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(57) ABSTRACT

A printhead of an ink jet printer includes plural ejection
nozzles for ejecting k. In an ink ejection mspecting method
for the printhead, the ejection nozzles are photographed 1n
the printhead, to output image data. The image data 1s ana-
lyzed by the pattern recognition, to output analysis result
information. According to this, 1t 1s judged whether an eject-
ing state of the ejection nozzles 1s acceptable or unaccept-

able.

30 Claims, 7 Drawing Sheets
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FIG. 5
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FIG. 6
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LIQUID EJECTION INSPECTING METHOD,
LIQUID EJECTION INSPECTOR, AND
IMAGE FORMING APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid ejection mspect-
ing method, liquid ejection inspector and image forming
apparatus. More particularly, the present invention relates to
a liquid ejection inspecting method and liquid ejection
ispector in which inspection of liqud ejection to check
failure can be eifected elliciently without waste of
consumables, and an 1mage forming apparatus for use with
the liquad.

2. Description Related to the Prior Art

An 1k jet printer 1s known as an 1mage forming appara-
tus. A printhead includes an ink reservoir for storing ink.
Ejection nozzles are connected with the ink reservoir, and
caused by an 1k supply unit to eject the ik to print an image
on a recording medium. The 1nk jet printer of the type known
so far has problems 1n that 1nk 1s dried and deposited on the
inside of the ejection nozzles, or that the surplus ink may be
scattered by the recording medium, and come back to and
deposit on a surface of the printhead, to cause jamming of
nk.

When jamming of ink occurs, there 1s ejection failure in
which an amount of ejected 1nk decreases, or comes down to
zero. Unevenness 1n the density or colors occurs in a streak
shape 1n a recorded image, to lower the image quality
remarkably. Therefore, it 1s necessary in an ink jet printer to
detect the ejection failure at the ejection nozzles, and to
climinate the ¢jection failure in the case of occurrence.

To check the ejection failure, various methods are known.
JP-A 8-332736 and 11-078051 disclose test printing to eject
test 1nk to the recording medium and inspection of the shape
and arrangement of droplets of the k. JP-A 11-192726,
EP-A 1039172 (corresponding to JP-A 2001-054954), and
JP-A 2001-063083 disclose methods 1 which droplets of
test 1nk are e¢jected, a beam of laser or other electromagnetic
rays 1s applied to the droplets, to detect a shielded state of the
beam at the droplets.

However, those known techniques have problems. In the
first of those methods, a test pattern must be recorded
together with a target image without any relation. Also, 1k
for test printing 1s required 1n a wasteful manner. A space 1n
the recording medium for recerving droplets of the nk 1s
required for the test printing. In the second of those methods,
the same problem occurs 1n 1nk for test printing 1s required in
a wastelul manner. Specifically, density in 1mage recording
has been higher 1n recent techniques for printing. The num-
ber of the ejection nozzles as arranged in the printhead has
been high. This causes a shortcoming in requirement of
much time for the detecting the ejection failure. If the ejec-
tion failure 1s checked 1n the course of the printing, produc-
tivity or efficiency 1n the printing becomes lower.

SUMMARY OF THE INVENTION

In view of the foregoing problems, an object of the present
invention 1s to provide a liquid ejection inspecting method
and liquid ejection mspector 1n which mspection of liquid
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¢jection to check failure can be effected rapidly and effi-
ciently without waste of consumables, and an 1mage forming
apparatus for use with the liquid.

In order to achieve the above and other objects and advan-
tages of this mnvention, a liquid ejection mspecting method 1s
provided for an ejection nozzle array including plural ejec-
tion nozzles for ejecting liquid. In the liquid ejection mspect-
ing method, the ejection nozzles are photographed in the
¢jection nozzle array, to output image data. The image data
1s analyzed to output analysis result information. It 1s judged
whether an ejecting state of the ejection nozzles 1s accept-
able or unacceptable according to the analysis result infor-
mation.

In the analyzing step, predetermined reference 1mage data
1s used, to check the image data by comparison.

Furthermore, it the ejection nozzles are 1n the unaccept-
able state, the ejection nozzles are wiped to eliminate foreign
material.

The photographing, analyzing, and judging steps are
cifected again after the eliminating step. Furthermore, 1f the
unacceptable state 1s judged again in the judging step, an
alarm signal 1s generated.

According to another aspect of the mvention, an 1image
forming apparatus comprises at least one ejection nozzle
array including plural ejection nozzles for ¢jecting liquid. A
pickup device photographs the ejection nozzles in the ejec-
tion nozzle array, to output image data. An analyzer stores
reference 1mage data, and outputs analysis result informa-
tion according to the image data and the reference image
data. A determining unit judges whether an ¢jecting state of
the ejection nozzles 1s acceptable or unacceptable according,
to the analysis result information.

Furthermore, a foreign material elimination unit elimi-
nates foreign material from the ejection nozzles.

The reference 1mage data 1s used 1n a pattern recognition
process, and the analyzer and the determining unit cooperate
to judge one of acceptable and unacceptable states of the
ejection nozzles by evaluating the image data in the pattern
recognition process.

The elimination unit 1s operated at least when the unac-
ceptable state 1s judged according to the analysis result infor-
mation.

According to the analysis result information, the elimina-
tion unit 1s selectively operated for unacceptable ejection
nozzles included in the ejection nozzles and of which the
unacceptable state 1s judged.

The analyzer further calculates a blocked area where the
foreign material blocks the ejection nozzles according to the
image data. Furthermore, a control unit changes a driving
parameter of the elimination unit according to the blocked
area.

The elimination unit 1s a suction unit for sucking the lig-
uid out of the ejection nozzles, and the driving parameter 1s
at least one of a pressure of suction of the suction unit, a
length of time of the suction, and a number of times of the
suction.

The liquid 1s 1k, and the ejection nozzle array constitutes
a printhead of an ink jet type, 1s adapted to 1image recording
to recording material, and extends 1n a first scan direction.
Furthermore, a control unit moves one of the printhead and
the recording matenal relative to a remaining one thereof at a
small adjusting shifted amount 1n the first scan direction, the
adjusting shifted amount being equal to a pitch between an
unacceptable nozzle of which the unacceptable state is
judged and an acceptable nozzle close thereto and of which
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the acceptable state 1s judged among the ejection nozzles,
the control unit causing the acceptable nozzle to eject the ink
instead of the unacceptable nozzle, so as to compensate for
lowering of 1image quality due to the unacceptable state.

Furthermore, a mode selector sets a selected one of an
elimination mode and a nozzle substitution mode, and when
the elimination mode 1s set, operates the elimination unit,
and when the nozzle substitution mode 1s set, causes the
control unit to operate the acceptable nozzle included 1n the
ejection nozzles for substitution.

Furthermore, a carriage moves the printhead relative to
the recording material in a second scan direction. The pickup
device 1s arranged beside a printing surface of the recording
material 1n the second scan direction, and 1s opposed to the
printhead moved by the carriage.

Furthermore, an 1mage history memory stores 1mage his-
tory data constituted by plural sets of 1image data obtained
previously. The analyzer judges whether the 1mage data 1s
within a range of the 1image history data, and 1f the image
data 1s within the range of the image history data, determines
the acceptable state of an ejection nozzle corresponding to
the 1image data, and 11 the image data 1s outside the range of
the image history data, determines an ejection nozzle corre-
sponding to the image data as a failure-expected nozzle, and
processes the 1image data for the failure-expected nozzle, to
output the analysis result information.

The pickup device photographs the failure-expected
nozzle when operated again.

The analyzer determines a difference between the image
data and the reference 1mage data, the difference constituting
the analysis result information. The determining unit stores
information of a predetermined threshold value adapted to
the pattern recognition process, compares the difference
with the threshold value, judges the acceptable state 1f the
difference 1s equal to or less than the threshold value, and
judges the unacceptable state 1f the difference 1s more than

the threshold value.
The pickup device comprises a CCD or CMOS.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more apparent from the following detailed
description when read in connection with the accompanying
drawings, 1n which:

FIG. 1 1s an explanatory view 1llustrating important por-
tions 1n an 1nk jet printer at a printhead;

FIG. 2 1s a plan illustrating arrangement of ejection
nozzles;

FI1G. 3 1s a block diagram schematically 1llustrating an ink
gjection mspector;

FIG. 4A 1s an explanatory view 1n plan, illustrating an
¢jection nozzle 1n a clean state;

FIG. 4B 1s an explanatory view in plan, illustrating an
ejection nozzle with foreign material thereabout;

FIG. 4C 1s an explanatory view 1in plan, illustrating an
¢jection nozzle with foreign material on 1ts edge;

FIG. 4D 1s an explanatory view 1in plan, illustrating an
¢jection nozzle with foreign material having a small width;

FIG. 4F 1s an explanatory view in plan, illustrating an
ejection nozzle with foreign material at the nozzle center;

FIG. 4F 1s an explanatory view 1n plan, illustrating an
ejection nozzle with foreign material covering the whole of
the nozzle;

FIG. 5 1s a block diagram schematically illustrating
another preferred embodiment including a selector;
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FIG. 6 1s a block diagram schematically illustrating one
preferred embodiment including a memory;

FIG. 7 1s an explanatory view 1llustrating a line printer for
ink jet printing according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) OF THE PRESENT
INVENTION

In FIG. 1, an 1nk jet type of printhead 2 as ejection nozzle
array 1s 1illustrated as an element for an ink jet printer or
image forming apparatus. A carriage 4 supports the print-
head 2. There 1s a guide rod 3 which extends 1n a main scan
direction M and 1s inserted through a hole of the carriage 4.
The carriage 4 slides the printhead 2 back and forth in the
main scan direction M of the arrows. A feed roller (not
shown) intermittently feeds the recording material 5 of paper
in a sub scan direction S, for 1mage recording of the print-
head 2 to the recording material 5 according to the ink jet
printing. For the sub scan direction S, see FIG. 2.

The printhead 2 has a nozzle arrangement surface 2a
opposed to the recording material 5. A plurality of ejection
nozzles 7 are arranged in the printhead 2. An ink chamber 6
1s connected to each of the ejection nozzles 7. An ink reser-
volir 8 stores ink. A passageway 1s connected with the 1nk
reservolr 8, and passes the ik to the ink chamber 6. An 1nk
supply unit 9 1s used to supply the ejection nozzles 7 with the
ink from the 1nk reservoir 8, and fires the ejection nozzles 7

to record an 1mage on the recording material by ejection of
the k.

Examples of the recording material 5 include printing
paper, resin film such as an OHP (overhead projector) sheet,
fabric, a surface of a product of metal, and the like. If the
printer 1s a piezoelectric printing type, the ik supply unit 9
1s a piezoelectric element for pressurizing the ejection
nozzles 7. If the printer 1s a bubble jet printing type, the 1k
supply unit 9 i1s a heater for generating bubbles by heating
ink in the ejection nozzles 7.

In FIG. 2, the nozzle arrangement surface 2a of the print-
head 2 includes four arrays of nozzles which are yellow 1nk
ejection nozzles 7a, magenta 1k ejection nozzles 7b, cyan
ink ejection nozzles 7¢ and black ink ejection nozzles 7d.
Each of the nozzle arrays extends 1n the sub scan direction S.
Note that 1t 1s possible to add nozzle arrays for ink of other
colors, such as a dark yellow, a light magenta and a light
cyan.

At the time of printing, a drive signal according to 1mage
data of an 1mage 1s supplied to the ink supply unit 9 for each
of the colors. Ink droplets of the number and sizes according
to the image data are ejected toward the recording material 5.
A full-color 1mage 1s obtained by arrangement of the 1nk
droplets on the recording material 5.

In FIG. 1, a moving path of the printhead 2 includes two
portions, which are a printing region 10 and a marginal
region 11. The printing region 10 1s where the recording
material 5 1s subjected to 1mage recording. The marginal
region 11 1s beside the printing region 10 and 1s not used for
image recording. There are a pickup device 12 and a suction
unit 13 in the marginal region 11. The pickup device 12
includes a pickup element 14, a light source 15 and a pickup
optical system 16. The pickup element 14 1s an image sensor,
for example an area CCD (charge coupled device) sensor for
photographing the printhead 2. The light source 15 applies
light to the nozzle arrangement surface 2a. The pickup opti-
cal system 16 includes a condenser lens, an enlarging lens
and the like. The condenser lens focuses light upon the
pickup element 14 upon reflection of the light from the
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nozzle arrangement surface 2a. The enlarging lens enlarges
an 1mage of the vicinity of the ejection nozzles 7.

The pickup device 12 1s constructed 1n a selectable man-
ner between a normal pickup mode and a high 1mage quality
mode. When the normal pickup mode i1s set, the pickup
device 12 picks up four nozzles among the ejection nozzles 7
and disposed 1nside a pickup region 21 at the broken line 1n
FIG. 2. When the high image quality mode 1s set, each of the
ejection nozzles 7 with 1ts vicinity 1s picked up in enlarge-
ment by use of an enlarging lens 1n the pickup optical system
16. The image data obtained by picking up is transierred to
an analyzer 32 which will be described later.

As the pickup device 12 i1s located in the marginal region
11, 1t 1s possible to photograph an 1image at any time irre-
spective of printing and not printing. The printing can be
discontinued immediately upon detection of the failure 1n
the 1k ejection. Wastetul use of the ink can be suppressed
specifically when a size of image data of an 1mage 1s consid-
crably great. Note that, in spite of the four nozzles photo-
graphed simultaneously in the present embodiment, 1t 1s pos-
sible to photograph three or less or five or more nozzles at
one time. This 1s because the number of the photographable
nozzles changes according to definition of the pickup device
12 and the density of arranging the nozzles. Also, the pickup
clement 14 may be a line CCD sensor instead of the area
CCD sensor. For the line CCD sensor, 1t 1s necessary to
synchronize the operation of the sensor with the movement
of the carriage 4.

There 1s a determining unit 33 for detecting failing ones of
the nozzles as will be described later. The suction unit 13
operates for recovery ol a normal state by eliminating failure
in the ink ejection. The suction unit 13 includes a suction cap
or head 17 and a suction pump 18. At the time of the recov-
ering process, the suction cap 17 1s tightly contacted on the
nozzle arrangement surface 2a. The suction pump 18 1s
driven to suck the 1nk from out of the ejection nozzles 7. It 1s
to be noted that the suction cap 17 may be separate from a
protecting cap (not shown) which covers the nozzle arrange-
ment surface 2a at the time of not printing. According to this,
wastetul use of the ink can be reduced, because only a failing
one of the ejection nozzles 7 with the jam of ink can be
sucked selectively by use of the suction cap 17.

In FIG. 3, an 1nk ¢jection 1mspector 31 of the mvention 1s
schematically illustrated. The 1ink ejection mspector 31 has
the pickup device 12, and also includes the analyzer 32, the
determining unit 33 and a control unit 34. The analyzer 32
analyzes the 1mage data transierred from the pickup device
12. The determiming unit 33 1s constituted by a threshold
value memory, and judges existence of failure or lack
according to the analysis result. The control unit 34 controls
the pickup device 12 and the suction unit 13 at the time of
recovery operation.

The analyzer 32 includes an 1mage parameter compensa-
tor 35 and a pattern recognition unit 36. The 1mage param-
eter compensator 35 subjects the 1mage data to edge
enhancement or other correction after the transfer from the
pickup device 12. The pattern recognition unit 36 operates
according to the known technique of the pattern recognition,
and recognizes the image data after the correction.

The pattern recognition unit 36 1s constituted by a refer-
ence 1mage memory, and checks the image data from the
pickup device 12 by comparison with reference image data
stored previously. In FIG. 4A, a normal state of the ejection
nozzles 7 1s 1illustrated, of which an 1mage constitutes the
reference 1mage data. In FIGS. 4B-4F, various states of fail-
ures of the ejection nozzles 7 are illustrated, which are
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clearly distinct from the normal state represented by the ret-
erence 1mage data. In FI1G. 4B, foreign material 41, such as
extra 1nk, dust or other unwanted particle, 1s stuck on the
nozzle arrangement surface 2a near to the ejection nozzles 7.
In FIG. 4C, the foreign material 41 is stuck to the inner
surface of the ejection nozzles 7. In FIG. 4D, the foreign
material 41 line-shaped with a small width 1s stuck and
extends across one edge of the ejection nozzles 7. In FIG.
4E, the foreign material 41 1s located inside the ejection
nozzles 7 or the ink chamber 6. In FI1G. 4F, the foreign mate-
rial 41 1s stuck to cover the whole of the ejection nozzles 7. It
1s to be noted that finite differences may be used for the
purpose of the pattern recognition. A finite difference
between the reference image data and the 1image data of the
picking up 1s determined. If the finite difference 1s more than
a threshold value, then failure 1n the ejection 1s determined 1n
the determining unit 33.

The failing nozzles among the ejection nozzles 7 accord-
ing to the determination i the determining unit 33 are sub-
jected to the recovering process which includes steps of
sucking the 1nk 1n the suction unit 13, forcible ejection, heat-
ing the periphery of each nozzle, wiping with a blade of a
wiper, and the like. In the case of the failure depicted in FIG.
4B, the ¢jection of the ink 1s sate. However, a problem 1is
likely to occur because an ejecting direction toward the
recording material 5 may change. The wiping blade 1n the
wiper 15 used for wiping the nozzle arrangement surface 2a
to eliminate the foreign material 41. For the failure of this
kind, only the wiping can be used for the recovery. The
suction of the ink and other steps are not required. Thus, the
failure 1n the 1nk ejection can be overcome at a short time
without wasting the 1nk.

In the case of failure of each of FIGS. 4C and 4E, the
foreign material 41 exists 1n the ejection nozzles 7. Then
suction of the ink 1s effected to eliminate the foreign material
41. To this end, the pattern recognition unit 36 calculates an
area ol a region at which the foreign material 41 closes the
ejection nozzles 7, and adjusts at least one of the suction
pressure, the length of suction time, and the number of times
of the suction 1n the suction umt 13 according to the great-
ness of the calculated area. This 1s very eflective 1n the
recovering process at a high efficiency.

In the case of failure of each of FIGS. 4D and 4F, the
nozzle 1s wiped by the blade 1n the same manner as FIG. 4B,
to eliminate the foreign material 41. At this time, the suction
with the suction unit 13 can be additionally used 11 required.
After the recovering process, 1t happens that failure in the
ejection 1s detected again. For this case, the operation for the
recovering process 1s effected for a second time. Otherwise,
an alarm unit 1s driven to generate an alarm signal 1n a vis-
ible or audible manner, to inform a user of the abnormal
state. If the printing has been started even at the time of the
alarm signal, the printing 1s immediately interrupted 1n a
forcible manner. It 1s desirable to avoid a wastetul use of the
nk.

Furthermore, 11 one or more of the ejection nozzles 7 have
failure, remaiming normal nozzles 7 can be substituted for
the failing nozzles. The feeding speed of the recording mate-
rial 5 can be lowered 1n the printing. After the printing at the
low speed 1s completed, the recovering operation may be
cifected. In FIG. 5, one preferred embodiment 1s illustrated,
in which a mode selector 51 1s added. The mode selector 51
1s operable by manual operation of a user, and sets a selected
one of a mode of effecting the suction and a mode for the
substitution with the normal nozzles.

In FIG. 6, another preferred embodiment 1s illustrated, 1n
which an 1image history memory 61 is imncluded 1n the ana-
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lyzer 32 for storing image data as numerous sets of 1mage
history data obtained by the pickup device 12. The analyzer
32 accesses the image history memory 61, compares the
image data with the stored image data as image history data,
and produces information of expecting nozzles which are
likely to have future failure. After determining those failure-
expected nozzles, the failure-expected nozzles are subjected
with priority to the inspection of the acceptability.
Otherwise, only the failure-expected nozzles are subjected to
the inspection without mspecting the remainder. This 1s
advantageous 1n shortening the total time required for the
inspection of the failure. Note that the precision in the
inspection can be raised by vibrating a meniscus as a surface
of the ink droplet at the ejection nozzles 7 1n the 1k supply

unit 9.

Note that the pickup element 14 may be a CMOS
(complementary metal-oxide semiconductor) sensor instead
of the CCD sensor. Also, it 1s possible to apply laser light to
the ejection nozzles 7, and obtain surface shape data of pro-
truding and retracting shapes. The surface shape data can be
checked by comparison with predetermined reference sur-
face shape data, so as to detect failure in the ejection. Also,
an 1nk jet printer of the mvention may be a piezoelectric
printing type. A pressurizing pump 1s provided 1 an ink
supply passageway between the ink reservoir 8 and the print-
head 2. At the time of the process for the recovery, the pres-
surizing pump 1s actuated to raise an inner pressure of the
ink supply passageway. Piezoelectric elements are driven to
climinate foreign matenal by ¢jecting the ink. Otherwise, 1t
1s possible to eject the ink forcibly by raising amplitude of
the voltage applied to the piezoelectric elements for the pur-
pose of eliminating foreign matenal.

In the above embodiment, the printer 1s a serial printer.
However, a printer according to the invention may be a line
printer 71 of FIG. 7 which includes a printhead of a great
length. The recording material 5 1n the line printer 71 1s fed
in a direction perpendicular to a surface of the drawing sheet.
An 1k jet type of printhead 72 as ejection nozzle array
records an 1mage to the recording material 5. The printhead
72 1s stationary during the printing operation, but 1s shiftable
away 1n a direction Y indicated by the arrow and perpendicu-
lar to feeding of the recording matenal 5.

A guide rod 73 1s disposed between the printhead 72 and
the recording material 5. A pickup device 74 and a suction
unit 75 are supported on the guide rod 73 1n a slidable man-
ner 1n a direction X indicated by the arrow. The suction unit
75 1s movable up and down 1n the direction Y. A nozzle
arrangement surface 72a of the printhead 72 1s contacted
tightly by the suction unit 75, which subjects failing nozzles
to the recovering process among the ejection nozzles 7. To
detect failure in the 1k ejection, the printhead 72 1s shifted
away so as to slide the pickup device 74 and the suction unit
75 along the guide rod 73. Note that 1t 1s possible to shiit

away a passageway lfor the recording material 5 instead of
shifting the printhead 72.

Also, the liquid gjected according to the present invention
may be other than the 1nk.

Although the present invention has been tully described
by way of the preferred embodiments thereotf with reference
to the accompanying drawings, various changes and modifi-
cations will be apparent to those having skill 1n this field.
Theretfore, unless otherwise these changes and modifications
depart from the scope of the present invention, they should
be construed as included therein.

What is claimed 1s:

1. A liquid ejection mspecting method for an ejection
nozzle array including plural ejection nozzles [comprising a
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printhead] for ejecting liquid[wherein said plural ejection
nozzles extend in a first scan direction], said liquid ejection
ispecting method comprising the steps of:

photographing said ejection nozzles in said ejection
nozzle array|,] with a pickup device to output image
data;

analyzing, using processor, said image data to output
analysis result information; and

judging whether an ejecting state of said ejection nozzles
1s acceptable or unacceptable according to said analysis
result information];].

[moving one of said printhead and said recording material
relative to a remaining one thereof at a small adjusting
shifted amount 1n said first scan direction, said adjust-
ing shifted amount being equal to a pitch between an
unacceptable nozzle of which said unacceptable state 1s
judged and an acceptable nozzle close thereto and of
which said acceptable state 1s judged among said ejec-
tion nozzles, and causing said acceptable nozzle to
¢ject said ink 1nstead of said unacceptable nozzle, so as
to compensate for lowering of image quality due to said
unacceptable state; and

recording 1mages to recording material based on whether
an object which prevents said liquid from passing
through a discharging port of said ejection nozzle 1s
stuck on said ejection nozzle}

wherein the unacceptable states include states where an
object is stuck on a nozzle arrangement surface near to
the ejection nozziles, where the object is stuck on an
inner surface of the ejection nozziles, where the object is
stuck and extends acrvoss an edge of the ejection
nozziles, where the object is located inside the ejection
nozzles, and where the object is stuck to cover the
whole of the ejection nozzles, and

wherein said judging step includes comparing said differ-
ence with a predetermined threshold value adapted to
said pattern recognition process, judging said accept-
able state if said difference is equal to or less than said
threshold value, and judging said unacceptable state if
said difference is more than said threshold value.
2. A liquid ejection mspecting method as defined 1n claim
1, wherein 1n said analyzing step, predetermined reference
image data 1s used, to check said image data by comparison.
3. A liquid ejection mspecting method as defined 1n claim
2, wherein said reference 1image data 1s used 1n a pattern
recognition process, and one of acceptable and unacceptable
states of said ejection nozzles 1s judged by evaluating said
image data 1n said pattern recognition process.
4. A liquid ejection mspecting method as defined 1n claim
3, further comprising a step of, 1f said ejection nozzles are 1n
said unacceptable state, wiping said ejection nozzles to
climinate foreign material.
5. A liquid gjection mspecting method as defined 1n claim
3, further comprising a step of, 1f said ejection nozzles are 1n
said unacceptable state, eliminating foreign material from
said ejection nozzles.
6. A liguid ejection mspecting method as defined in claim
5, wherein said photographing, analyzing, and judging steps
are effected again after said eliminating step;
turther comprising a step of, if said unacceptable state 1s
judged again 1n said judging step, generating an alarm
signal.
7. A liquid ejection mspecting method as defined 1n claim
3, wherein said analyzing step includes determining a differ-
ence between said 1image data and said reference 1image data,
said difference constituting said analysis result information]:
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said judging step includes comparing said difference with
a predetermined threshold value adapted to said pattern
recognition process, judging said acceptable state it
said difference 1s equal to or less than said threshold
value, and judging said unacceptable state 11 said differ-
ence is more than said threshold valuel].

8. A liquid ejection mspecting method as defined 1n claim

3, wherein said liquid 1s 1k, and said ejection nozzle array
constitutes a printhead of an 1nk jet type.

9. The liquid ejection inspecting method of claim 1,
wherein the photographing said ejection nozzles further
comprises photographing ejection nozzle orifices.

10. A liquid ejection inspector for an ejection nozzle array
including plural ejection nozzles [comprising a printhead]
for ejecting liquid[wherein said ejection nozzle array
extends in a first scan direction], said liquid ejection inspec-
tor comprising:

a pickup device for photographing said ejection nozzles in
said ejection nozzle array, to output image datal,
wherein said image data 1s recorded to recording mate-
rial];

an analyzer circuit for storing reference image data, and
for outputting analysis result information according to
said 1image data and said reference 1image data; and

a determining unit for judging whether an ejecting state of
said ejection nozzles 1s acceptable or unacceptable
according to said analysis result information[; and],

[a control unit for moving one of said printhead and said
recording material relative to a remaining one thereof at
a small adjusting shifted amount i1n said first scan
direction, said adjusting shifted amount being equal to
a pitch between an unacceptable nozzle of which said
unacceptable state 1s judged and an acceptable nozzle
close thereto and of which said acceptable state is
judged among said ejection nozzles, said control umit
causing said acceptable nozzle to eject said ink instead
of said unacceptable nozzle, so as to compensate for
lowering of image quality due to said unacceptable
state based on whether an object which prevents said
liquid from passing through a discharging port of said
ejection nozzle is stuck on said election nozzle.]

wherein the unacceptable states include states where an
object is stuck on a nozzle arrangement surface near to
the ejection nozziles, where the object is stuck on an
inner surface of the ejection nozziles, where the object is
stuck and extends across an edge of the ejection
nozziles, wheve the object is located inside the ejection
nozzies, and where the object is stuck to cover the
whole of the ejection nozzles, and

wherein said judging includes comparing said difference
with a predetermined threshold value adapted to said
pattern recognition process, judging said acceptable
state if said difference is equal to or less than said

threshold value, and judging said unacceptable state if

said difference is more than said threshold value.

11. The liquid ¢jection mspector of claim 10, wherein the
pickup device photographs ejection nozzle orifices 1n said
¢jection nozzle array.

12. An image forming apparatus comprising:

at least one ejection nozzle array including plural ejection

nozzles [comprising a printhead] for ejecting liquid],
wherein said plural ejection nozzles extend in a first
scan directionl]:

a pickup device for photographing said ejection nozzles in
said ejection nozzle array, to output image datal,
wherein said image data 1s recorded to recording mate-
rial];
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an analyzer for storing reference image data, and for out-
putting analysis result information according to said
image data and said reference 1image data; and

a determining unit for judging whether an ¢jecting state of
said ejection nozzles 1s acceptable or unacceptable
according to said analysis result information[; and],

[a control unit for moving one of said printhead and said
recording material relative to a remaining one thereof at
a small adjusting shifted amount 1n said first scan
direction, said adjusting shifted amount being equal to
a pitch between an unacceptable nozzle of which said
unacceptable state 1s judged and an acceptable nozzle
close thereto and of which said acceptable state is
judged among said ejection nozzles, said control unit
causing said acceptable nozzle to eject said 1nk instead
of said unacceptable nozzle so as to compensate for
lowering of 1mage quality due to said unacceptable
state based on whether an object which prevents said
liguid from passing through a discharging port of said
ejection nozzle is stuck on said election nozzle.]

wherein the unacceptable states include states where an
object is stuck on a nozzle arrangement surface near to
the ejection nozziles, where the object is stuck on an
inner surface of the ejection nozziles, where the object is
stuck and extends acrvoss an edge of the ejection
nozziles, where the object is located inside the ejection
nozzles, and where the object is stuck to cover the
whole of the ejection nozzles, and

wherein said determining unit stoves information of a pre-
determined threshold value adapted to said pattern vec-
ognition process, compares said difference with said
threshold value, judges said acceptable state if said
difference is equal to or less than said threshold value,
and judges said unacceptable state if said difference is
movre than said threshold value.

13. An 1mage forming apparatus as defined in claim 12,
further comprising a foreign material elimination unit for
climinating foreign material from said ejection nozzles.

14. An 1mage forming apparatus as defined in claim 13,
wherein said reference 1mage data 1s used 1n a pattern recog-
nition process, and said analyzer and said determining unit
cooperate to judge one of acceptable and unacceptable states
of said gjection nozzles by evaluating said image data in said
pattern recognition process.

15. An 1mage forming apparatus as defined in claim 14,
wherein said elimination unit 1s operated at least when said
unacceptable state 1s judged according to said analysis result
information.

16. An 1image forming apparatus as defined in claim 14,
wherein according to said analysis result information, said
climination unit 1s selectively operated for unacceptable
ejection nozzles included 1n said ejection nozzles and of
which said unacceptable state 1s judged.

17. An 1mage forming apparatus as defined in claim 14,
wherein said analyzer further calculates a blocked area
where said foreign material blocks said ejection nozzles
according to said image data;

turther comprising a control unit for changing a driving
parameter of said elimination unit according to said
blocked area.

18. An 1mage forming apparatus as defined in claim 17,
wherein said elimination unit 1s a suction unit for sucking
said liquid out of said ejection nozzles, and said driving
parameter 1s at least one of a pressure of suction of said
suction unit, a length of time of said suction, and a number
of times of said suction.



US RE41,609 E

11

19. An 1mage forming apparatus as defined 1n claim 14,
turther comprising an 1mage history memory for storing
image history data constituted by plural sets of 1image data
obtained previously;

wherein said analyzer judges whether said 1image data 1s
within a range of said image history data, and 11 said
image data 1s within said range of said 1mage history
data, determines said acceptable stale of an ejection
nozzle corresponding to said image data, and if said
image data 1s outside said range of said image history
data, determines an ¢jection nozzle corresponding to
said 1mage data as a failure-expected nozzle, and pro-
cesses said image data for said failure-expected nozzle,
to output said analysis result information.

20. An 1mage forming apparatus as defined 1n claim 19,
wherein said pickup device photographs said failure-
expected nozzle when operated again.

21. An 1mage forming apparatus as defined in claim 14,
wherein said analyzer determines a difference between said
image data and said reference image data, said difference

constituting said analysis result information];

said determining unit stores information of a predeter-
mined threshold value adapted to said pattern recogni-
tion process, compares said difference with said thresh-
old value, judges said acceptable state 11 said difference
1s equal to or less than said threshold value, and judges
said unacceptable state 1 said difference 1s more than
said threshold valuel].

22. An 1mage forming apparatus as defined in claim 14,
wherein said pickup device comprises a CCD or CMOS.

23. The image forming apparatus of claim 12, wherein the
pickup device photographs ejection nozzle orifices i said
¢jection nozzle array.

24. An 1image forming apparatus comprising;

at least one ejection nozzle array including plural ejection

nozzles comprising a printhead for ejecting liquid,
wherein said plural ejection nozzles extend in a first
scan direction;

a Toreign material elimination unit for eliminating foreign
material from said ejection nozzles;

a pickup device for photographing said ejection nozzles in
said ejection nozzle array, to output image data,
wherein said 1mage data 1s recorded to recording mate-
rial;

an analyzer for storing reference image data, and for out-
putting analysis result information according to said
image data and said reference 1image data; and

a determining unit for judging whether an ejecting state of
said ejection nozzles 1s acceptable or unacceptable
according to said analysis result information; and

a control unit for moving one of said printhead and said
recording material relative to a remaining one thereof at
a small adjusting shifted amount i1n said first scan
direction, said adjusting shifted amount being equal to
a pitch between an unacceptable nozzle of which said
unacceptable state 1s judged and an acceptable nozzle
close thereto and of which said acceptable state is
judged among said ejection nozzles, said control unit
causing said acceptable nozzle to eject said ink instead
of said unacceptable nozzle, so as to compensate for
lowering of 1image quality due to said unacceptable
state,

wherein said reference 1mage data 1s used 1n a pattern
recognition process, and said analyzer and said deter-
mining unit cooperate to judge one of acceptable and
unacceptable states of said ejection nozzles by evaluat-
ing said image data 1n said pattern recognition process.
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25. An 1mage forming apparatus as defined in claim 24,
turther comprising a mode selector for setting a selected one
of an elimination mode and a nozzle substitution mode, and
for, when said elimination mode 1s set, operating said elimi-
nation unit, and for, when said nozzle substitution mode 1s
set, causing said control unit to operate said acceptable
nozzle included 1n said ejection nozzles for substitution.

26. An 1mage forming apparatus as defined 1n claim 24,
turther comprising a carriage for moving said printhead rela-

tive to said recording material 1n a second scan direction;

said pickup device 1s arranged beside a printing surface of
said recording material in said second scan direction,
and 1s opposed to said printhead moved by said car-
riage.

27. An 1mage forming apparatus comprising:

at least one ejection nozzle array including plural ejection
nozzles for ejecting liquid;

a pickup device for photographing said ejection nozzles 1n
said ejection nozzle array, to output image data;

an analyzer for storing reference image data, and for out-

putting analysis result information according to said
image data and said reference 1image data; and

a determining unmit for judging whether an ¢jecting state of

said ejection nozzles 1s acceptable or unacceptable
according to said analysis result information; and

a control unit for moving one of said ejection nozzle array
and said recording material relative to a remaining one
thereof at a small adjusting shifted amount 1n said first
scan direction, said adjusting shifted amount being
equal to a pitch between an unacceptable nozzle of
which said unacceptable state 1s judged among said
¢jection nozzles and an acceptable nozzle close thereto
and of which said acceptable state 1s judged among said
¢jection nozzles, said control unit causing said accept-
able nozzle to ¢ject said liquid instead of said unaccept-
able nozzle, so as to compensate for lowering of image
quality due to said unacceptable state,

wherein said liqud 1s 1nk, and said ejection nozzle array
comprises a printhead of an ink jet type adapted to
image recording to recording material and extending 1n
a first scan direction.

28. A liquid ejection inspecting method for an ejection
nozzile array including plural ejection nozzles comprising a
printhead for ejecting liquid whervein said plural ejection
nozziles extend in a first scan divection, said liguid ejection
inspecting method comprising the steps of:

photographing said ejection nozzles in said ejection

nozzile array with a pickup device to output image data;

analyzing said image data to output analysis vesult infor-
mation;

Judging whether an ejecting state of said ejection nozzles
is acceptable or unacceptable accovding to said analy-
sis vesult information;

moving one of said printhead and said vecording material
relative to a vemaining one therveof at a small adjusting
shifted amount in said first scan direction, said adjust-
ing shifted amount being equal to a pitch between an
unacceptable nozzle of which said unacceptable state is
Judged and an acceptable nozzie close thereto and of
which said acceptable state is judged among said ejec-
tion nozzles, and causing said acceptable nozzie to
eject said ink instead of said unacceptable nozzle, so as
to compensate for lowering of image quality due to said
unacceptable state; and

recording images to recovding material based on whether
an object which prevents said liquid from passing
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through a discharging port of said ejection nozzile is
stuck on said ejection nozzle.

29. A liguid ejection inspector for an ejection nozzle array
including plural ejection nozzles comprising a printhead for
ejecting liquid wherein said ejection nozzle array extends in
a first scan direction, said liquid ejection inspector compris-
Ing:

a pickup device for photographing said ejection nozzles in

said ejection nozzle arrvay, to output image data,

wherein said image data is recovded to recording mate- 10
rial;

an analyzer for storing veference image data, and for out-
putting analysis vesult information according to said
image data and said veference image data; 15

a determining unit for judging whether an ejecting state of

said ejection nozzles is acceptable ov unacceptable
according to said analysis vesult information; and

a control unit for moving one of said printhead and said
recording material velative to a remaining one thereof 20
at a small adjusting shifted amount in said first scan
dirvection, said adjusting shifted amount being equal to
a pitch between an unacceptable nozzile of which said
unacceptable state is judged and an acceptable nozzle
close thereto and of which said acceptable state is 25
Judged among said ejection nozzles, said control unit
causing said acceptable nozzle to eject said ink instead
of said unacceptable nozzile, so as to compensate for
lowering of image quality due to said unacceptable
state based on whether an object which prevents said 30
liguid from passing through a discharging port of said
ejection nozzle is stuck on said ejection nozzle.

14

30. An image forming apparatus comprising:

at least one ejection nozzle arrvay including pluval ejection

nozzles comprising a printhead for ejecting liquid,
wherein said plural ejection nozzles extend in a first
scan direction;

a pickup device for photographing said ejection nozzles in

said ejection nozzle array, to output image data,
wherein said image data is recovded to recovding mate-
rial;

an analyzer for storing reference image data, and for out-

putting analysis vesult information accorvding to said
image data and said veference image data; and

a determining unit for judging whether an ejecting state of

said ejection nozzles is acceptable ov unacceptable
according to said analysis vesult information; and

a control unit for moving one of said printhead and said

recovding material velative to a remaining one therveof
at a small adjusting shifted amount in said first scan
divection, said adjusting shifted amount being equal to
a pitch between an unacceptable nozzile of which said
unacceptable state is judged and an acceptable nozzle
close thereto and of which said acceptable state is
Judged among said ejection nozzles, said control unit
causing said acceptable nozzle to eject said ink instead
of said unacceptable nozzile, so as to compensate for
lowering of image quality due to said unacceptable
state based on whether an object which prevents said
liquid from passing through a discharging port of said
ejection nozzle is stuck on said ejection nozzle.
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