111), and
75% (111111) respectively. The shingling printing is per-
formed on third, fourth, and fifth back edge regions 32-3,
32-4, and 32-5 of the printing paper 32 that have
reached the nozzle sections 35-3, 35-2, and 35-1 at
37.5% (111), 25% (11), and 12.5% (1) respectively.
[0093] Referring to Figure 12D, after the line feeding
motor is rotated further to advance the printing paper 32
by a single step, the ink is discharged from the nozzle
sections 35-1, 35-2, 35-3, 35-7, and 35-8, not from the
nozzle sections 35-4, 35-5, and 35-6, in the 12.5% shin-
gling mode. Accordingly, the shingling printing percent-
ages of the first, second, and third back edge regions
32-1, 32-2, and 32-3 of the printing paper 32 that have
reached the respective nozzle sections 35-6, 35-5, and
35-4 remain at 37.5% (111). The shingling printing is
performed on the fourth, fifth, and sixth back edge re-
gions 32-4, 32-5, and 32-6 of the printing paper 32 that
have reached the nozzle sections 35-3, 35-2, and 35-1
at 37.5% (111), 25% (11), and 12.5% (1), respectively.
The shingling printing is performed on the regions of the
printing paper 32 that have reached the nozzle sections
35-8 and 35-7 at 100% (11111111) and 87.5% (1111111),
respectively.
[0094] Referring to Figure 12E, after the line feeding
motor is rotated further to advance the printing paper 32
by a single step, the ink is discharged from the nozzle
sections 35-1, 35-2, 35-3, and 35-8, not from the nozzle
sections 35-4, 35-5, 35-6, and 35-7, in the 12.5% shin-
gling mode. Accordingly, the shingling printing percent-
ages of the first, second, third, and fourth back edge re-
gions 32-1, 32-2, 32-3, and 32-4 of the printing paper
32 that have reached the respective nozzle sections
35-7, 35-6, 35-5, and 35-4 remain at 37.5% (111). The
shingling printing is performed on the fifth, sixth, and
seventh back edge regions 32-5, 32-6, and 32-7 of the
printing paper 32 that have reached the nozzle sections
35-3, 35-2, and 35-1 at 37.5% (111), 25% (11), and
12.5% (1), respectively. The shingling printing is per-

formed on a region of the printing paper 32 that has
reached the nozzle section 35-8 at 100% (11111111). At
this time, the last back edge region 32-8 of the printing
paper 32 is the single step behind the nozzle section
35-1.
[0095] Referring to Figure 12F, as the line feeding mo-
tor is rotated further to draw the region of the printing
paper 32 that has reached the nozzle section 35-8 out
and away from the ink head 35 toward the paper exit
roller 36 and to advance the last back edge region 32-8
to the nozzle section 35-1, the ink is discharged from all
of the nozzle sections 35-1, 35-2, 35-3, 35-4, 35-6, 35-7,
and 35-8 for printing in a 62.5% (=5/8*100%) shingling
mode. As a result, the shingling printing is performed on
the sixth, seventh, and eighth back edge regions 32-6,
32-7, and 32-8 that have reached nozzle sections 35-3,
35-2, and 35-1 at 87.5% (115), 75% (15), and 62.5% (5)
respectively. The shingling printing is performed on the
first, second, third, fourth, and fifth back edge regions
32-1, 32-2, 32-3, 32-4, and 32-5 that have reached the
respective nozzle sections 35-4, 35-5, 35-6, 35-7, and
35-8 at 100%.
[0096] Referring to Figure 12G, since the first through
fifth back edge regions 32-1 through 32-5 on which the
100% shingling printing has been undergone through
the previous printing in the 62.5% shingling mode, the
line feeding motor is rotated in 5 steps to draw the first
through fifth back edge regions 32-1 through 32-5 out
and away from the ink head 35. The printing is per-
formed only on the sixth, seventh, and eighth back edge
regions 32-6, 32-7, and 32-8 that have reached the re-
spective nozzle sections 32-8, 32-7, and 32-6 in the
12.5% shingling mode. As a result, the shingling printing
is performed on the sixth back edge region 32-6 at 100%
(1151), the seventh back edge region 32-7 at 87.5%
(151), and the eighth back edge region 32-8 at 75% (51).
[0097] Referring to Figure 12H, the line feeding motor
is rotated by a single step to advance the seventh back
edge region 32-7 of the printing paper 32 to line up be-
neath the nozzle section 35-8, the ink is discharged only
from the nozzle sections 35-7 and 35-8 to perform print-
ing on the eighth and seventh back edge regions 32-8
and 32-7 in the 12.5% shingling mode. As a result, the
shingling printing is performed on the seventh back
edge region 32-7 at 100% (1511) and the eighth back
edge region 32-8 at 87.5% (511).
[0098] Referring to Figure 12I, the line feeding motor
is rotated further by a single step to advance the last
eighth back edge region 32-8 of the printing paper 32 to
the nozzle section 35-8, and the printing is performed
thereon in the 12.5% shingling mode. As a result, the
back edge printing in the shingling mode is terminated.
[0099] The above method of back edge printing ac-
cording to the present invention described with refer-
ence to Figures 12A through 12I is tabulated in Figure
13A. In this method, the shingling printing is performed
according to the path B of Figure 11C.
[0100] With the assumption that the shingling algo-
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rithm is designed to rotate the line feeding motor in 5
steps in order to perform the printing on an entire back
edge region at least once, referring to Figure 13A, after
printing with m=1, it is determined whether the first back
edge region 1 has reached the nozzle section 35-4 that
is located 5 steps behind the nozzle section 35-8 of the
ink head 35, as in operation 205 of Figure 11A. When
the first back edge region 1 reaches the nozzle section
35-4, the ink is discharged from the nozzles sections
35-1, 35-2, 35-3, 35-6, 35-7, and 35-8, but not the nozzle
section 35-4, to perform the printing on the regions of
the printing paper 32 beneath the nozzle sections from
which the ink is discharged, except for the first back
edge region 1 , in the 12.5% (=1/8*100%) shingling
mode, as in operation 207 of Figure 11A.
[0101] In this embodiment, a region of the printing pa-
per 32 located beneath the nozzle section 35-4 is count-
ed as the first back edge region 1 , the following region
beneath the nozzle section 35-3 as the second back
edge region 2 , the following region beneath the nozzle
section 35-2 as the third back edge region 3 and the
following region beneath the nozzle section 35-1 as the
fourth back edge region 4 As a result of printing with
m=1, a total of 37.5% (=3/8*100%) shingling printing is
performed on the first and second back edge regions
1 and 2 , a total of 25% (=2/8*100) shingling printing
is performed on the third back edge region 3 , and a
total of 12.5% (=1/8*100) shingling printing is performed
on the fourth back edge region 4 .
[0102] Next, the first back edge region 1 of the print-
ing paper 32 is advanced by a single step to be directly
beneath the nozzle section 35-5, and the parameter m
is set to 2. At this time, since m≠n- r+1(=5), the printing
is performed on the regions of the printing paper 32 ex-
cluding the first and second back edge regions 1 and
2 in the 12.5% (=1/8*100%) shingling mode, as in op-
eration 207 of Figure 11A. As a result of printing with
m=2, the shingling printing is performed on a region lo-
cated beneath the nozzle section 35-8 at 100%
(=8/8*100%), a region located beneath the nozzle sec-
tion 35-7 at 87.5% (=7/8*100%), and a region located
beneath the nozzle section 35-6 at 75% (=6/8*100%).
The shingling printing percentage of each of the first and
second back edge regions 1 and 2 located beneath
respective nozzle sections 35-5 and 35-4 remains at
37.5% (=3/8*100%) that has been achieved at the pre-
vious stage. Also, the shingling printing is performed on
the third back edge region 3 located beneath the noz-
zle section 35-3 at 37.5% (=3/8*100%), the fourth back
edge region 4 located beneath the nozzle section 35-2
at 25% (=2/8*100%), and the fifth back edge region 5
located beneath the nozzle section 35-1 at 12.5%
(=1/8*100%).
[0103] The line feeding motor is rotated further by a
single step to advance the first back edge region 1 to
line up beneath the nozzle section 35-6, and the param-
eter m is increased to 3. At this time, since m≠n- r+1(=5
the printing is performed on the regions of the printing

paper 32 excluding the first, second, and third back edge
regions 1 , 2 and 3 in the 12.5% (=1/8*100%) shin-
gling mode, as in operation 207 of Figure 11A. As a re-
sult of printing with m=3, the shingling printing is per-
formed on a region located beneath the nozzle section
35-7 at 87.5% (=7/8*100%) and a region located be-
neath the nozzle section 35-8 at 87.5% (=8/8*100%).
Since no ink is discharged from the nozzle sections
35-4, 35-5, and 35-6, the shingling printing percentage
of each of the first, second, and third back edge regions
1 , 2 and 3 beneath the respective nozzle sections
35-6, 35-5, and 35-4 remains at 37.5% (=3/8*100%) that
has been achieved at the previous stage. Also, the shin-
gling printing is performed on the fourth back edge re-
gion 4 beneath the nozzle section 35-3 at 37.5%
(=3/8*100%), the fifth back edge region 5 beneath the
nozzle section 35-2 at 25% (=2/8*100%), and the sixth
back edge region 6 beneath the nozzle section 35-1
at 12.5% (=1/8*100%).
[0104] When m=4 (≠n- r+1(=5)), no ink is discharged
from the nozzle sections 35-7, 35-6, 35-5, and 35-4, so
that the shingling printing percentage of each of the first,
second, third, and fourth back edge regions 1 , 2 , 3
and 4 remains at 37.5% (=3/8*100%) that has been
achieved at the previous stage. As a result of printing in
the 12.5% (=1/8*100%) shingling mode, a total of 37.5%
(=3/8*100%) shingling printing is performed on the fifth
back edge region 5 beneath the nozzle section 35-3,
a total of 25% (=2/8*100%) shingling printing is per-
formed on the sixth back edge region 6 beneath the
nozzle section 35-2, and a total of 12.5% (=1/8*100%)
is performed on the seventh back edge region 7 be-
neath the nozzle section 35-1.
[0105] After the line feeding motor is rotated further
by a single step, and the parameter m is increased to 5,
the ink is discharged from the nozzle sections 35-1,
35-2, 35-3, 35-4, 35-5, 35-6, 35-7, and 35-8 in a 62.5%
(=5/8*100%) shingling mode, as in operation 211 of Fig-
ure 11A. As a result, the shingling printing is performed
on each of the first through fifth back edge regions 1 ,
2 , 3 , 4 and 5 and at 100% (=8/8*100%), the sixth
back edge region 6 at 82.5% (=7/8*100%), the sev-
enth back edge region 7 at 75% (=6/8*100%), and the
eighth back edge region 8  at 62.5% (=5/8*100%).
[0106] For printing with m=6, the line feeding motor is
rotated by 5 steps, as in operation 221 of Figure 11C, to
draw the first through fifth back edge regions 1 through
5 on which the 100% shingling printing has been un-
dergone, out and away from the ink head 35. The ink is
discharged from the nozzle sections 35-6, 35-7, and
35-8 for printing in the 12.5% (=1/8*100%) shingling
mode, as in operation 223 of Figure 11C. As a result,
the shingling printing is performed on the sixth back
edge region 6 at 100% (=8/8*100%), the seventh back
edge region 7 at 82.5% (=7/8*100%), and the eighth
back edge region 8  at 75% (=6/8*100%).
[0107] The line feeding motor is rotated further by a
single step, as in operation 224 of Figure 11C, the pa-
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rameter m is increased to 7, and the printing is per-
formed in the 12.5% (=1/8*100%) shingling mode, as in
operation 226 of Figure 11C. As a result, the shingling
printing is performed on the seventh back edge region
7 at 100% (=8/8*100%) and the eighth back edge re-
gion 8 at 87.5% (=7/8*100%). Next, the line feeding
motor is rotated further by a single step to advance the
eighth back edge region 8 to be directly beneath the
nozzle section 35-8, and the printing is performed on the
eighth back edge region 8 in the 12.5% (=1/8*100%)
shingling mode. As a result, the shingling printing is per-
formed on the eighth back edge region 100%, thereby
terminating the back edge printing through 8 printing op-
erations after operation 227 of Figure 11C.
[0108] Figure 13B is a table illustrating another shin-
gling method for back edge printing, in which the shin-
gling printing is performed according to path A of Figures
11A and 11B.
[0109] In this shingling method for back edge printing,
the printing is performed in a similar manner as the
method shown in Figure 13A up to the fifth printing op-
eration (m=5), but the line feeding motor is rotated only
by the single step, instead of 5 steps, for a next printing
operation with m=6 (refer to operation 213 of Figure
11B). As a result, the first back edge region 1 is drawn
out and away from the ink head 35. In printing with m=6,
the printing is performed only on the sixth, seventh, and
eighth back edge regions 6 , 7 and 8 in the 12.5%
(=1/8*100%) shingling mode, so that the shingling print-
ing is performed on the sixth back edge region 6 at
100%. Accordingly, five back edge regions on which the
100% shingling printing has been undergone, including
the sixth back edge region 6 and the second through
fifth back edge regions 2 through 5 on which the
100% shingling printing has been undergone at the pre-
vious stage, are beneath the ink head 35. Next, for print-
ing with m=7, the line feeding motor is rotated by 5 steps,
as in operation 216 of Figure 11B, to draw the second
through sixth back edge portions 2 through 6 out and
away from the ink head 35. The printing is performed on
the seventh and eighth back edge portions 7 and 8
in the 12.5% shingling mode, as in operation 226 of Fig-
ure 11C. As a result, the shingling printing is performed
on the seventh and eighth back edge portions 7 and
8 at 100% and 87.5% respectively. In printing with
m=8, the shingling printing is performed on the eighth
back edge portion 8 at 100%, thereby terminating the
back edge printing in a shingling mode.
[0110] Figure 13C is a table illustrating another shin-
gling method for back edge printing where the 12.5%
shingling mode is set as a default. In this method, the
shingling printing is performed according to path B of
Figures 11A and 11C.
[0111] When the first back edge region 1 of the print-
ing paper reaches the nozzle section 35-3 that is desig-
nated as nozzle section r, the parameter m is set to 1,
and the printing is performed on regions of the printing
paper 32 excluding the first back edge region 1 in the

12.5% shingling mode. Since the nozzle section 35-3 is
6 (=n-r+1) steps behind the nozzle section 35-8, the
shingling printing is performed in a 75% (=6/8*100%)
shingling mode when m=6, and the printing paper 32 is
advanced 6 steps for printing with m=7. As a result of
printing with m=1, the shingling printing percentage of
the first back edge region remains at 25% (=2/8*100%),
and the shingling printing is performed on the second
back edge region 2 at 25% (=2/8*100%) and the third
back edge region 3  at 12.5% (=1.8*100%).
[0112] The line feeding motor is rotated by the single
step for printing with m=2. The first back edge region
lines up beneath the nozzle section 35-4, and the ink is
discharged from the nozzle sections 35-1, 35-2, 35-5,
35-6, 35-7, and 35-8, except the nozzle sections 35-3
and 35-4, for printing in the 12.5% shingling mode. The
shingling printing percentage of each of the first and sec-
ond back edge regions 1 and 2 remains 25%
(=2/8*100%) that has been achieved at the previous
printing operation. As a result of printing in the 12.5%
shingling mode, the shingling printing is performed on
the third back edge region 3 at 25% (=2/8*100%) and
the fourth back edge region 4  at 12.5%.
[0113] Next, the line feeding motor is rotated by a sin-
gle step, the parameter m is increased to 3, and the ink
is discharged only from the nozzle sections 35-1, 35-2,
35-6, 35-7, and 35-8, excluding the nozzle sections
35-3, 35-4, and 35-5, for printing in the 12.5%
(=1.8*100%) shingling mode. The shingling printing per-
centage of each of the first, second, and third back edge
regions 1 , 2 and 3 remains 25% (=2/8*100%). As
a result of printing in the 12.5% shingling mode, the shin-
gling printing is performed on the fourth back edge re-
gion 4 at 25% (=2/8*100%) and the fifth back edge re-
gion 5  at 12.5% (=1/8*100%).
[0114] Next, the line feeding motor is rotated by a sin-
gle step, the parameter m is increased to 4, and the
printing is performed on regions of the printing paper 32
except for the first through fourth back edge regions 1
through 4 in the 12.5% (=1/8*100%) shingling mode.
As a result, the shingling printing percentage of each of
the first through fourth back edge regions 1 through
4 remains 25% (=2/8*100%), and the shingling printing
is performed on the fifth back edge region 5 at 25%
(2/8*100%) and the sixth back edge region 6 at 12.5%
(=1/8*100%).
[0115] Next, the line feeding motor is rotated by a sin-
gle step for printing with m=5 so that the first back edge
region 1 lines up beneath the nozzle section 35-7, the
printing is performed in the 12.5% shingling mode while
no ink is discharged from the nozzle sections 35-7, 35-6,
35-5, 35-4, and 35-3. As a result, the shingling printing
percentage of each of the first through fifth back edge
regions 1 through 5 beneath the nozzle sections
through which no ink has not been discharged, remains
25% (=2/8*100%). The shingling printing is performed
on the sixth back edge region 6 beneath the nozzle
section 35-2 at 25% (=2/8*100%) and the seventh back
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edge region 7 beneath the nozzle section 35-1 at
12.5% (=1/8*100%).
[0116] Next, for printing with m=6, the line feeding mo-
tor is rotated by a single step to advance the first back
edge region 1 to line up beneath the nozzle section
35-8. The ink is discharged from all of the nozzle sec-
tions 35-1 through 35-8 for printing in a 75%
(=6/8*100%) shingling mode. As a result, the shingling
printing is performed on the first through sixth back edge
regions 1 through © at 100%, the seventh back edge
region 7 at 87.5% (=7/8*100%), and the eighth back
edge region 8  at 75% (=6/8*100%).
[0117] Next, for printing with m=7, the line feeding mo-
tor is rotated in 6 steps so that the first through sixth
back edge regions 1 through 6 are drawn out and
away from the ink head 35. The printing is performed on
the seventh and eighth back edge regions 7 and 8
in the 12.5% (=1/8*100%) shingling mode. As a result,
the shingling printing is performed on the seventh back
edge region 7 at 100% and the eighth back edge re-
gion 8  at 87.5% (=7/8*100%).
[0118] Next, for printing with m=8, the line feeding mo-
tor is rotated further by the single step to advance the
eighth back edge region 8 to line up beneath the noz-
zle section 35-8. The printing is performed on the eight
back edge region 8 in the 12.5% shingling mode,
thereby terminating the back edge printing in the shin-
gling mode.
[0119] Figure 13D is a table illustrating another shin-
gling method for back edge printing where the 12.5%
shingling mode is set as a default, and the back edge
printing is terminated through seven printing operations.
In this method, the shingling printing is performed ac-
cording to the path C of Figures 11A and 11D.
[0120] When the first back edge region 1 of the print-
ing paper 32 reaches the nozzle section 35-2 that is des-
ignated as nozzle section r, as in operation 205 of Figure
11A, the parameter m is set to 1, and the printing is per-
formed on regions of the printing paper 32 excluding the
first back edge region 1 in the 12.5% shingling mode,
as in operation 207 of Figure 11A. The line feeding motor
is rotated step by step, and the printing is repeatedly
performed in the 12.5% (=1/8*100%) shingling mode
until the parameter m becomes 6, in such a manner that
no ink is discharged onto the first through mth back edge
regions, as in operation 207 through 210 of Figure 11A.
As a result of printing with m=6, the shingling printing is
performed on each of the first through seventh back
edge regions 1 through 7 at 12.5% (=1/8*100%), and
the first back edge region 1 is directly beneath nozzle
section 35-7.
[0121] For printing with m=7, the line feeding motor is
rotated further by a single step, and the ink is discharged
from all of the nozzle sections 35-1 through 35-7 for
printing in a 87.5% (=7/8*100%) shingling mode, as in
operation 211 of Figure 11A, so that the shingling print-
ing is performed on each of the first through seventh
back edge regions 1 through 7 at 100% and the

eighth back edge region 8 at 87.5% (=7/8*100%). For
printing with m=8, the line feeding motor is rotated by 7
steps, as in operation 231 of Figure 11D, to draw the
first through seventh back edge regions 1 through 7
out and away from the ink head 35. Next, the printing is
performed on the eighth back edge region 8 in the
12.5% shingling mode, as in operation 213 of Figure
11C. As a result, the back edge printing in the shingling
mode is terminated.
[0122] Figure 14A is a table illustrating another shin-
gling method for back edge printing where the 20% shin-
gling mode is set as a default. In this method, the shin-
gling printing is performed according to the path B of
Figures 11A and 11C.
[0123] When the first back edge region 1 of the print-
ing paper 32 reaches the nozzle section 45-3 that is des-
ignated as a nozzle section r, the parameter m is set to
1, and the ink is discharged from the nozzle sections
45-1, 45-2, 45-4, and 45-5, but not the nozzle section
45-3, for printing in the 20% shingling mode. As a result,
the shingling printing is performed on each of the first
and second back edge regions 1 and at 40%
(=2/5*100%) and the third back edge region 3 at 20%
(=1/5*100%).
[0124] For printing with m=2, the line feeding motor is
rotated by the single step so that a fourth back edge
region 4 just reaches the ink head 35 to line up beneath
the nozzle section 45-1. Next, the printing is performed
on the third and fourth back edge regions 3 and 4 ,
not on the first and second back edge regions 1 and
2 , in the 20% shingling mode.
[0125] For printing with m=3, the line feeding motor is
rotated by the single step, and the ink is discharged from
all of the nozzle sections 45-1 through 45-5 for printing
in a 60% (=3/5*100%) shingling mode. As a result, the
shingling printing is performed on each of the first, sec-
ond, and third back edge regions 1 , 2 and 3 at
100%, the fourth back edge region 4 at 80%
(=4/5*100%), and the fifth back edge region 5 at 60%
(=3/5*100%).
[0126] Next, for printing with m=4, the line feeding mo-
tor is rotated by 3 steps to draw the first, second, and
third back edge regions 1 , 2 and 3 out and away
from the ink head 35. The printing is performed on the
fourth and fifth back edge regions 4 and 5 in the 20%
shingling mode. As a result, the shingling printing is per-
formed on the fourth back edge region 4 beneath the
nozzle section 45-5 at 100% and the fifth back edge re-
gion 5 beneath the nozzle section 45-4 at 80%
(=4/5*100%).
[0127] Next, for printing with m=5, the line feeding mo-
tor is rotated further by the single step to advance the
fifth back edge region 5 to line up beneath the nozzle
section 45-5, the printing is performed on the fifth back
edge region 5 in the 20% (=1/5*100%) shingling mode,
thereby terminating the back edge printing in the shin-
gling mode.
[0128] Alternatively, for printing with m=4, the line
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feeding motor may be rotated only by a single step. In
this case, only the first back edge region 1 is drawn
out and away from the ink head 35, and the printing is
performed only on the fourth and fifth back edge regions
4 and 5 in the 20% shingling mode, so that the shin-
gling printing is achieved at 100% for each of the sec-
ond, third, and fourth back edge regions 2 , 3 and 4 .
Next, for printing with m=5, the line feeding motor is ro-
tated by the 3 steps such that the second, third, and
fourth back edge regions 2 , 3 and 4 are drawn out
and away from the ink head 35, and the fifth back edge
region 5 is directly beneath the nozzle section 45-5.
Through an additional printing operation on the fifth back
edge region 5 in the 20% shingling mode, the back
edge printing is terminated.
[0129] Figure 14B is a table illustrating another shin-
gling method for back edge printing where the 20% shin-
gling mode is set as a default. Unlike the method shown
in Figure 14A, the line feeding motor is rotated by up to
4 steps in this method, and the shingling printing is per-
formed according to path C of Figures 11A and 11D.
[0130] When the first back edge region 1 of the print-
ing paper 32 reaches the nozzle section 45-2 that is des-
ignated as the nozzle section r, the parameter m is set
to 1, and the ink is discharged from the nozzle sections
45-1, 45-3, 45-4, and 45-5, but not the nozzle section
45-2, for printing in the 20% (=1/5*100%) shingling
mode. When m=2, no ink is discharged from the nozzle
sections 45-2 and 45-3, so that the printing is performed
on regions of the printing paper 32 excluding the first
and second back edge regions 1 and 2 beneath the
respective nozzle sections 45-3 and 45-2. When m=3,
no ink is discharged from the nozzle sections 45-2, 45-3,
and 45-4, so that the printing is performed on regions of
the printing paper 32 excluding the first, second, and
third back edge regions 1 , 2 and 3 beneath the re-
spective nozzle sections 45-4, 45-3, and 45-2.
[0131] For printing with m=4, the line feeding motor is
rotated by the single step, and the ink is discharged from
all of the nozzle sections 45-1 through 45-5 for printing
in a 80% (=4/5*100%) shingling mode. As a result, the
shingling printing is performed on each of the first, sec-
ond, third, and fourth back edge regions 1 , 2 , 3 and
4 at 100% and the fifth back edge region 5 at 80%
(=4/5*100%). For printing with m=5, the line feeding mo-
tor is rotated by 4 steps so that the first through fourth
back edge regions 1 through 4 are drawn out and
away from the ink head 35. The printing is performed on
the fifth back edge region 5 in the 20% (=1/5*100%)
shingling mode, thereby terminating the back edge
printing in the shingling mode.
[0132] Figure 15 is a table illustrating another shin-
gling method for back edge printing where the 25% shin-
gling mode is set as a default.
[0133] When the first back edge region 1 of the print-
ing paper 32 reaches the nozzle section 55-2 that is des-
ignated as nozzle section r, the parameter m is set to 1,
and the ink is discharged from the nozzle sections 55-1,

55-3, and 55-4, but not the nozzle section 55-2, for print-
ing in the 25% (=1/4*100%) shingling mode.
[0134] When m=2, no ink is discharged from the noz-
zle sections 55-2 and 55-3, so that the printing is per-
formed on regions of the printing paper 32 excluding the
first and second back edge regions 1 and 2 beneath
the respective nozzle sections 55-3 and 55-2. As a re-
sult, the shingling printing percentage of each of the first
and second back edge regions 1 and 2 remains at
25% (=1/4*100%), and the shingling printing is per-
formed on the third back edge region 3  at 25%.
[0135] When m=3, the ink is discharged from all of the
nozzle sections 55-1 through 55-4 for printing in a 75%
(=3/4*100%) shingling mode. As a result, the shingling
printing is performed on each of the first, second, and
third back edge regions 1 , 2 and 3 at 100% and the
fourth back edge region 4  at 75% (=3/4*100%).
[0136] For printing with m=4, the line feeding motor is
rotated by 3 steps so that the first, second, and third
back edge regions 1 , 2 and 3 are drawn out and
away from the ink head 35. The printing is performed on
the fourth back edge region 4 in a 25% (=1/4*100%)
shingling mode, thereby terminating the back edge
printing in the shingling mode.
[0137] According to the present invention, high quality
front or back edge printing can be achieved using the
shingling algorithm without ink contamination of the
printing paper and the ribs.
[0138] While the present invention has been particu-
larly described in the above with reference to embodi-
ments thereof, the above embodiments of the present
invention are for illustrative purposes. For example, it
will be understood by those skilled in the art that any
algorithms of various shingling modes can be applied.

Claims

1. A method of printing in the leading margin of a sheet
(31) using a transversely scanning print head (35)
having a set of nozzles (35-1,..., 35-8) arrayed in
the sheet feeding direction during printing, the
method comprising advancing the leading edge
(31-1) of a sheet to a first position to receive ink from
a first (35-1) of the nozzles and scanning the head
with said first nozzle (35-1) enabled for printing with
said leading edge (31-1) at the first position, char-
acterised by subsequently advancing said leading
edge (31-1) past a plurality of said nozzles (35-1, ...,
35-8) to a second position between successive
printing scans of said head (35) and performing a
plurality of scans of said head (35) with a plurality
of said nozzles (35-1, ..., 35-8) enabled for printing
with said leading edge (31-1) at the second position.

2. A method according to claim 1, wherein the first and
second positions are arranged to be aligned with
ink capture means extending uninterrupted across
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substantially the full width of said sheet (31).

3. A method according to claim 1 or 2, wherein the
number of said plurality of scans equals the number
of said plurality of nozzles (35-1, ..., 35-8) passed
between successive printing scans.

4. A method according to claim 3, including, following
said plurality of printing scans, repeatedly advanc-
ing said sheet (31) in steps corresponding to the
nozzle pitch and performing a printing scan with the
head (35) while incrementing the number of nozzles
enabled for printing with each scan until all of the
nozzles are so enabled, wherein first and second
spaced nozzles (35-8, 35-1) are initially enabled for
printing and nozzles (35-2, ..., 35-7) are succes-
sively enabled from the back of the head (35) until
there is an uninterrupted block of enabled nozzles
extending from said first nozzle to said second noz-
zle.

5. A method according to claim 4, wherein the back
and front three nozzles (35-1, 35-6, 35-7, 35-8) are
initially enabled for printing.

6. A method according to claim 4, wherein the back
and the front but one, the front but two and the front
but three nozzles (35-1, 35-5, 35-6, 35-7) are initial-
ly enabled for printing.

7. A method according to claim 4, wherein the back
and front nozzles (35-1, 35-8) are initially enabled
for printing.

8. A method according to claim 4, wherein the back
and front two nozzles (35-1, 35-7, 35-8) are initially
enabled for printing.

9. A method of printing in the trailing margin of a sheet
(31) using a transversely scanning print head (35)
having a set of nozzles (35-1,..., 35-8) arrayed in
the sheet feeding direction during printing, the
method comprising advancing the trailing edge
(32-8) of a sheet to a second position to receive ink
from a first (35-8) of the nozzles and scanning the
head with said first nozzle (35-8) enabled for print-
ing with said trailing edge (32-8) at the second po-
sition, characterised by previously advancing said
trailing edge (32-8) past a plurality of said nozzles
(35-1, ..., 35-8) from a second position between
successive printing scans of said head (35) and per-
forming a plurality of scans of said head (35) with a
plurality of said nozzles (35-1, ..., 35-8) enabled for
printing with said leading edge (31-1) at or in front
of the second position.

10. A method according to claim 9, wherein the first and
second positions are arranged to be aligned with

ink capture means extending uninterrupted across
substantially the full width of said sheet (31).

11. A method according to claim 9 or 10, wherein the
number of said plurality of scans equals the number
of said plurality of nozzles (35-1, ..., 35-8) passed
between successive printing scans.

12. A method according to claim 11, including, preced-
ing said plurality of printing scans, repeatedly ad-
vancing said sheet (31) in steps corresponding to
the nozzle pitch and performing a printing scan with
the head (35) while decrementing the number of
nozzles enabled for printing with each scan, where-
in first and second spaced nozzles (35-1, 35-8) are
finally enabled for printing and nozzles (35-2, .,.,
35-7) are successively disabled towards the front of
the head (35).

13. A method according to claim 11, wherein the back
three and front nozzles (35-1, 35-2, 35-3, 35-8) are
finally enabled for printing.

14. A method according to claim 11, wherein the back
two and the front nozzles (35-1, 35-2, 35-8) are fi-
nally enabled for printing.

15. A method according to claim 11, wherein the back
and front nozzles (35-1, 35-8) are initially enabled
for printing.

16. A printer including a transversely scanning print
head (35) having a plurality of nozzles (35-1, ...,
35-8) arrayed in the direction of sheet movement
during printing, sheet transport means (32, 34, 36,
38) for transporting a sheet (31) past the head (35)
and control means for controlling the sheet trans-
port means (32, 34, 36, 38), the head (35) and the
nozzles(35-1, ..., 35-8), characterised in that the
control means is configured to controlling the printer
so as to perform a method according to any preced-
ing claim.

17. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

(a) setting a 1/nx100% shingling mode as a de-
fault of the printing apparatus to divide a nozzle
portion of the ink head into nozzle sections 1
through n in the paper advance direction and a
front edge region of the printing paper into first
through nth front edge regions each having the
same width as each nozzle section of the ink
head in the paper advance direction;
(b) rotating the line feeding motor by a single
step corresponding to the width so that the first
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front edge region of the printing paper lines up
beneath the nozzle section 1 of the ink head,
to set a parameter m, which is an integer indi-
cating the number of printing operations, to 1,
and to perform printing on the first front edge
region of the printing paper in the 1/nx100%
shingling mode;
(c) when the first front edge region of the print-
ing paper lines up beneath the nozzle section
2 of the ink head, increasing the parameter m
to 2 to perform printing on the first and second
front edge regions of the printing paper in the
1/nx100% shingling mode;
(d) when the first front edge region of the print-
ing paper lines up beneath the nozzle section
(s+2), where 1<s<n, increasing the parameter
m to 3 to perform printing on the first through
(s+2)th front edge regions of the printing paper
in a s/nx100% shingling mode;
(e) increasing the parameter m by 1 to perform
printing on regions of the printing paper exclud-
ing mth trough (s+2)th front edge regions in the
1/n.100% shingling mode; and
(f) repeating operation (e) until m=s+2, rotating
the line feeding motor by the single step if
m=s+2, and performing printing on regions of
the printing paper beneath the nozzle sections
n through 1 of the ink head in the 1/nx100%
shingling mode.

18. The shingling method of claim 17, wherein the print-
ing paper has one of different sizes.

19. The shingling method of claim 17, wherein the print-
ing apparatus comprises paper feed and exit rollers
disposed in the paper advance direction and a plu-
rality of ribs disposed at intervals between the paper
feed roller and the paper exit roller in a direction per-
pendicular to the paper advance direction.

20. The shingling method of claim 17, wherein the ro-
tating of the line feeding motor by the single step
corresponding to the width comprises:

discharging ink from the nozzle section 1 of the
ink head.

21. The shingling method of claim 17, wherein the in-
creasing of the parameter m to 2 comprises:

rotating the line feeding motor by the single
step; and
discharging ink from the nozzle sections 2 and
1 of the ink head positioned above the first and
second front edge regions of the printing paper.

22. The shingling method of claim 17, wherein the in-
creasing of the parameter m to 3 comprises:

rotating the line feeding motor by s steps; and
discharging ink from the nozzle sections (s+2)
through 1 of the ink head positioned above the
first through (s+2)th front edge regions of the
printing paper.

23. The shingling method of claim 17, wherein the in-
creasing of the parameter m by 1 comprises:

rotating the line feeding motor by the single
step; and
discharging ink from the nozzle sections ex-
cluding the nozzle sections s through (m-2)th of
the ink head positioned above mth through
(s+2)th front edge regions of the printing paper.

24. The shingling method of claim 17, the repeating of
the operation (e) until m=s+2, comprises:

rotating the line feeding motor by the single
step to increase the parameter m by 1 and per-
form printing on regions of the printing paper
beneath the nozzle sections 1 through n of the
ink head in the 1/n.100% shingling mode.

25. The shingling method of claim 24, wherein n is an
integer greater than 4.

26. The shingling method of claim 17, wherein n is an
integer greater than 4.

27. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

(a) setting a 1/n3100% shingling mode as a de-
fault of the printing apparatus to divide a nozzle
portion of the ink head into nozzle sections 1
through n in the paper advance direction and a
front edge region of the printing paper into first
through nth front edge regions having the same
width as each nozzle section of the ink head in
the paper advance direction;
(b) rotating the line feeding motor by a single
step corresponding to the width so that the first
front edge region of the printing paper lines up
beneath the nozzle section 1 of the ink head,
to set a parameter m, which is an integer indi-
cating the number of printing operations, to 1,
and to perform printing on the first front edge
region of the printing paper in the 1/n3100%
shingling mode;
(c) when the first front edge region of the print-
ing paper lines up beneath the nozzle section
(s+1), where 1<s<n, of the ink head, increasing
the parameter m to 2 to perform printing on the
first through (s+1)th front edge regions of the
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printing paper in a s/n.100% shingling mode;
(d) increasing the parameter m by 1 to perform
printing on regions of the printing paper exclud-
ing mth trough (s+1)th front edge regions in the
1/n3100% shingling mode; and
(e) repeating operation (d) until m=s+1, rotating
the line feeding motor by the single step if
m=s+1, to increase the parameter m by 1 and
perform printing on regions of the printing paper
beneath the nozzle sections n through 1 of the
ink head in the 1/n3100% shingling mode.

28. The shingling method of claim 27, wherein the print-
ing paper has one of different sizes.

29. The shingling method of claim 27, wherein the print-
ing apparatus comprises paper feed and paper exit
rollers disposed in the paper advance direction and
a plurality of ribs disposed at intervals between the
paper feed roller and the paper exit roller in a direc-
tion perpendicular to the paper advance direction.

30. The shingling method of claim 27, wherein the ro-
tating of the line feeding motor by the single step
corresponding to the width comprises:

discharging ink from the nozzle section 1 of the
ink head.

31. The shingling method of claim 27, wherein the in-
creasing of the parameter m to 2 comprises:

rotating the line feeding motor by s steps; and
discharging ink from the nozzle sections (s+1)
through 1 of the ink head positioned above the
first through (s+2)th front edge regions of the
printing paper.

32. The shingling method of claim 27, wherein the in-
creasing of the parameter m by 1 comprises:

rotating the line feeding motor by the single
step; and
discharging ink from the nozzle sections ex-
cluding the nozzle sections s through 2 of the
ink head positioned above the mth through
(s+1)th front edge regions of the printing paper.

33. The shingling method of claim 27, wherein the re-
peating of the operation (d) until m=s+1, comprises:

rotating the line feeding motor by the single
step to perform printing on regions of the print-
ing paper positioned beneath the nozzle sec-
tions n through 1 of the ink head in the
1/n3100% shingling mode.

34. The shingling method of claim 33, wherein n is an

integer greater than 3.

35. The shingling method of claim 27, wherein n is an
integer greater than 3.

36. A shingling method for back edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

(a) setting a 1/n3100% shingling mode as a de-
fault of the printing apparatus to divide a nozzle
portion of the ink head into nozzle sections 1
through n in the paper advance direction and a
back edge region of the printing paper into first
through nth back edge regions having the same
width as each nozzle section of the ink head in
the paper advance direction;
(b) rotating the line feeding motor so that the
first back edge region of the printing paper lines
up beneath a nozzle section r, where 2<r<n-1,
of the ink head, to set a parameter m, which is
an integer indicating the number of printing op-
erations, to 1, and to perform printing on re-
gions of the printing paper excluding the first
back edge region in the 1/n.100% shingling
mode;
(c) rotating the line feeding motor by a single
step corresponding to the width, to increase the
parameter m by 1 and perform printing on re-
gions of the printing paper excluding the first
through mth back edge regions in the 1/n.
1000/0 shingling mode;
(d) repeating operation (c) until m=n- r, to per-
form printing on the first through nth back edge
regions of the printing paper in a m/n3100%
shingling mode if m=n- r+1;
(e) rotating the line feeding motor by the single
step to increase the parameter m by 1 and per-
form printing on the mth through nth back edge
regions of the printing paper in the 1/n3100%
shingling mode;
(f) rotating the line feeding motor such that the
second through mth back edge regions of the
printing paper is drawn out from the ink head,
to perform printing on the mth through nth back
edge regions in the 1/n3100% shingling mode;
and
(g) rotating the line feeding motor by the single
step to increase the parameter m by 1 and per-
form printing on the mth through nth back edge
regions in the 1/n3100% shingling mode until
m=n.

37. The shingling method of claim 36, wherein the print-
ing paper has one of different sizes.

38. The shingling method of claim 36, wherein the print-
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ing apparatus comprises paper feed and paper exit
rollers disposed in the paper advance direction and
a plurality of ribs disposed at intervals between the
paper feed roller and the paper exit roller in a direc-
tion perpendicular to the paper advance direction.

39. The shingling method of claim 36, wherein, in the
operation (b), ink is discharged from the nozzle sec-
tions of the ink head excluding a nozzle section r.

40. The shingling method of claim 36, wherein, in the
operation (c), ink is discharged from nozzle sections
(r+m-1) through r positioned above the first through
mth back edge regions of the printing paper.

41. The shingling method of claim 36, wherein, in the
operation (e), ink is discharged from nozzle sec-
tions r through 2 of the ink head positioned above
the mth and nth back edge regions of the printing
paper.

42. The shingling method of claim 36, wherein, in the
operation (f), the line feeding motor is rotated by n-
r+1 steps, and ink is discharged from nozzle sec-
tions n through m of the ink head positioned above
the mth through nth back edge regions of the printing
paper.

43. The shingling method of claim 42, wherein n is an
integer greater than 3.

44. The shingling method of claim 36, wherein n is an
integer greater than 3.

45. A shingling method for back edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

(a) setting a 1/n3100% shingling mode as a de-
fault of the printing apparatus to divide a nozzle
portion of the ink head into nozzle sections 1
through n in the paper advance direction and a
back edge region of the printing paper into first
through nth back edge regions having the same
width as each nozzle section of the ink head in
the paper advance direction;
(b) rotating the line feeding motor so that the
first back edge region of the printing paper lines
up beneath nozzle section r, where 1<r<n, of
the ink head, to set a parameter m, which is an
integer indicating the number of printing oper-
ations, to 1, and to perform printing on regions
of the printing paper excluding the first back
edge region in the 1/n3100% shingling mode;
(c) rotating the line feeding motor by a single
step corresponding to the width to increase the
parameter m by 1 and perform printing on re-

gions of the printing paper excluding the first
through mth back edge regions in the 1/n.100%
shingling mode;
(d) repeating operation (c) until m=n- r, to per-
form printing on the first through nth back edge
regions in a m/n3100% shingling mode if m=n-
r+1;
(e) rotating the line feeding motor by (n- r+1)
steps to increase the parameter m by 1 and per-
form printing on the mth through nth back edge
regions of the printing paper in the 1 /n.100%
shingling mode; and
(f) rotating the line feeding motor by the single
step to increase the parameter m by 1 and per-
form printing on the mth through nth back edge
regions of the printing paper in the 1/n.100%
shingling mode until m=n.

46. The shingling method of claim 45, wherein the print-
ing paper has one of different sizes.

47. The shingling method of claim 45, wherein the print-
ing apparatus comprises paper feed and paper exit
rollers disposed in the paper advance direction and
a plurality of ribs disposed at intervals between the
paper feed roller and the paper exit roller in a direc-
tion perpendicular to the paper advance direction.

48. The shingling method of claim 45, wherein, in the
operation (b), ink is discharged from the nozzle sec-
tions of the ink head excluding a nozzle section r.

49. The shingling method of claim 45, wherein, in the
operation (c), ink is discharged from the nozzle sec-
tions of the ink head excluding nozzle sections
(r+m-1) through r positioned above the first through
mth back edge regions of the printing paper.

50. The shingling method of claim 45, wherein n is an
integer greater than 3.

51. The shingling method of claim 45, wherein, in the
operation (d), ink is discharged from nozzle sec-
tions n through 1 of the ink head positioned above
the first through nth back edge regions of the printing
paper.

52. The shingling method of claim 51, wherein n is an
integer greater than 3.

53. The shingling method of claim 45, wherein, in the
operation (e), ink is discharged from nozzle sec-
tions n through m of the ink head positioned above
the mth through nth back edge regions of the printing
paper.

54. The shingling method of claim 53, wherein n is an
integer greater than 3.
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55. The shingling method of claim 45, wherein, in the
operation (f), ink is discharged from nozzle sections
n through m of the ink head positioned above the
mth through nth back edge regions of the printing
paper.

56. The shingling method of claim 55, wherein n is an
integer greater than 3.

57. A shingling method for back edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

(a) setting a 1/n3100% shingling mode as a de-
fault of the printing apparatus to divide a nozzle
portion of the ink head into nozzle sections 1
through n in the paper advance direction and a
back edge region of the printing paper into first
through nth back edge regions having the same
width as each nozzle section of the ink head in
the paper advance direction;
(b) rotating the line feeding motor so that the
first back edge region of the printing paper lines
up beneath the nozzle section 2 of the ink head,
to set a parameter m, which is an integer indi-
cating the number of printing operations, to 1,
and to perform printing on regions of the print-
ing paper excluding the first back edge region
in the 1/n3100% shingling mode;
(c) rotating the line feeding motor by a single
step corresponding to the width to increase the
parameter m by 1 and perform printing on re-
gions of the printing paper excluding the first
through mth back edge regions in the 1
/n3100% shingling mode;
(d) repeating operation (c) until m=n- 2, to per-
form printing on the first through nth back edge
regions of the printing paper in a m/n3100%
shingling mode if m=n- 1; and
(e) rotating the line feeding motor by (n- 1)
steps to increase the parameter m to n and per-
form printing on the nth back edge region of the
printing paper in the 1 /n3100% shingling
mode.

58. The shingling method of claim 57, wherein the print-
ing paper has one of different sizes.

59. The shingling method of claim 57, wherein the print-
ing apparatus comprises paper feed roller and pa-
per exit rollers disposed in the paper advance direc-
tion and a plurality of ribs disposed at intervals be-
tween the paper feed roller and the paper exit roller
in a direction perpendicular to the paper advance
direction.

60. The shingling method of claim 57, wherein, in the

operation (b), ink is discharged from the nozzle sec-
tions of the ink head excluding nozzle section 2.

61. The shingling method of claim 57, wherein, in the
operation (c), ink is discharged from the nozzle sec-
tions of the ink head excluding nozzle sections noz-
zle sections (m+1) through 2 positioned above the
first through mth back edge regions of the printing
paper.

62. The shingling method of claim 57, wherein, in the
operation (d), ink is discharged from nozzle sec-
tions n through 1 positioned above the first through
nth back edge regions of the printing paper.

63. The shingling method of claim 62, wherein n is an
integer greater than 3.

64. The shingling method of claim 57, wherein n is an
integer greater than 3.

65. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

setting one of shingling modes as a shingling
printing mode of the printing apparatus to print
an edge portion of the printing paper to divide
a nozzle portion of the ink head into a plurality
of nozzle sections in the paper advance direc-
tion and the edge portion of the printing paper
into a plurality of edge regions each having the
same width as each nozzle section of the ink
head in the paper advance direction according
to the one of the shingling modes;
rotating the line feeding motor by a step corre-
sponding to the width, so that a first number of
the edge regions of the printing paper are over-
lapped with the first number of the nozzle sec-
tions of the ink head to be printed by the over-
lapped first number of the nozzle sections of the
ink head; and
rotating the line feeding motor by a plurality of
steps without printing, so that a second number
of the edge regions of the printing paper are
overlapped with the second number of the noz-
zle sections of the ink head to be printed by the
overlapped second number of the nozzle sec-
tions of the ink head.

66. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

setting one of shingling modes as a shingling
printing mode of the printing apparatus to print
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an edge portion of the printing paper to divide
a nozzle portion of the ink head into a plurality
of nozzle sections in the paper advance direc-
tion and the edge portion of the printing paper
into a plurality of edge regions each having the
same width as each nozzle section of the ink
head in the paper advance direction according
to the one of the shingling modes;
rotating the line feeding motor by a step corre-
sponding to the width, so that a first number of
the edge regions of the printing paper are over-
lapped with the first number of the nozzle sec-
tions of the ink head to be printed by the over-
lapped first number of the nozzle sections of the
ink head; and
rotating the line feeding motor by a plurality of
steps without printing, so that a second number
of the edge regions of the printing paper are
overlapped with the second number of the noz-
zle sections of the ink head to be printed by a
third number of the nozzle sections less then
the overlapped second number of the nozzle
sections of the ink head.

67. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

setting one of shingling modes as a shingling
printing mode of the printing apparatus to print
an edge portion of the printing paper to divide
a nozzle portion of the ink head into a plurality
of nozzle sections in the paper advance direc-
tion and the edge portion of the printing paper
into a plurality of edge regions each having the
same width as each nozzle section of the ink
head in the paper advance direction according
to the one of the shingling modes; and
controlling the line feeding motor to rotate by a
step or a plurality of steps each corresponding
to the width, so that a first number of the edge
regions of the printing paper are overlapped
with the first number of the nozzle sections of
the ink head to be printed by a second number
of the nozzle sections less than the first number
of the nozzle sections of the ink head.

68. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

setting one of a plurality of shingling modes as
a shingling printing mode of the printing appa-
ratus to print an edge portion of the printing pa-
per to divide a nozzle portion of the ink head
into a plurality of nozzle sections in the paper

advance direction and the edge portion of the
printing paper into a plurality of edge regions
each having the same width as each nozzle
section of the ink head in the paper advance
direction according to the one of the shingling
modes; and
controlling the line feeding motor to rotate by a
step or a plurality of steps each corresponding
to the width to print a first number of the edge
regions of the printing paper according to the
one of the shingling modes and a second
number of the edge regions of the printing pa-
per according to another one of the shingling
modes.

69. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

setting one of a plurality of shingling modes as
a shingling printing mode of the printing appa-
ratus to print an edge portion of the printing pa-
per to divide a nozzle portion of the ink head
into a plurality of nozzle sections in the paper
advance direction and the edge portion of the
printing paper into a plurality of edge regions
each having the same width as each nozzle
section of the ink head in the paper advance
direction according to the one of the shingling
modes;
controlling the line feeding motor to rotate by a
step or a plurality of steps each corresponding
to the width; and
controlling a first number of the nozzle sections
to discharge ink toward corresponding ones of
the edge regions and a second number of noz-
zle sections not to discharge the ink toward cor-
responding ones of the edge regions according
to a rotation of the line feeding motor by one of
the step and the steps.

70. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

setting one of a plurality of shingling modes as
a shingling printing mode of the printing appa-
ratus; and
controlling nozzle sections of the ink head to
selectively discharge ink toward the printing pa-
per according to both the one of the shingling
modes and another one of the shingling modes.

71. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
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advance direction, the method comprising:

controlling nozzle sections of the ink head to
selectively discharge ink toward the printing pa-
per according to at least two shingling modes
while the line feeding motor feeds the printing
paper.

72. A shingling method for front edge printing in a print-
ing apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the method comprising:

changing a first shingling mode to a second
shingling mode according to a rotation of the
line feeding motor.

73. A shingling apparatus for edge printing in a printing
apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the shingling apparatus com-
prising:

a print setting unit setting one of a plurality of
shingling modes as a shingling printing mode
of the printing apparatus to print an edge por-
tion of the printing paper to divide a nozzle por-
tion of the ink head into a plurality of nozzle sec-
tions in the paper advance direction and the
edge portion of the printing paper into a plurality
of edge regions each having the same width as
each nozzle section of the ink head in the paper
advance direction according to the one of the
shingling modes; and
a controller controlling the line feeding motor to
rotate by a step or a plurality of steps each cor-
responding to the width to print a first number
of the edge regions of the printing paper using
the nozzle sections according to the one of the
shingling modes, and to print a second number
of the edge regions of the printing paper using
the nozzle sections according to another one of
the shingling modes.

74. A shingling apparatus for edge printing in a printing
apparatus having an ink head and a line feeding
motor feeding a sheet of printing paper in a paper
advance direction, the shingling apparatus com-
prising:

a print setting unit setting one of a plurality of
shingling modes as a shingling printing mode
of the printing apparatus to print an edge por-
tion of the printing paper to divide a nozzle por-
tion of the ink head into a plurality of nozzle sec-
tions in the paper advance direction and the
edge portion of the printing paper into a plurality
of edge regions each having the same width as

each nozzle section of the ink head in the paper
advance direction according to the one of the
shingling modes; and
a controller controlling the line feeding motor to
rotate by a step or a plurality of steps each cor-
responding to the width to print a first number
of the edge regions of the printing paper ac-
cording to the one of the shingling modes and
a second number of the edge regions of the
printing paper according to another one of the
shingling modes.

75. A shingling apparatus for front edge printing in a
printing apparatus having an ink head and a line
feeding motor feeding a sheet of printing paper in a
paper advance direction, the shingling apparatus
comprising:

a print setting unit setting one of a plurality of
shingling modes as a shingling printing mode
of the printing apparatus to print an edge por-
tion of the printing paper to divide a nozzle por-
tion of the ink head into a plurality of nozzle sec-
tions in the paper advance direction and the
edge portion of the printing paper into a plurality
of edge regions each having the same width as
each nozzle section of the ink head in the paper
advance direction according to the one of the
shingling modes; and
a controller controlling the line feeding motor to
rotate by a step or a plurality of steps each cor-
responding to the width, and controlling a first
number of the nozzle sections to discharge ink
toward corresponding ones of the edge regions
and a second number of nozzle sections not to
discharge the ink toward corresponding ones
of the edge regions according to a rotation of
the line feeding motor by one of the step and
the steps.

76. A shingling apparatus for front edge printing in a
printing apparatus having an ink head and a line
feeding motor feeding a sheet of printing paper in a
paper advance direction, the shingling apparatus
comprising:

a controller changing a first shingling mode to
a second shingling mode according to a rota-
tion of the line feeding motor.
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