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(54) LIQUID DISCHARGING APPARATUS

(57)  Aliquid discharging apparatus (1) includes a lig-
uid discharging head (220) including nozzles arranged
linearly and configured to discharge liquid onto a record-
ing medium (P) conveyed by a conveying unit (210); a
scanner (231, 232) installed in such a manner that a
main-scanning direction of the scanner (231, 232) is
aligned with a direction in which the nozzles of the liquid
discharging head (220) are arranged; a chart generating
unit (101) configured to generate a defective nozzle de-
tection chart (C) in which lines (L) in a sub-scanning di-

rection corresponding to the respective nozzles of the
liquid discharging head (220) are arranged; and a posi-
tion detecting unit (102) configured to perform an inter-
polating process on pixel values of a plurality of pixels
around a line position detected from pixel values of
scanned data of the defective nozzle detection chart (C)
scanned by a scanner (231, 232), and detect a position
where a differential of an interpolation function derived
from the interpolating process is zero, as a line position.

FIG.5

MAIN SCANNING DIRECTION

v
(@]

A

SUB-SCANNING DIRECTION

N
PAPER SHEET CONVEYING DIRECTION

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 708 380 A2 2

Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a liquid dis-
charging apparatus.

2. Description of the Related Art

[0002] In a line head liquid discharging apparatus, in
orderto prevent deterioration ofimage quality due tonon-
discharge or discharge deflection, a technique for detect-
ing a defective nozzle has conventionally been known.
[0003] Japanese PatentNo.4684801 disclosesatech-
nique for determining a defective nozzle by converting a
scanned data obtained by a scanner scanning a detec-
tion chart and entire ideal data into high-resolution by
interpolation, binarizing the scanned data and the ideal
data, and comparing the intervals between lines corre-
sponding to a plurality of nozzles in the scanned data
and those in the ideal data obtained by the binarizing.
With this technique disclosed in Japanese Patent No.
4684801, itis possible to detect the discharge deflection,
highly accurately, even with a scanner having a resolu-
tion lower than the printing resolution.

[0004] However, with the technique disclosed in Jap-
anese Patent No. 4684801, because the scanned data
resultant of scanning the detection chart with a scanner
as well as the entire ideal data are converted into high-
resolution data by interpolation, sometimes a large mem-
ory and a long processing time are required in the detec-
tion, disadvantageously.

[0005] Furthermore, because the defective nozzle is
determined by comparison with the ideal data, ithas been
impossible to detect the defective nozzle accurately
when there is a disturbance such as magnification in the
scanned data, a skew, and vibration.

[0006] The presentinvention is made in consideration
of the above, and it is an object of the present invention
to detect a defective nozzle highly accurately, with a
shorter processing time and a smaller memory area.

SUMMARY OF THE INVENTION

[0007] A liquid discharging apparatus includes a con-
veying unit, a liquid discharging head, a scanner, a chart
generating unit, and a position detecting unit. The con-
veying unit is configured to convey a recording medium.
The liquid discharging head includes nozzles arranged
linearly and is configured to discharge liquid onto the re-
cording medium conveyed by the conveying unit. The
scanner is installed in such a manner that a main-scan-
ning direction of the scanner is aligned with a direction
in which the nozzles of the liquid discharging head are
arranged. The chart generating unit is configured to gen-
erate a defective nozzle detection chart in which lines in
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a sub-scanning direction corresponding to the respective
nozzles of the liquid discharging head are arranged. The
position detecting unit is configured to perform an inter-
polating process on pixel values of a plurality of pixels
around a line position detected from pixel values of
scanned data of the defective nozzle detection chart
scanned by the scanner, and detect a position where a
differential of an interpolation function derived from the
interpolating process is zero, as a line position.

[0008] According to an aspect of the presentinvention,
by limiting the range of data to which the interpolating
process is applied, defective nozzles can be detected
accurately, with a shorter processing time and a smaller
memory area, advantageously.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1 is a schematic illustrating an overall structure
of an inkjet recording apparatus according to an em-
bodiment;

FIG. 2 is a schematic illustrating an example of how
two scanners are arranged;

FIG. 3 is a block diagram illustrating a configuration
for controlling the inkjet recording apparatus;

FIG. 4 is a functional block diagram illustrating func-
tions related to a defective nozzle detecting process;
FIG. 5 is a schematic illustrating one example of a
defective nozzle detection chart;

FIG. 6 is a schematic for explaining the defective
nozzle detecting process;

FIG. 7 is a schematic for explaining an interpolating
process;

FIGS. 8A and 8B are schematics for explaining a
process for determining lack and deflection;

FIG. 9 is a flowchart illustrating the sequence of the
overall defective nozzle detecting process;

FIG. 10 is a flowchart illustrating the sequence of a
lack and deflection detecting process for one row at
Step S4;

FIG. 11 is a flowchart illustrating the sequence of a
line coordinate detecting process at Step S12;

FIG. 12 is a flowchart illustrating the sequence of a
median/mean value calculating process at Step S13;
FIG. 13 is a flowchart illustrating the sequence of the
lack and deflection detecting process at Step S15;
and

FIG. 14 is aschematicillustrating an overall structure
of another inkjet recording apparatus according to
the embodiment.

[0010] The accompanying drawings are intended to
depict exemplary embodiments of the present invention
and should not be interpreted to limit the scope thereof.
Identical or similar reference numerals designate identi-
cal or similar components throughout the various draw-
ings.
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DESCRIPTION OF THE EMBODIMENTS

[0011] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present invention.

[0012] As used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0013] Indescribing preferred embodimentsillustrated
in the drawings, specific terminology may be employed
for the sake of clarity. However, the disclosure of this
patent specification is not intended to be limited to the
specific terminology so selected, and it is to be under-
stood that each specific element includes all technical
equivalents that have the same function, operate in a
similar manner, and achieve a similar result.

[0014] An embodiment of the present invention will be
described in detail below with reference to the drawings.
[0015] A liquid discharging apparatus according to an
embodiment will now be explained in detail with reference
to the appended drawings. Explained in the embodiment
is an application of a liquid discharging apparatus to an
inkjet-based inkjet recording apparatus.

[0016] FIG. 1 is a schematic illustrating an overall
structure of an inkjet recording apparatus 1 according to
the embodiment. As illustrated in FIG. 1, the inkjet re-
cording apparatus 1 mainly includes a sheet feeding unit
100, an image forming unit 200, a drying unit 300, and a
paper ejecting unit 400. The inkjet recording apparatus
1 causes the image forming unit 200 to form an image
on paper sheet P that is a recording medium serving as
a sheet member fed from the sheet feeding unit 100,
using ink that is a liquid for forming images. The inkjet
recording apparatus 1 then causes the drying unit 300
to dry the ink attached on the paper sheet P, and causes
the paper ejecting unit 400 to eject the paper sheet P.

[0017] To begin with, the sheet feeding unit 100 will be
explained.
[0018] The sheet feeding unit 100 mainly includes a

sheet feeding tray 110 on which a plurality of paper
sheets P are stacked, a feeder device 120 that separates
one paper sheet P at a time, and sends the sheet out of
the sheet feeding tray 110, and a registration roller pair
130 that sends the paper sheet P into the image forming
unit 200.

[0019] As the feeder device 120, any feeder device
may be used, including a device using rollers or rolling
bodies, or a device using air suctioning.

[0020] Afterthe leading edge of the paper sheet P sent
out of the sheet feeding tray 110 by the feeder device
120 reaches the registration roller pair 130, the sheet
feeding unit 100 drives the registration roller pair 130 at
a predetermined timing. In this manner, the paper sheet
P is fed into the image forming unit 200.

[0021] In this embodiment, the configuration of the
sheet feeding unit 100 is not limited, as long as the struc-
ture sends the paper sheet P into the image forming unit
200.
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[0022] The image forming unit 200 will now be ex-
plained.
[0023] The image forming unit 200 mainly includes a

receiving roll 201, a paper carrying drum 210, an ink dis-
charging unit 220, and a passing roll 202. The receiving
roll 201 receives the fed paper sheet P. The paper car-
rying drum 210 functioning as a conveying unit conveys
the paper sheet P fed by the receiving roll 201, by carrying
the paper sheet P on the outer circumferential surface of
the paper carrying drum 210. The ink discharging unit
220 discharges the ink onto the paper sheet P that is
being carried by the paper carrying drum 210. The pass-
ing roll 202 passes the paper sheet P that is being con-
veyed by the paper carrying drum 210 into the drying unit
300.

[0024] A paper gripper provided on the surface of the
receiving roll 201 grips the leading edge of the paper
sheet P being conveyed from the sheet feeding unit 100
into the image forming unit 200, and the paper sheet P
is conveyed as the surface of the receiving roll 201
moves. The paper sheet P being conveyed by the receiv-
ing roll 201 is passed onto the paper carrying drum 210
at the position where the receiving roll 201 faces the pa-
per carrying drum 210.

[0025] A paper gripper is also provided on the surface
of the paper carrying drum 210, and the leading edge of
the paper sheet P is gripped by the paper gripper. A plu-
rality of suction holes are also provided on the surface
of the paper carrying drum 210 in a distributed manner,
and a suction device 211 generates a suctioning airflow
suctioning into the paper carrying drum 210 in each of
the suction holes.

[0026] The paper sheet P passed from the receiving
roll 201 onto the paper carrying drum 210 is conveyed
as the surface of the paper carrying drum 210 moves,
with the leading edge thereof gripped by the paper grip-
per, and while being attracted to the surface of the paper
carrying drum 210 by the suctioning airflow.

[0027] The ink discharging unit 220 according to the
embodiment is a line head that forms an image by dis-
charging inks in four colors of cyan (C), magenta (M),
yellow (Y), and black (K), and includes individual liquid
discharging heads 220C, 220M, 220Y, 220K for the re-
spective inks.

[0028] As the liquid discharging heads 220C, 220M,
220Y, 220K, any liquid discharging head having any con-
figuration may be used without any limitation, as long as
the liquid is discharged therefrom. It is also possible to
use a liquid discharging head for discharging a special
ink, such as head for discharging an ink in white, gold,
or silver color, or to use a liquid discharging head for
discharging a liquid, such as a surface coating liquid, with
which no image is formed, as required.

[0029] The discharging operations of the liquid dis-
charging heads 220C, 220M, 220Y, 220K included in the
ink discharging unit 220 are controlled by driving signals
corresponding to image information. When the paper
sheet P carried on the paper carrying drum 210 is passed
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through the section where the paper carrying drum 210
faces the ink discharging unit 220, the inks in the respec-
tive colors are discharged from the liquid discharging
heads 220C, 220M, 220Y, 220K, respectively, and an
image corresponding to the image information is formed
thereby.

[0030] In this embodiment, the configuration of the im-
age forming unit 200 is not limited, as long as the image
forming unit forms an image by attaching some liquid
onto the paper sheet P.

[0031] In addition, as illustrated in FIG. 1, the image
forming unit 200 includes two scanners 231, 232 that are
line scanners, on the downstream of the ink discharging
unit 220 in the direction in which the paper sheet P is
conveyed. These two scanners 231, 232 are configured
to scan a defective nozzle detection chart C (see FIG.
5). The resolution of the two scanners 231, 232 is lower
than the printing resolution of the image forming unit 200.
[0032] The image forming unit 200 causes the ink dis-
charging unit 220 to print the defective nozzle detection
chart C while the paper sheet P is being conveyed with
the leading edge thereof being gripped by the paper grip-
per provided on the surface of the paper carrying drum
210, and while being attracted by being suctioned, and,
immediately after the defective nozzle detection chart C
is printed, the two scanners 231, 232 are caused to scan
the defective nozzle detection chart C.

[0033] FIG. 2is a schematicillustrating an example of
how these two scanners 231, 232 are arranged. As illus-
trated in FIG. 2, two of the scanner (front) 231 and the
scanner (rear) 232 are positioned in a staggered arrange-
ment so that the entire page of the paper sheet P is
scanned thereby. More specifically, the two scanners
231, 232 have a section (overlapping section) in which
the sections scanned thereby overlap each other in the
main-scanning direction. These two scanners 231, 232
are also positioned offset from each other in the sub-
scanning direction.

[0034] In this embodiment, the two scanners 231, 232
are provided, but the number of scanners is not limited
thereto, and may be one or three or more, as long as the
scanned area in the main-scanning direction can be cov-
ered.

[0035] The drying unit 300 will now be explained.
[0036] The drying unit 300 mainly includes a drying
mechanism 301 for drying the ink attached to the paper
sheet P by the image forming unit 200, and a conveying
mechanism 302 for conveying the paper sheet P being
conveyed from the image forming unit 200.

[0037] The drying unit 300 causes the conveying
mechanism 302 to receive the paper sheet P conveyed
by the image forming unit 200, then to convey the paper
sheet P through the drying mechanism 301, and to pass
the paper sheet P to the paper ejecting unit 400. The
drying unit 300 then applies a drying process to the ink
on the paper sheet P as the paper sheet P is passed
through the drying mechanism 301. As a result, the liquid
component such as water in the ink evaporates, so that
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the ink adheres to the paper sheet P, and the curl of the
paper sheet P is suppressed.

[0038] The paper ejecting unit 400 will now be ex-
plained.
[0039] The paper ejecting unit 400 mainly includes a

paper ejection tray 410 on which a plurality of paper
sheets P are stacked. The paper ejecting unit 400 stores
the paper sheet P received from the drying unit 300, by
sequentially stacking one sheet after another on the pa-
per ejection tray 410.

[0040] In this embodiment, the configuration of the pa-
per ejecting unit 400 is not limited, as long as the paper
sheet P is ejected thereby.

[0041] Other functional units will now be explained.
[0042] The inkjet recording apparatus 1 according to
the embodiment includes the sheet feeding unit 100, the
image forming unit 200, the drying unit 300, and the paper
ejecting unit 400, but any other functional units may be
added as appropriate. For example, a pre-processing
unit performing a pre-process before executing an image
formation may be added between the sheet feeding unit
100 and the image forming unit 200, or a post-processing
unit performing a post-process after the image formation
may be added between the drying unit 300 and the paper
ejecting unit 400.

[0043] Examples of the pre-processing unit include a
pre-processing unit for performing a treatment liquid ap-
plying process in which a treatment liquid reacting with
the ink and suppressing bleeding of the ink is applied to
the paper sheet P, but the pre-process is not limited to a
particular process. Furthermore, examples of the post-
processing unit include a post-processing unit perform-
ing a paper reversing and conveying process for revers-
ing the paper sheet P having an image formed by the
image forming unit 200, and conveying the reversed pa-
per sheet P to the image forming unit 200 again so that
images are formed on both sides of the paper sheet P,
a post-processing unit performing a process for binding
a plurality of paper sheets P having images formed ther-
eon, a straightening mechanism for straitening a de-
formed paper sheet P, and a cooling mechanism for cool-
ing the paper sheet P, but the post-process is not limited
to a particular process.

[0044] A configuration for controlling the inkjet record-
ing apparatus 1 will now be explained.

[0045] FIG. 3 is a block diagram illustrating a configu-
ration for controlling the inkjet recording apparatus 1. As
illustrated in FIG. 3, the inkjet recording apparatus 1 in-
cludes a control unit 10 that governs the control of the
entire apparatus. The control unit 10 includes a central
processing unit (CPU) 11 that performs the control, a
read-only memory (ROM) 12, a random access memory
(RAM) 13, a memory 14, and an application-specific in-
tegrated circuit (ASIC) 15. The ROM 12 stores therein a
computer programs executed by the CPU 11 and other
fixed data. The RAM 13 temporarily stores therein image
data, for example. The memory 14 is a rewritable non-
volatile memory for storing data even after the power of
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the inkjet recording apparatus 1 is shut down. The ASIC
15 performs image processing such as various types of
signal processing to the image data and rearrangement
of the image data, and other input/output signal process-
ing for controlling the entire apparatus.

[0046] As illustrated in FIG. 3, the control unit 10 also
includes a host interface (I/F) 16, a head driving control
unit 17, a motor control unit 18, an 1/0 19, and a scanner
control unit 8.

[0047] The host I/F 16 transmits and receives image
data (print data) and control signals to and from a host,
over a cable or a network. Examples of the host connect-
ed to the inkjet recording apparatus 1 include an infor-
mation processing system such as a personal computer,
an image scanning device such as image scanner, and
an image capturing device such as a digital camera.
[0048] The I/O 19 connects various types of sensors
25 such as a humidity sensor, a temperature sensor, and
other sensors. The I/O 19 receives inputs of detection
signals from the various sensors 25.

[0049] The head driving control unit 17 is for controlling
driving of the ink discharging unit 220, and includes
means for transferring data. More specifically, the head
driving control unit 17 transfers image data as serial data.
The head driving control unit 17 also generates a transfer
clock and a latch signal that are required in transferring
image data and confirming the transfer, and a driving
waveform used when the ink droplets are to be dis-
charged from the ink discharging unit 220. The head driv-
ing control unit 17 theninputs the generated driving wave-
form and the like to a driving circuit provided internal of
the ink discharging unit 220.

[0050] The motor control unit 18 is for driving a motor
M that causes the receiving roll 201, the paper carrying
drum 210, the passing roll 202, and the like to rotate.
[0051] The scanner control unit 8 controls the two
scanners 231, 232.

[0052] The control unit 10 also connects an operation
panel 60 for inputting and displaying information required
in the inkjet recording apparatus 1.

[0053] The controlunit 10 controls these units compre-
hensively by causing the CPU 11 to deploy a computer
program read from the ROM 12 (or the memory 14) onto
the RAM 13, and to execute the computer program. More
specifically, based on a printing mode set via the opera-
tion panel 60, the CPU 11 reads control content set ac-
cording to the printing mode, the control setting being set
for each of such printing modes, from the ROM 12 (or
the memory 14). The CPU 11 then executes control ex-
plained below, by controlling the functional units based
on the control settings read from the ROM 12 (or the
memory 14).

[0054] A computer program executed on the inkjet re-
cording apparatus 1 according to the embodiment may
be provided in a manner recorded in a computer-reada-
ble recording medium such as a compact-disc read-only
memory (CD-ROM), a flexible disk (FD), a compact-disc
recordable (CD-R), and a digital versatile disc (DVD), as
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a file in an installable or executable format.

[0055] Furthermore, the computer program executed
on the inkjet recording apparatus 1 according to the em-
bodiment may be stored in a computer connected to a
network such as the Internet, and made available for
download over the network. Furthermore, the computer
program executed on the inkjet recording apparatus 1
according to the embodiment may be provided or distrib-
uted over a network such as the Internet.

[0056] Furthermore, the computer program executed
on the inkjet recording apparatus 1 according to the em-
bodiment may be provided in a manner incorporated in
a ROM or the like, in advance.

[0057] Functions related to a defective nozzle detect-
ing process performed by the control unit 10 in the inkjet
recording apparatus 1 will now be explained.

[0058] FIG. 4 is a functional block diagram illustrating
functions related to a defective nozzle detecting process.
As illustrated in FIG. 4, the control unit 10 functions as a
chart generating unit 101 and a defective nozzle detect-
ing unit 102.

[0059] The chart generating unit 101 generates a de-
fective nozzle detection chart C (see FIG. 5) in which
lines extending in the sub-scanning direction are ar-
ranged stepwise, each line of which corresponds to a
nozzlein the liquid discharging heads 220C, 220M, 220Y,
220K.

[0060] FIG. 5 is a schematic illustrating one example
of the defective nozzle detection chart C. As illustrated
in FIG. 5, in the defective nozzle detection chart C, the
nozzle check lines L for detecting a defective nozzle and
each corresponding to a nozzle of the liquid discharging
heads 220C, 220M, 220Y, 220K are arranged stepwise.
The number of rows of the nozzle check lines L, and the
length of the nozzle check lines L are variable.

[0061] Asillustratedin FIG. 5, the defective nozzle de-
tection chart C also includes a start mark M1 for identi-
fying the position where the defective nozzle detection
is to be started, and an end mark M2 for identifying the
position where the defective nozzle detection is to be
ended.

[0062] As illustrated in FIG. 5, in the defective nozzle
detection chart C, the longer sides of the lines, each of
which corresponds to a nozzle, are plotted in the sub-
scanning (paper conveyance) direction, and the data is
averaged in the sub-scanning direction, or the scanning
sampling cycle is extended while using a scanning res-
olution in the sub-scanning direction lower than a scan-
ning resolution in the main-scanning direction. In this
manner, even when there is some vibration or skew, the
positions of the lines can be detected accurately, and,
by determining a defective nozzle based on the differ-
ence in adjacent line pitches, it is possible to detect de-
flection at a nozzle even when there is an error in the
scanning magnification.

[0063] More specifically, the length of the lines in the
defective nozzle detection chart C is set to a length equal
to or more than a length corresponding to two periods of
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longer one of periods corresponding to frequencies of
relative vibrations of the liquid discharging heads 220C,
220M, 220Y, 220K, and of the two scanners 231, 232,
with respect to the paper carrying drum 210 that functions
as a conveying unit. In this manner, the effect of the rel-
ative vibration between the paper sheet P and the scan-
ners 231, 232 can be reduced, advantageously.

[0064] Referring back to FIG. 4, the defective nozzle
detecting unit 102 functions as a position detecting unit
that performs an interpolating process to the pixel values
of a plurality of pixels near the position of a line detected
from the pixel values in the scanned data of the defective
nozzle detection chart C, the scanned data being
scanned by the two scanners 231, 232, and that detects
a position where the differential of an interpolation func-
tion derived from the interpolating process is zero as the
line position, and also determines a defective nozzle
based on the difference in adjacent line pitches.

[0065] FIG. 6 is a schematic for explaining the defec-
tive nozzle detecting process. As illustrated in FIG. 6, to
begin with, the defective nozzle detecting unit 102 deter-
mines a defective nozzle detection range X by detecting
the start mark M1 for starting the defective nozzle detec-
tion, and the end mark M2 for identifying the position
where the defective nozzle detection is to be ended, in
the main scanning position, from the image. In the proc-
ess of detecting the nozzle check lines L, the defective
nozzle detecting unit 102 uses a mean value of Nm pixels
(pixels in the length equal to or more than the length
corresponding to the two or more periods of the longer
one of the periods corresponding to the frequencies of
the relative vibrations of the liquid discharging heads
220C, 220M, 220Y, 220K and of the scanners 231, 232,
with respect to the paper carrying drum 210) in the sub-
scanning direction. In this manner, the effect of the rela-
tive vibration between the paper sheet P and the scan-
ners 231, 232 can be reduced, advantageously.

[0066] Asillustratedin FIG. 6, the defective nozzle de-
tecting unit 102 performs a process of detecting coordi-
nates of the nozzle check lines L, from the starting posi-
tion (the start mark M1) in the first row of the nozzle check
lines L to the position of the end mark M2, or to the end
of the image, along a detecting direction.

[0067] The defective nozzle detecting unit 102 com-
pares the pixel value of each pixel with a nozzle detection
threshold T, and, if the pixel value is greater than the
nozzle detection threshold T, determines that there is a
nozzle check line L at the pixel.

[0068] The defective nozzle detecting unit 102 then
performs an interpolating process. FIG. 7 is a schematic
for explaining the interpolating process.

[0069] Asillustratedin FIG. 7, the defective nozzle de-
tecting unit 102 performs third-order spline interpolation
to the pixel values of S pixels before and after the coor-
dinate determined to be a nozzle check line L, being be-
fore and after in the main-scanning direction, and obtains
a spline function. In this manner, detection can be per-
formed accurately even with a low-resolution scanner.
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[0070] The defective nozzle detecting unit 102 obtains
the X coordinate where the differential of the spline func-
tion is zero, and converts the value into units of millime-
ters based on the main scanning resolution of the X co-
ordinate, and stores the resultant value as a nozzle po-
sition.

[0071] After calculating the coordinate of each of the
nozzle check lines L included in one row, the defective
nozzle detecting unit 102 calculates differences regard-
ing pitches between adjacent lines, and calculates a me-
dian regarding differences of pitches for one row of the
nozzle check lines L. The defective nozzle detecting unit
102 uses the calculated median in determining lack
(which means that a line is not formed because, for ex-
ample, the liquid discharging head fails to discharge lig-
uid from a corresponding nozzle) and deflection (which
means that a position of a line is shifted because, for
example, the liquid discharging head discharges liquid
from a corresponding nozzle obliquely) at nozzles. In this
manner, even when there is a variance in the scanning
magnification, detection can be performed accurately,
advantageously.

[0072] The median does not need to be a median cal-
culated for all the lines included in one row of the nozzle
check lines L, and may be a median corresponding to
several lines around a line of interest. In this manner,
even when there is a deviation (aberration) in the scan-
ning magnification, the detection can be performed ac-
curately, advantageously.

[0073] The defective nozzle detecting unit 102 then de-
termines lack and deflection. FIGS. 8A and 8B are sche-
matics for explaining a process for determining lack and
deflection. FIG. 8A illustrates a process for determining
lack, and FIG. 8B illustrates a process for determining
deflection.

[0074] As illustrated in FIG. 8A, the defective nozzle
detecting unit 102 determines that lack exists in some
nozzlesimmediately before anozzle checkline L at which
an absolute value of the pitch difference with respect to
differences of pitches between adjacent lines and the
median regarding the differences of the pitches for one
row of the nozzle check lines L, is equal to or more than
a half of the median. In other words, denoting pitches
between adjacentlinesas D, D, 41, D42 ..., the defective
nozzle detecting unit 102 determines that lack exists in
a nozzle when the following condition is satisfied.

‘ Di-Drss ‘ > median/2

[0075] In addition, as illustrated in FIG. 8B, the defec-
tive nozzle detecting unit 102 obtains a mean value re-
garding differences of pitches of all the adjacent lines,
excluding a nozzle determined that lack exists immedi-
ately before the nozzle.

[0076] The defective nozzle detecting unit 102 then ob-
tains the number of nozzles at which lack exists, by
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rounding, to the nearest integer, the value obtained by
dividing the distance between the nozzle check lines L
by the mean value, and stores the defective nozzle num-
bers.

[0077] If the absolute value of a difference between a
difference between adjacent nozzles and the mean value
is equal to or more than a threshold Tm for determining
deflection, the defective nozzle detecting unit 102 deter-
mines that deflection occurs at the nozzle, and stores the
nozzle number as a defective nozzle number. In other
words, itis determined thatdeflection occurs atthe nozzle
when the following condition is satisfied.

\Dn—Mean\ >Tm

[0078] The sequence of the defective nozzle detecting
process will now be explained.

[0079] FIG. 9 is a flowchart illustrating the sequence
of the overall defective nozzle detecting process. As il-
lustrated in FIG. 9, the defective nozzle detecting unit
102 repeats this defective nozzle detecting process for
several rows of the nozzle check lines L, sequentially
from the first row in the defective nozzle detection chart
C, and detects the defective nozzles in every row. Details
will be described later.

[0080] To begin with, the defective nozzle detecting
unit 102 detects the position of the start mark M1 in the
defective nozzle detection chart C to identify the position
where the defective nozzle detectionis to be started (Step
S1).

[0081] Thedefective nozzle detecting unit 102 then de-
tects the position of the end mark M2 in the defective
nozzle detection chart C to identify the position where
the defective nozzle detection is to be ended (Step S2).
[0082] The defective nozzle detecting unit 102 then de-
tects a start nozzle position in each row of the nozzle
check lines L within the range between the start mark M1
and the end mark M2 (Step S3).

[0083] The defective nozzle detecting unit 102 then
performs a process of detecting lack and deflection for
several rows of the nozzle check lines L (Step S4).
[0084] FIG. 10is a flowchart illustrating the sequence
of the lack and deflection detecting process correspond-
ing to one row, performed at Step S4. As illustrated in
FIG. 10, the defective nozzle detecting unit 102 uses a
mean value of Nm pixels in the sub-scanning direction,
over the entire width of the row of the nozzle check lines
L (Step S11).

[0085] The defective nozzle detecting unit 102 then
performs the process of detecting the coordinate of each
of the nozzle check lines L along the detecting direction,
from the starting position (start mark M1) to the position
of the end mark M2 or the end of the image end, for every
row of the nozzle check lines L (Step S12).

[0086] FIG. 11 is a flowchart illustrating the sequence
of a line coordinate detecting process at Step S12. As
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illustrated in FIG. 11, to begin with, the defective nozzle
detecting unit 102 acquires a next pixel (Step S21), and
determines whether the acquired pixel is at the position
of the end mark M2 or the end of the image (Step S22).
[0087] If the acquired pixel is determined to be at the
position of the end mark M2 or the end of the image (Yes
at Step S22), the defective nozzle detecting unit 102 ends
the process.

[0088] If the acquired pixel is not at the position of the
end mark M2 or the end of the image (No at Step S22),
the defective nozzle detecting unit 102 determines that
the pixel value of the acquired pixel is equal to or more
than the nozzle detection threshold T (Step S23).
[0089] If the acquired pixel value is determined not to
be equal to or more than the nozzle detection threshold
T (No at Step S23), the defective nozzle detecting unit
102 sets a line-detecting flag to OFF (Step S24), and
ends the process.

[0090] If it is determined that the acquired pixel value
is equal to or more than the nozzle detection threshold
T (Yes at Step S23), the defective nozzle detecting unit
102 determines that it is the position corresponding to a
nozzle check line L, and determines whether the line-
detecting flag is ON (Step S25).

[0091] Ifit is determined that the line-detecting flag is
ON (Yes at Step S25), the defective nozzle detecting unit
102 ends the process.

[0092] Ifitis determined that the line-detecting flag is
not ON (No at Step S25), the defective nozzle detecting
unit 102 sets the line-detecting flag to ON (Step S26),
and performs third-order spline interpolation to the pixel
value in the S pixels before and after the coordinate de-
termined to be the nozzle check line L in the main-scan-
ning direction, and obtains a spline function (Step S27).
[0093] The defective nozzle detecting unit 102 then
calculates an X coordinate where the differential of the
spline function (Step S28) is zero (Step S29), and con-
verts the X coordinate into a value in units of millimeter,
based on the main scanning resolution in the X coordi-
nate, stores the resultant value as a nozzle position (Step
S30), and ends the process.

[0094] By repeating the process at Step S12 described
above, the defective nozzle detecting unit 102 calculates
the nozzle coordinates for each of the lines belonging to
one row of the nozzle check lines L, from the start mark
M1 to the position of the end mark M2 or the end of the
image.

[0095] Referring back to FIG. 10, when the line coor-
dinate detecting process is ended, the defective nozzle
detecting unit 102 advances the process to Step S13,
and performs a median/mean value calculating process.
[0096] FIG. 12 is a flowchart illustrating the sequence
of the median/mean value calculating process at Step
S13. Asillustrated in FIG. 12, to begin with, the defective
nozzle detecting unit 102 calculates differences regard-
ing pitches between adjacent lines (Step S41), calculates
a mean value regarding the differences of the pitches for
one row of the nozzle check lines L (Step S42), and cal-
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culates a median regarding the differences of the pitches
for the one row of the nozzle check lines L (Step S43).
[0097] If the absolute value of the pitch difference with
respect to differences of pitches between adjacent lines
and the median regarding the differences of the pitches
for one row of the nozzle check lines L, is equal to or
more than a half of the median (Yes at Step S44), the
defective nozzle detecting unit 102 determines that lack
exists in some nozzles immediately before the nozzle
check line L, and stores the coordinate as the coordinate
where lack exists (Step S45). The defective nozzle de-
tecting unit 102 repeats the process at Step S44 and
Step S45 by the number of times equal to the number of
lines.

[0098] The defective nozzle detecting unit 102 obtains
a mean value regarding the differences of the pitches of
all adjacent lines, excluding the nozzle stored as the co-
ordinate where lack exists (Step S46), and obtains the
median regarding differences of pitches between all ad-
jacent lines (Step S47).

[0099] The defective nozzle detecting unit 102 ends
the median/mean value calculating process at Step S13,
and ends the process.

[0100] Referring back to FIG. 10, when the medi-
an/mean value calculating process is ended, the defec-
tive nozzle detecting unit 102 advances the process to
Step S14, and sets:

starting nozzle number in each row = nozzle number at
start mark + number of rows - 1.

[0101] The defective nozzle detecting unit 102 then
performs a lack and deflection detecting process (Step
S15).

[0102] FIG. 13 is a flowchart illustrating the sequence

of the lack and deflection detecting process at Step S15.
As illustrated in FIG. 13, to begin with, if there is any
nozzle the coordinate of which is stored as the coordinate
where lack exists (Yes at Step S51), the defective nozzle
detecting unit 102 obtains the number of nozzles at which
lack exists, by rounding, to the nearest integer, the value
obtained by dividing the distance between the nozzle
check lines L by the mean value (Step S52). If there is
no nozzle the coordinate of which is stored as the coor-
dinate where lack exists (No at Step S51), the defective
nozzle detecting unit 102 advances the process to Step
S56.

[0103] The defective nozzle detecting unit 102 then
stores the defective nozzle number (Step S53), and in-
crements the nozzle number (Step S54). The defective
nozzle detecting unit 102 repeats Step S53 and Step S54
by the number of times equal to the number of nozzles
at which lack exists.

[0104] The defective nozzle detecting unit 102 then
subtract (the number of nozzles at which lack exists X
mean value) from the distance between the nozzle check
lines L (Step S55).

[0105] If the absolute value of the difference between
the adjacent nozzle difference and the mean value is
equal to or more than the threshold Tm (Yes at Step S56),
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the defective nozzle detecting unit 102 determines that
deflection occurs at the nozzle, stores the nozzle number
as adefective nozzle number (Step S57), and increments
the nozzle number (Step S58).

[0106] By repeating the process at Step S15 by the
number of times equal to the number of lines, the defec-
tive nozzle detecting unit 102 detects lack and deflection
at nozzles.

[0107] Through the process described above, the
process for detecting lack and deflection for all the rows
of the nozzle check line L, performed at Step S4 illustrat-
ed in FIG. 9, is ended.

[0108] The defective nozzle detecting unit 102 per-
forms the process of detecting lack and deflection at Step
S4 for the number of rows, and ends the process.
[0109] In the manner described above, according to
the embodiment, an interpolating process is performed
to the pixel values in a plurality of pixels around the po-
sition of a line detected from the pixel values in the
scanned data of the defective nozzle detection chart C
scanned by the two scanners 231, 232 having a resolu-
tion lower than the printing resolution, and a defective
nozzle is determined based on the difference in pitch
from the adjacent line, by determining the position where
the differential of the interpolation function derived from
the interpolating process is zero, as the position of the
line, instead of using the position of the line acquired by
binarization. Because the interpolating process is per-
formed to the pixel values in several pixels around the
line position, detected from the pixel values of the
scanned data of the defective nozzle detection chart C,
scanned by the two scanners 231, 232 having a resolu-
tion lower than the printing resolution, defective nozzles
can be detected accurately, with a shorter processing
time and a smaller memory area.

[0110] Furthermore, the defective nozzle detection
chart C includes the lines each of which corresponds to
a nozzle, and that are long in the sub-scanning (paper
conveying) direction, a mean value of the data is calcu-
lated in the sub-scanning direction, or the scanning sam-
pling cycle is extended in the sub-scanning direction. In
this manner, even when there is some vibration or skew,
the positions of the lines can be detected accurately, and,
by determining a defective nozzle based on the differ-
ence in pitch from the adjacentline, itis possible to detect
deflection ata nozzle even when there is a scanning mag-
nification error.

[0111] Explained in the embodiment is an example in
which the liquid discharging apparatus is applied as the
inkjet recording apparatus 1, but the "liquid discharging
apparatus” is not limited to an apparatus provided with
a liquid discharging head that discharges liquid toward
the surface to be dried in a recording medium to visualize
some meaningful image such as characters and shapes
with the discharged liquid, but also include an apparatus
that forms a pattern or the like that itself has no meaning,
for example.

[0112] Furthermore, the material of the recording me-
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dium is not limited, and may be any material to which
liquid can be attached, at least temporarily, such as pa-
per, string, fiber, cloth, leather, metal, plastic, glass,
wood, and ceramics, and may be a material used for a
film product, a cloth product for clothing or the like, a
building material such as wall paper or a floor material,
or a leather product.

[0113] Furthermore, the "liquid discharging apparatus"
may also include any means for feeding, conveying, and
ejecting a material to which liquid can be attached, and
any other pre-processing device and post-processing de-
vice, for example.

[0114] The "liquid" is not limited to a particular liquid,
as long as the liquid has viscosity or surface tension al-
lowing the liquid to be discharged from the head, but it
is preferable to use liquid the viscosity of which is brought
to a level equal to or lower than 30 mPa@®s when being
heated or cooled, at an ordinary temperature and under
an ordinary pressure. More specifically, the liquid is a
solution, a suspension liquid, or an emulsion containing
a solvent such as water or organic solvent, a colorant
such as dye or pigment, a functionality imparting material
such as a polymerizable compound, resin, and sur-
factant, a biocompatible material such as DNA, amino
acid, protein, and calcium, an edible material such as a
natural dye, and these types of liquid can be used as an
ink for inkjet printing or as a surface treatment liquid, for
example.

[0115] Furthermore, the "liquid discharging apparatus"
includes an apparatus in which a liquid discharging head
and a recording medium move relatively with respect to
each other, but is not limited thereto. Specific examples
include a serial type liquid discharging apparatus that
moves the liquid discharging head, and a line type head
liquid discharging apparatus that does not move the liquid
discharging head.

[0116] Furthermore, the "liquid discharging head" is a
function component that discharges/sprays liquid from a
discharge hole (nozzle). As an energy generation source
for discharging the liquid, it is possible to use a discharge
energy generating means such as a piezoelectric actu-
ator (a layered piezoelectric element and a thin film pie-
zoelectric element), a thermal actuator that uses a ther-
moelectric transducer such as a heat element, oran elec-
trostatic actuator including a vibrating plate and facing
electrodes, but the discharge energy generating means
to be used is not limited to any particular means.
[0117] Explained in this embodiment is an example in
which the liquid discharging apparatus is applied as the
inkjet recording apparatus 1, but without limitation there-
to, the liquid discharging apparatus may be applied to a
printer for a continuous slip.

[0118] FIG. 14 is a schematic illustrating an overall
structure of another inkjet recording apparatus 1a. As
illustrated in FIG. 14, the inkjet recording apparatus 1a
includes a sheet feeding unit 100a having a roll of record-
ing medium Pa thatis a long paper sheet, an image form-
ing unit 200a, a drying unit 300a for drying the recording
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medium Pa, and a paper ejecting unit 400a around which
the recording medium Pa having an image formed is
wound. Subsequently to the image forming unit 200a, a
scanner 500 for scanning the recording medium Pa after
the image forming process is disposed.

[0119] The recording medium Pa is continuous paper
wound in a roll (roll paper), and the recording medium
Pa is taken out from the sheet feeding unit 100a by the
conveyance roller, and conveyed above a platen 600 of
the image forming unit 200a, and wound by the paper
ejecting unit 400a.

[0120] Itis also possible for the inkjet recording appa-
ratus 1a to include a pre-processing unit that applies a
pre-treatment liquid to the recording medium Pa, and a
pre-process drying unit for drying the recording medium
Pa applied with the pre-treatment liquid.

[0121] When such long recording medium Pa is to be
conveyed, the tension across the paper may vary in the
direction perpendicularly intersecting with the convey-
ance direction (the main-scanning direction), and the pa-
per may become offset toward one side due to degree
of parallelization of the conveyance rollers, for example.
This may cause the recording medium to meander. Con-
trol for correcting such paper meandering of paper is
achieved by disposing a sensor for detecting a paper
edge along a conveying path, detecting the amount by
which the paper becomes offset toward one side, and
tilting the conveyance roller in accordance with the de-
tected amount. This correction may cause the paper to
meander. This meandering is detected as a low-frequen-
cy vibration (of several hertz).

[0122] The above-described embodiments areillustra-
tive and do not limit the present invention. Thus, numer-
ous additional modifications and variations are possible
in light of the above teachings. For example, atleast one
element of different illustrative and exemplary embodi-
ments herein may be combined with each other or sub-
stituted for each other within the scope of this disclosure
and appended claims. Further, features of components
of the embodiments, such as the number, the position,
and the shape are not limited the embodiments and thus
may be preferably set. It is therefore to be understood
that within the scope of the appended claims, the disclo-
sure of the present invention may be practiced otherwise
than as specifically described herein.

[0123] Themethod steps, processes, oroperations de-
scribed herein are not to be construed as necessarily
requiring their performance in the particular order dis-
cussed or illustrated, unless specifically identified as an
order of performance or clearly identified through the con-
text. Itis also to be understood that additional or alterna-
tive steps may be employed.

[0124] Further, any of the above-described apparatus,
devices or units can be implemented as a hardware ap-
paratus, such as a special-purpose circuit or device, or
as a hardware/software combination, such as a proces-
sor executing a software program.

[0125] Further, as described above, any one of the
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above-described and other methods of the present in-
vention may be embodied in the form of a computer pro-
gram stored in any kind of storage medium. Examples
of storage mediums include, but are notlimited to, flexible
disk, hard disk, optical discs, magneto-optical discs,
magnetic tapes, nonvolatile memory, semiconductor
memory, read-only-memory (ROM), etc.

[0126] Alternatively, any one of the above-described
and other methods of the present invention may be im-
plemented by an application specific integrated circuit
(ASIC), a digital signal processor (DSP) or a field pro-
grammable gate array (FPGA), prepared by intercon-
necting an appropriate network of conventional compo-
nent circuits or by a combination thereof with one or more
conventional general purpose microprocessors or signal
processors programmed accordingly.

[0127] Each of the functions of the described embod-
iments may be implemented by one or more processing
circuits or circuitry. Processing circuitry includes a pro-
grammed processor, as a processor includes circuitry. A
processing circuit also includes devices such as an ap-
plication specific integrated circuit (ASIC), digital signal
processor (DSP), field programmable gate array (FPGA)
and conventional circuit components arranged to per-
form the recited functions.

Claims
1. Aliquid discharging apparatus comprising:

a conveying unit configured to convey a record-
ing medium;

a liquid discharging head including nozzles ar-
ranged linearly and configured to discharge lig-
uid onto the recording medium conveyed by the
conveying unit;

ascannerinstalled in such amanner thata main-
scanning direction of the scanner is aligned with
adirection in which the nozzles of the liquid dis-
charging head are arranged;

a chart generating unit configured to generate a
defective nozzle detection chart in which lines
in a sub-scanning direction corresponding to the
respective nozzles of the liquid discharging
head are arranged; and

a position detecting unit configured to perform
an interpolating process on pixel values of a plu-
rality of pixels around a line position detected
from pixel values of scanned data of the defec-
tive nozzle detection chart scanned by the scan-
ner, and detect a position where a differential of
an interpolation function derived from the inter-
polating process is zero, as a line position.

2. Theliquid discharging apparatus according to claim
1, wherein the chart generating unit is configured to
arrange the lines stepwise in the sub-scanning di-
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10

rection.

The liquid discharging apparatus according to claim
1 or 2, wherein a length of the lines in the defective
nozzle detection chart is set to a length equal to or
more than two periods each corresponding to longer
one of periods corresponding to frequencies of rel-
ative vibrations of the liquid discharging head and
the scanner with respect to the conveying unit.

The liquid discharging apparatus according to claim
3, wherein the position detecting unit uses a mean
value of pixels corresponding to the length equal to
or more than the two periods, in the sub-scanning
direction, in a process of detecting the lines in the
defective nozzle detection chart.

The liquid discharging apparatus according to any
one preceding claim, wherein a sampling cycle of
the scanner in the sub-scanning direction has a
length such that a scanning resolution in the sub-
scanning direction is lower than a scanning resolu-
tion in the main-scanning direction.

The liquid discharging apparatus according to any
one preceding claim, wherein the position detecting
unit is configured to perform spline interpolation as
the interpolating process.

The liquid discharging apparatus according to any
one of claims 1 to 6, wherein the position detecting
unit is configured to determine that there is a defec-
tive nozzle, in a case where a difference between a
mean value or a median of pitches between lines in
one row, calculated based on the pitches, and a pitch
between a line of interest and a line adjacent to the
line of interest is equal to or more than a predeter-
mined value.

The liquid discharging apparatus according to any
one of claims 1 to 6, wherein the position detecting
unit determines that there is a defective nozzle, in a
case where a difference between a mean value or a
median of pitches between several lines around a
line of interest, calculated based on the pitches, and
apitch between theline ofinterestand a line adjacent
to the line of interest is equal to or more than a pre-
determined value.
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