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(54) INK JET RECORDING DEVICE

(57)  In an inkjet printing apparatus using plural line
type inkjet printing heads for one color ink, and forming
an image by dividing image data into pieces correspond-
ing to the plural printing heads, complementary printing
operation using a simple configuration is achieved with-
out causing a substantial decrease in printing speed even
when one printing head has a poorly ejecting nozzle.
When a one printing head (104) has a poorly ejecting
nozzle, a corresponding nozzle of another printing head

(an auxiliary printing head, for example) complements
printing operation assigned to the poorly ejecting nozzle.
At this time, the same piece of divided image data is fed
to the one and the other printing heads. Then, the printing
operation of the one printing head is made invalid only
at the timing of driving the poorly ejecting nozzle, and the
printing operation of the second printing head is made
valid only at the timing of driving the corresponding noz-

zle.
101
') :
o=

<::I PAPER CONVEYING DIRECTION

FIG.8

Printed by Jouve, 75001 PARIS (FR)



1 EP 1972 448 A1 2

Description
Technical Field

[0001] The present invention relates to an inkjet print-
ing apparatus (hereinafter also referred to as a "line type
inkjet printing apparatus" or simply as an "inkjet printing
apparatus") using an inkjet printing head (hereinafter also
referred to as a "line head") formed of an array of nozzles
with the width corresponding to the width of a printing
medium to be transferred.

Background Art

[0002] Line type inkjet printing apparatuses include a
general line type inkjet printing apparatus using one line
head for one color ink, and a line type inkjet printing ap-
paratus using plural line heads for one colorink, and form-
ing an image by dividing image data into pieces corre-
sponding to the plural line heads. In the latter line type
inkjet printing apparatus, the plural line heads share the
work of forming an image. This apparatus can therefore
achieve a speedup in printing since it enables printing
operation beyond the maximum driving frequency of one
line head, that is, the printing at a speed proportional to
the number of line heads.

[0003] In aline type inkjet printing apparatus, one line
head may have a poorly ejecting nozzle (hereinafter also
referred to as a "faulty nozzle") incapable of ejecting ink
normally for some reason or other. Under this condition,
in a case of the general line type inkjet printing apparatus,
one of the following two approaches can be taken: one
of the approaches is to continue to print, without ensuring
printing quality; and the other is to suspend printing to
replace the line head having the faulty nozzles with a
new one. In contrast, in a case of the line type inkjet
printing apparatus using the plural line heads for one
color ink, another approach can be taken in addition to
the above approaches, and this approach is to continue
to print by using only normal line heads having no faulty
nozzles. Moreover, there is also a technique allowing plu-
ral line heads for one color ink to perform complementary
operations when a faulty nozzle is detected, that is, al-
lowing each of the plural line heads to eject ink comple-
mentarily by using only normal nozzles (see Patent Doc-
ument 1).

[0004] Theline type inkjet printing apparatus using the
plural line heads for one color ink, however, is originally
configured to meet a demand for high-speed printing.
The approach of using the normal line heads alone to
continue to print, however, cannot satisfy the demand for
the high-speed printing because a printing speed is in-
evitably decreased up to the speed proportional to the
number of normal line heads. Here, consider a case
where the technique disclosed in Patent Document 1 is
applied when a faulty nozzle is detected in a printing ap-
paratus. In this case, in order for normal line heads to
complementarily eject ink, the printing apparatus has to
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re-arrange print data and generate mask data, and fur-
ther requires means for storing the generated mask data.
The above technique therefore has the problem of en-
larging the scale of circuitry of the printing apparatus be-
cause of rendering the mode of control and the configu-
ration of a control system complicated.

[0005] [Patent Document 1] Japanese Patent Laid-
Open No. 10-6488(1998))

Disclosure of the Invention

[0006] The present invention has been made in con-
sideration for the foregoing problems inherent in a line
type inkjet printing apparatus using plural line heads for
one color ink, and forming an image by dividing image
data into pieces corresponding to the plural line heads.
An object of the present invention is to enable comple-
mentary printing operation using a simple configuration
while minimizing a decrease in printing speed even when
a faulty nozzle is detected.

[0007] Inordertoachievethe above object,the present
invention provides an inkjet printing apparatus including
a plurality of inkjet printing heads for the same color ink
arranged side by side in the conveying direction of a print-
ing medium, each head formed of an array of nozzles for
ink ejection in a direction crossing the conveying direc-
tion, the apparatus capable of dividing image data into
pieces corresponding to the nozzle arrays, feeding the
divided image data to the plurality of inkjet printing heads,
and printing the divided image data, comprising:

complementing means which, when a poorly eject-
ing nozzle is present in one ink jet printing heads,
causes a corresponding nozzle of another inkjet
printing head to complement printing operation as-
signed to the poorly ejecting nozzle, wherein

the complementing means feeds the same piece of
divided image data to the one inkjet printing head
and the other inkjet printing head, and

the complementing means makes invalid the printing
operation of the one inkjet printing head only at a
driving timing of the poorly ejecting nozzle, and
makes valid the printing operation of the other inkjet
printing head only at a driving timing of the corre-
sponding nozzle.

[0008] The second inkjet printing head may be provid-
ed to to perform the complementarity.

[0009] The second inkjet printing head may be the
inkjet printing head in which a nozzle other than the cor-
responding nozzle is in a poorly ejecting condition.
[0010] According to the present invention, when a
poorly ejecting nozzle is present in one of printing heads
(or line heads), he same divided image data (or raster
data) is fed to the one line head and a different one of
the line heads. The printing operation of the one line head
is made invalid only at a driving timing of the faulty nozzle
(e.g., the timing of the time sharing driving of a block
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containing the faulty nozzle), and the printing operation
of the different line head is made valid only at a driving
timing of the corresponding nozzle (e.g., the timing of the
time sharing driving of a corresponding block). This elim-
inates the need for mask data generation, mask data
storing means, and so on for complementary operation
for the poorly ejecting nozzle. When the different line
head is provided to perform the complementary opera-
tion, high-quality printing can be maintained without
causing a decrease in printing speed. When the different
line head is the line head in which a nozzle other than
the corresponding nozzle is in a poorly ejecting condition,
the one line head and the different line head complement
each other. This does not cause such a substantial de-
crease in the printing speed that occurs when printing is
performed without using these line heads.

Brief Description of the Drawings
[0011]

Fig. 1is a conceptualillustration showing an example
of a general configuration of a printing system to
which a first embodiment of the present invention
can be applied;

Fig. 2 is a block diagram showing an example of a
general configuration of a control system of a line
type inkjet printing apparatus according to the first
embodiment of the present invention;

Fig. 3 is a conceptual illustration for explaining the
printing operation of the inkjet printing apparatus
shown in Fig. 2 under normal conditions;

Fig. 4 is a circuit diagram showing an example of an
electrical configuration of electrothermal transduc-
ers and a driver circuit therefor in a predetermined
section of each head of the inkjet printing apparatus
shown in Fig. 2;

Fig. 5 is a timing chart of signals for block driving
from parts in the circuit shown in Fig. 4;

Fig. 6 is a table for explaining correspondences be-
tween the signals for block driving and nozzles;
Fig. 7 is a flowchart showing an example of the pro-
cedure for complementary operation executed when
a faulty nozzle is detected, according to the first em-
bodiment of the present invention;

Fig. 8 is a conceptual illustration for explaining the
complementary operation using an auxiliary line
head, executed when a faulty nozzle is detected, ac-
cording to the first embodiment of the present inven-
tion;

Fig. 9 is a timing chart of signals from parts in a line
head having a faulty nozzle detected therein;

Fig. 10 is a timing chart of signals from parts in an
auxiliary line head;

Fig. 11 is a conceptual illustration for explaining the
printing operation performed without using the aux-
iliary line head when a faulty nozzle is detected, ac-
cording to the first embodiment of the present inven-
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tion;

Fig. 12 is a conceptual illustration showing an exam-
ple of a general configuration of a printing system to
which a second embodiment of the presentinvention
can be applied;

Fig. 13 is a flowchart showing an example of a pro-
cedure for complementary operation which is exe-
cuted when a faulty nozzle is detected, according to
the second embodiment of the present invention;
and

Fig. 14 is a conceptual illustration for explaining the
complementary operation executed when a faulty
nozzle is detected, according to the second embod-
iment of the present invention.

Best Modes for Carrying Out the Invention

[0012] The presentinvention will be described in detail
below with reference to the accompanying drawings.

(First embodiment)

[0013] Fig. 1 is a conceptual illustration showing an
example of a general configuration of a printing system
to which the present invention can be applied. The sys-
tem is configured of a line type inkjet printing apparatus
107 that performs printing operation on a printing medi-
um, and a host computer 106 that transmits and receives
various data to and from the inkjet printing apparatus
107. The host computer 106 and the inkjet printing ap-
paratus 107 are connected through a communication ca-
ble 108. Moreover, when the host computer 106 trans-
mits various data such as processed image data and a
cleaning command to the inkjet printing apparatus 107,
the inkjet printing apparatus 107 performs printing and
other required operations. When the inkjet printing ap-
paratus 107 transmits a printer status such as error in-
formation to the host computer 106, the host computer
106 can recognize the status of the inkjet printing appa-
ratus.

[0014] The inkjet printing apparatus according to the
first embodimentincludes long lengths of four inkjet print-
ing heads (or line heads) 101 to 104, each of which is
formed of an array of nozzles with the width correspond-
ing to the width of the printing medium to be transferred,
and the line heads 101 to 104 are arranged side by side
in the transfer direction of the printing medium. Under
normal conditions, the line heads 101 to 104 are used
for printing. All of these line heads eject black ink. Image
data of the same color (or a black color) is divided into
raster units corresponding to the nozzle arrays of the line
heads to thereby form print data (or the divided image
data). When the print data is then fed to the line heads,
the line heads perform their assigned operations for form-
ing a monochrome (or black) image. The printing appa-
ratus according to the first embodiment is provided with
another line head 114 (hereinafter also referred to as an
"auxiliary line head"), which is used for complementary
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ink ejection when a faulty nozzle is detected in any of the
line heads 101 to 104. Electrothermal transducers (or
ejection heaters), for example, can be used for the line
heads 101 to 104 and the auxiliary line head 114. Spe-
cifically, the electrothermal transducers produce such
thermal energy that causes film boiling of the ink accord-
ing to an applied current, which is utilized as the energy
for ink ejection.

[0015] A printing medium 109 is transferred along a
predetermined conveying path under the line heads 101
to 104 and 114 by a conveyance unit 110 such as a motor-
driven endless conveyor belt or conveyor roller. When a
front end of the printing medium 109, under this convey-
ing operation, is detected by a printing medium sensor
111 disposed upstream from the line head 101 as viewed
in the conveying direction, the printing operation is start-
ed on the printing medium 109 at a predetermined time
with respect to the time of detection.

[0016] A light emitting unit 112 and a photodetector
113 are disposed opposite sides, respectively, of the line
heads 101 to 104 and 114. The light emitting unit 112
and the photodetector 113 constitute a faulty nozzle
sensing device. The light emitting unit 112 and the pho-
todetector 113 have an array of light emitting elements
and an array of photodetection elements, respectively,
corresponding to the line heads 101 to 104 and 114. The
light emitting elements are arranged to emit light along
arrays of nozzle orifices on the undersides of the heads
in order for the corresponding photodetection elements
to receive the light. For detection operation of a faulty
nozzle, optical paths are formed as extending from the
light emitting elements to the photodetection elements.
Also, the nozzles are made to perform ink ejecting oper-
ations in sequence, for example, starting with the nozzles
located on one side of the heads and ending with the
nozzles located on the other side of the heads. Then, the
photodetector 113 detects whether or not a light shield
condition is arisen. In this case, a determination can be
made as to whether or not each nozzle has performed
the ejecting operation normally, according to a driving (or
ejection) timing of each nozzle and the timing of detection
of whether or not the light shield condition has arisen.
When a non-ejecting condition is detected, cleaning op-
eration is performed to improve the performance capa-
bilities of ink ejection. Then, the operation for detecting
a faulty nozzle is further performed. When the non-eject-
ing condition exists even after the cleaning operation, a
nozzle in the non-ejecting condition can be judged as a
faulty nozzle.

[0017] The cleaning operation can be accomplished,
for example, by forcing the ink out of the nozzles by ap-
plying appropriate pressure to an ink supply system for
the heads under a capped condition created by providing
caps capable of capping the nozzle forming surfaces of
the heads.

[0018] The mode of faulty nozzle detection is not lim-
ited to automatic detection using the faulty nozzle sens-
ing device as mentioned above, but may be manual de-
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tection. For example, firstly, a predetermined test pattern
is printed, and then a user makes a visual inspection of
the printed result to detect and specify a faulty nozzle,
and sets the faulty nozzle in the printing system.

[0019] The printing apparatus shown in Fig. 1 can se-
lect a printing medium, whether in the form of continuous
forms paper or cut sheets, as a print object. Furthermore,
the printing medium may be formed of a mount and a
label or tag sheet supported thereon, or in other forms.
[0020] Fig. 2 is a block diagram showing an example
of a general configuration of a control system of the line
type inkjet printing apparatus according to the first em-
bodiment.

[0021] As shown in Fig. 2, a controller 201 includes a
CPU 202, a ROM 203, a RAM 204, a communication
controller 208, an image memory 205, a head driver cir-
cuit 209, a motor driver 210, an input/output (I/O) unit
211, and a control circuit 212.

[0022] The CPU 202 performs processing of various
types, such as calculation, decision making and control,
by following a procedure to be described later using Fig.
7 and other procedures. The ROM 203 stores control
programs corresponding to the processing procedures
which the CPU 202 executes and other fixed data. The
RAM 204 has work areas for the CPU 202 to perform
data processing of various types, and an area for use in
a transmit/receive buffer. The communication controller
208 provides communication of required data between
the host computer 106 and the printing apparatus 107
through the communication cable 108. A USB controller,
for example, is used as the communication controller
208. Information communicated from the host computer
106 to the printing apparatus 107 includes image data to
be printed and a command to execute printing (or print-
ing). Information communicated from the printing appa-
ratus 107 to the host computer 106 includes the status
of the printing apparatus 107.

[0023] The image memory 205 is used as a unit for
arranging the image data to be printed (or printed). The
head driver circuit 209 drives the electrothermal trans-
ducers of the line heads 101 to 104 and the auxiliary line
head 114 at predetermined timings during conveyance
ofthe printing medium in accordance with the image data.
The motor driver 210 drives various motors 206 that form
a drive source for driving required for the cleaning oper-
ation for the line heads 101 to 104 and the auxiliary line
head 114, and for the printing operation. The I/O 211 is
connected to a conveyance control interface (I/F) 207 for
the conveyance unit 110 thatfeeds and conveys the print-
ing medium. The 1/0O 211 outputs a start/stop signal to
the transfer unit 110 and receives an input of a detection
signal from the printing medium sensor 111.

[0024] The control circuit 212 controls the image mem-
ory 205, the head driver circuit 209, the motor driver 210
and the 1/0 211, and also controls the operations of the
light emitting unit 112 and the photodetector 113 that
constitute the faulty nozzle sensing device. The control
circuit 212 also controls a display unit 213 disposed to
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inform a user of the status and error of the printing ap-
paratus 107.

[0025] Descriptionwill be given using Fig. 3 with regard
to how the inkjet printing apparatus having the above-
mentioned configuration performs the printing operation
under normal conditions, that is, how the line heads 101
to 104 perform their assigned operations for printing di-
vided image data. In Fig. 3, there are shown, for purposes
of illustration, the line heads as viewed from the side and
the printing medium as viewed from above. The same
goes for Figs. 8 and 9 to be discussed later.

[0026] Printing on the printing medium 109 is per-
formed according to a horizontal synchronization signal
in synchronization with the detection signal indicative of
detection of the front end of the printing medium 109 and
the timing of conveyance of the printing medium 109. As
employed herein, the horizontal synchronization signal
refers to the signal that is used to set a driving timing of
each of the line heads to be driven in sequence.

[0027] When a horizontal synchronization signal is de-
tected, a raster of data stored in the image memory 205
is transferred to the line head 101 located on the up-
stream end as viewed in the conveyance direction of the
printing medium, so that a raster image 301 is printed on
the printing medium. When the next horizontal synchro-
nization signal is detected, the next raster of image data
read out from the image memory 205 is transferred to
the line head 102 to form an image 302. When the further
next horizontal synchronization signal is detected, the
further next raster of image data read out from the image
memory 205 is transferred to the line head 103 to form
a raster image 303. When the still further next horizontal
synchronization signal is detected, the still further next
raster of image data read out from the image memory
205 is transferred to the line head 104 to form a raster
image 304. Thereafter, the line heads 101 to 104 are
used in sequence inthe same manner to printimage data
divided into raster units.

[0028] As described above, the printing apparatus ac-
cording to the first embodiment does not use the auxiliary
line head 114 for printing, when all the four line heads
configured to eject the black ink can eject the ink under
the appropriate conditions. Specifically, monochrome im-
age data arranged in contiguous areas of the image
memory 205 is read out in sequence in raster units in
synchronization with horizontal synchronization signals,
the image data is sequentially fed to and set in the four
line heads 101 to 104, and the line heads 101 to 104
perform their assigned operations for printing a mono-
chrome image. Thus, the monochrome image is printed
at a frequency up to 4 times the maximum driving fre-
quency of one line head. Consequently, this printing op-
eration achieves 4-times printing throughput, as com-
pared to printing operation using one line head.

[0029] In the first embodiment, a predetermined
number of nozzles of each line head are grouped as a
unit to form a block, and time sharing driving (or block
driving) takes place block by block in each line head.
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Description will now be given with regard to a configura-
tion and the mode of control for the block driving.
[0030] In the first embodiment, the line heads 101 to
104 and the auxiliary line head 114 are each provided
with an array of 2560 nozzles in a raster direction (here-
inafter, the nozzles are designated by the reference char-
acters seg1 to seg2560, starting with the nozzle located
on one side and ending with the nozzle located on the
other side). Each head is composed of four sections: the
nozzles seg1 to seg640 grouped as a unit, the nozzles
seg641 to seg1280 grouped as a unit, the nozzles
seg1281 to seg1960 grouped as a unit, and the nozzles
seg1961 to seg2560 grouped as a unit. In each section,
time sharing driving takes place block by block for the
purposes of reducing maximum power consumption, re-
ducing a voltage drop in each line head, and doing the
like.

[0031] Fig. 4 shows an example of an electrical con-
figuration of the electrothermal transducers and the driver
circuit therefor in the section containing the nozzles seg1
to seg640 of each head. Fig. 5 shows a timing chart of
signals from parts shown in Fig. 4. Fig. 6 shows corre-
spondences between the signals for block driving and
the nozzles seg1to seg640. The configuration and others
shown in these drawings are the same as those of the
other sections containing the nozzles seg641 to
seg1280, the nozzles seg1281 to seg1960, and the noz-
zles seg1961 to seg2560, respectively. Even in the other
sections, the nozzle indicated by the same block driving
signal is driven at the same time.

[0032] In Fig. 4, the reference numeral 222 denotes a
transistor array for power supply control, which is con-
nected, in conjunction with the electrothermal transduc-
ers, to a drive power supply (VH) line for the electrother-
mal transducers provided in the nozzles seg1 to seg640.
The transistor array 222 performs on-off control on each
electrothermal transducer.

[0033] A decoder 224 generates a signal that specifies
the timing of block selection. The decoder 224 outputs
eight timing signals in sequence according to three input
signals (or 3 bits of parallel signals) BENBO to BENB2,
and the outputted timing signals are fed to any one of
four input terminals of each of AND gates 223 connected
to the transistor array 222. ODD and EVEN select signals
are signals that select odd-numbered and even-num-
bered nozzles, respectively. The ODD or EVEN select
signal is fed to another one of the four input terminals of
each corresponding AND gate 223. In other words, the
640 electrothermal transducers are divided into 16 blocks
(BLK1 to BLK16 in Fig. 6), each of which contains 40
electrothermal transducers, by the eight timing signals
generated according to the signals BENBO to BENB2
and the ODD/EVEN select signal, and the electrothermal
transducers are subjected to time sharing driving block
by block. The signal for block selection, which is com-
posed of the eight timing signals generated according to
the signals BENBO to BENB2 and the ODD/EVEN select
signal, will be hereinafter called a "block select signal.”
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[0034] A raster of image data (or 2560 bits of data)
DATA divided into portions corresponding to the line
heads is serially transferred to shift registers 226 dis-
posed in the sections and connected in series, in syn-
chronization with a clock signal DCLK. At the completion
of an alignment of data corresponding to the nozzles, the
data is then latched into a latch circuit 225 according to
alatch signal DLT. The latched datais sent to still another
input terminal of the four input terminals of each of the
AND gates 223.

[0035] In Fig. 4, *PHX, *PHA and *MH1 denote pulses
of heat signals (where "*" denotes negative logic), which
specify time for the passage of current through the elec-
trothermal transducers in accordance with timing speci-
fied by the logic state of the block select signal. These
signals are inputted to an OR gate 227, and the ORed
output is sent to still another input terminal of the four
input terminals of each of the AND gates 223. The signal
*MH1 corresponds to the nozzles seg1 to seg640. Sig-
nals *MH2, *MH3, and *MH4 are fed to the nozzles
seg641 to seg1280, the nozzles seg1281 to seg1960,
and the nozzles seg1961 to seg2560, respectively, of the
other sections (see Fig. 5.) When there is data to be sub-
jected to the ejecting operation, the electrothermal trans-
ducer of each nozzle is then subjected to double-pulse
driving by the preceding heat pulse (or prepulse) *PHA
and any one of the following pulses (or main pulses)
*MH1 to *MH4. When there is not data to be subjected
to the ejecting operation, the heat pulse *PHX that spec-
ifies such driving time that does not effect the ejecting
operation is fed to reduce a temperature variation from
the nozzles under the ejecting operation and thus sup-
press an unevenness of image.

[0036] The block select signal and the heat signals
mentioned above are individually fed from the control cir-
cuit 212 shown in Fig. 2 to the line heads 101 to 104 and
the auxiliary line head 114, and these signals can be
independently controlled. The electrothermal transducer
of each nozzle, when selected by the block select signal,
is supplied with current for the period of time specified
by the heat pulses according to the presence or absence
of data. In the first embodiment, a raster is divided into
16 portions for the ejecting operations, and therefore the
maximum number of simultaneously driven nozzles per
line head is 160.

[0037] Description will now be given using the above
configuration with regard to complementary operation
which takes place when a faulty nozzle is detected. The
complementary operation according to the first embodi-
ment is performed in block units divided as mentioned
above by using the auxiliary line head 114.

[0038] Fig. 7 is a flowchart showing an example of the
procedure for complementary operation which is execut-
ed when a faulty nozzle is detected. When the faulty noz-
zle sensing device previously described detects a faulty
nozzle (at step S601), a determination is made as to
whether or not the complementary operation using the
auxiliary line head 114 is possible (at step S606). The
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step of making a determination can include the following
steps, for example.

[0039] Specifically, a determination is first made as to
whether or not all nozzles belonging to a block in the
auxiliary lie head 114 corresponding to a block of a line
head containing the detected faulty nozzle can normally
eject the ink. When all the nozzles can eject the ink nor-
mally, the complementary operation using the auxiliary
line head 114 is enabled. However, when a faulty nozzle
is present also in the corresponding block of the auxiliary
line head, a determination is made as to whether or not
a section of the auxiliary line head containing this faulty
nozzle corresponds to a section of the line head contain-
ing the faulty nozzle. Then, when these sections do not
correspond to each other, the complementary operation
using the auxiliary line head 114 is enabled. In contrast,
when these sections correspond to each other, the com-
plementary operation using the auxiliary line head 114
is disabled. In other words, when a faulty nozzle is de-
tectedinaline head, a determination is made as to wheth-
er or not both a block and a section containing this faulty
nozzle coincide with both a block and a section of the
auxiliary line head containing a faulty nozzle. Only when
the former block and section coincide with the latter block
and section, the complementary operation using the aux-
iliary line head 114 is disabled.

[0040] When the complementary operation using the
auxiliary line head 114 is possible, setting is made for
complementary processing to be described later (at step
S607), and the procedure is terminated. When the com-
plementary operation using the auxiliary line head 114
is impossible, a determination is made as to whether or
not printing can be executed (at step S608). The step of
making a determination can be performed in the following
manner. Specifically, when faulty nozzles are present in
all line heads and all the faulty nozzles belong to corre-
sponding blocks and sections (or matching blocks and
sections as viewed in the conveyance direction), a de-
termination is made that the printing is impossible. Oth-
erwise, a determination is made that the printing is pos-
sible.

[0041] When the execution of the printing is possible,
a determination is made as to whether or not it is neces-
sary to reduce the conveying speed of the printing me-
dium according to the number of available line heads
capable of normal printing (at step S603). It is necessary
to reduce the conveying speed, for example, when the
available line heads is less than 4. In this case, the con-
veying speed is set according to the number of the avail-
able line heads and the maximum driving frequency of
each line head. Then, the number of portions into which
image data should be divided is changed according to
the number of the available line heads, regardless of
whether or not it is necessary to reduce the conveying
speed. Then, the procedure is terminated.

[0042] In contrast, when at step S608 a determination
is made that the execution of the printing is impossible,
the printing operation is stopped. The display unit 213 of
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the inkjet printing apparatus is driven to provide an error
indication, and an error signal is transmitted to the host
computer 106 so that a display of the host computer 106
provides an error indication (at step S609). The error in-
dication may give detailed error information such as the
location of the line head having the faulty nozzle detected
therein, or may give instructions as to how to deal with
an error to a user or do the like. When at step S603 a
determination is made that it is necessary to reduce the
conveying speed of the printing medium, the display unit
213 of the inkjet printing apparatus or the display of the
host computer 106 may be used to inform the user that
the conveying speed or printing speed is reduced. When
the printing speed is reduced, a procedure may be per-
formed as given below. Aninquiry is made as to whether
or not a user accepts a reduction in the printing speed.
When the user accepts it, the printing is continued. Oth-
erwise, an error message is given to the user.

[0043] Description will now be given more specifically
with regard to complementary operation which takes
place when a faulty nozzle is detected. At this point, there
is given an instance where a faulty nozzle is detected in
the line head 102 and the faulty nozzle is seg65 belonging
to BLOCK1 of the section consisting of the nozzles seg1
to seg640 (see Fig. 6.)

[0044] In this case, when the auxiliary line head 114
does not have a faulty nozzle in BLOCK1 of the section
consisting of the nozzles seg1 to seg640, the comple-
mentary operation can be judged as being possible using
a group of nozzles belonging to BLOCK1 of the corre-
sponding section of the auxiliary line head 114. In con-
trast, when the auxiliary line head 114 has a faulty nozzle
in BLOCK?1 of the section consisting of the nozzles seg1
to seg640, the complementary operation using the aux-
iliary line head 114 is judged as being impossible.
[0045] Fig. 8 is an illustration for explaining a comple-
mentary operation using the auxiliary line head 114. Figs.
9 and 10 are timing charts of signals from parts in the
line head having the faulty nozzle detected therein and
the auxiliary line head, respectively.

[0046] When the front end of the printing medium 110,
after the start of the conveying operation, is detected by
the printing medium sensor 111, an issue of a horizontal
synchronization signal in synchronization with the con-
veyance of the printing medium is started. The horizontal
synchronization signal is generated by converting an out-
put signal from means (not shown), such as a rotary en-
coder, provided on the conveying path. When the printing
head has a resolution of, for example, 600 dots per inch
(as a reference value), a pulse of a horizontal synchro-
nization signal is sent out every time the printing medium
110 travels a distance equal to a dot pitch, specifically,
42.3 pm. When the design value of the distance between
the printing medium sensor 111 and the line head 101
located on the upstream end is 2 inches, 1200 pulses of
horizontal synchronization signals are sent out during the
period of time between the detection of the front end of
the printing medium by the printing medium sensor 111
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andthe arrival of the frontend thereof atthe line head 101.
[0047] When a further travel of the printing medium
109 results in a print starting point reaching the underside
of the line head 101, a raster of data of a top portion
stored in the image memory 205 is transferred to the line
head 101 so that a top raster image is printed on the
printing medium. Thereafter, the line head 101 performs
such intermittent image printing that involves printing a
raster image for every advance in four pulses of horizon-
tal synchronization signals.

[0048] When the position of the second raster from the
top then reaches the underside of the line head 102, an
image of the second raster from the top is printed on the
printing medium. If the design value of the distance be-
tween the line heads is 1 inch, the line head 102 starts
printing after about 600 pulses of horizontal synchroni-
zation signals have been sent out as counted since the
start of printing by the line head 101. Thereafter, the line
head 102 likewise performs such intermittentimage print-
ing thatinvolves printing a rasterimage for every advance
in four pulses of horizontal synchronization signals.
[0049] Thereafter, the line heads 103, 104 and 114, in
turn, on the downstream side likewise make up for print-
ing of intermittent raster portions to start completing an
image, every time about 600 pulses of horizontal syn-
chronization signals are sent out.

[0050] Description will be given focusing attention on
rasters 701 to 704 in the process of image printing after
further progress.

[0051] When the position of the raster 702 reaches the
underside of the printing head 102, image data of the
raster is read out from the image memory 205 and trans-
ferred to the line head 102. At this time, the block select
signal and the heat signal are appropriately controlled to
make valid driving of the nozzles belonging to BLOCK2
to BLOCK16 of the section consisting of seg1 to seg640
and driving of all the nozzles belonging to BLOCK1 to
BLOCK16 of each of the sections consisting of seg641
to seg1280, seg1281 to seg1960, and seg1961 to
seg2560, respectively. In other words, the main pulse
MH1 alone is made invalid at the timing when the line
head 102 is such that BEO=0 , BE1=0, BE2=0, ODD=1,
and EVEN=0 (see Fig. 9.) Thus, the raster portion 702
(or a group of dots shown by black circles in Fig. 8) is
formed. As this point in time, the printing medium goes
ahead with a faulty-nozzle-containing block 705 unprint-
ed. After passing under the printing head 102, the raster
702 reaches the underside of the auxiliary line head 114
at the time when about 1800 pulses of horizontal syn-
chronization signals are sent out.

[0052] Since the auxiliary line head 114 is preloaded,
in the same order, with the same data as the image data
read out for the printing head 102, the image data of the
raster 702 is read out from the image memory 205 and
transferred to the auxiliary line head 114.

[0053] Atthistime, the block select signal and the heat
signal are appropriately controlled to make valid only driv-
ing of the nozzles belonging to BLOCK1 of the section
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consisting of seg1 to seg640. In other words, the main
pulse MH1 alone is made valid at the time when the aux-
iliary line head 114 is such that BEO=0 , BE1=0, BE2=0,
ODD=1, and EVEN=0 (see Fig. 10.) Thus, the raster im-
age portion 705 (or hatched dots in Fig. 8) is formed to
complement an image.

[0054] Description will now be given with regard to an
operation which takes place when the auxiliary line head
114 has a faulty nozzle in BLOCK1 of the section con-
sisting of seg1 to seg640, and accordingly the comple-
mentary operation using the auxiliary line head 114 is
judged as being impossible.

[0055] Here, assume that the other line heads 101,
103 and 104 do not contain a faulty nozzle, and thus a
determination is made that these three line heads can
be used to continue to print. In this case, a determination
is made as to whether or not the current conveying speed
of the printing medium 109 allows the other three line
heads to perform the printing, according to the period of
the horizontal synchronization signal. When the convey-
ing speed does not permit the printing, the conveying
speed is then controlled to decrease to a speed that per-
mits the printing. The maximum conveying speed that
permits the printing is proportional to the number of print-
ing heads. Thus, a control program can be used to preset
in a table the maximum speed that permits the printing
according to the number of printing heads and to appro-
priately read out and use the set speed. After the setting
of the speed that permits the printing, the number of por-
tions into which image data should be divided is changed
from "4" to "3".

[0056] Fig. 11 shows the results of printing, which are
obtained when the three line heads 101, 103 and 104
capable of printing are used to print rasters 801 to 803
in the process of image printing.

[0057] When a print starting point reaches the under-
side of the line head 101, a raster of data of a top portion
stored in the image memory 205 is transferred to the line
head 101 so that a top raster image is printed on the
printing medium. Thereafter, the line head 101 performs
such intermittent image printing that involves printing a
raster image for every advance in three pulses of hori-
zontal synchronization signals.

[0058] When the position of the second raster from the
top then reaches the underside of the line head 103, an
image of the second raster from the top is printed on the
printing medium. Since the design value of the distance
between the line heads is set to 1 inch, the line head 103
starts printing after about 1200 pulses of horizontal syn-
chronization signals are sent out as counted since the
start of printing by the line head 101. Thereafter, the line
head 103 likewise performs such intermittentimage print-
ing thatinvolves printing a rasterimage for every advance
in three pulses of horizontal synchronization signals.
[0059] When about 600 pulses of horizontal synchro-
nization signals are further sent out, the line head 104
performs printing to start completing an image.

[0060] As described above, when the complementary
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operation using the auxiliary line head 114 is impossible,
the line heads other than the line head 114, that is, the
normal line heads having no faulty nozzles, are used for
printing, and thereby achieving image formation without
degradation of printing quality although resulting in the
decreased printing speed.

[0061] As described above, the printing apparatus ac-
cording to the first embodiment uses the auxiliary line
head to perform the complementary operation block by
block in a spatially corresponding section, that is, a cor-
responding section positions as viewed in the conveying
direction, according to the timing of the block select sig-
nal. This enables the complementary operation by con-
trolling the reading and transfer of image data in raster
units arranged in the image memory and by controlling
the signal state of the heat signal (or the main heat pulse).
Consequently, the printing apparatus according to the
first embodiment eliminates a faulty nozzle complement-
ing operation that involves image data re-arrangement,
mask data generation, mask data storing means, and so
on, and thus achieves the effect of being able to maintain
high-quality printing using a simple configuration without
causing a decrease in the printing speed.

[0062] Moreover, when the complementary operation
using the auxiliary line head is impossible, the printing
apparatus according to the firstembodiment changes the
number of portions into which image data should be di-
vided according to the number of line heads capable of
printing operation, and also sets an appropriate convey-
ing speed of the printing medium according to the number
of the line heads. This enables image formation without
degradation of the printing quality, while minimizing a de-
crease in the printing speed.

[0063] Although the description has been given to the
above first embodiment with regard to the operation
which takes place when a faulty nozzle is detected in one
of the line heads other than the auxiliary line head, it is
understood that the presentinvention is not limited to the
above. Even when faulty nozzles are detected in two or
more of the printing heads other than the auxiliary line
head, the auxiliary line head can be used to achieve high-
quality printing without reducing the printing speed, un-
less blocks having the faulty nozzles detected therein
coincide with corresponding blocks of the auxiliary line
head.

[0064] In the above first embodiment, four line heads
and one auxiliary line head are used for normal printing.
However, it will be, of course, understood that the num-
bers of heads given above are illustrative only and the
appropriate numbers of heads may be used.

[0065] Although the printing apparatus according to
the first embodiment mentioned above is provided with
the auxiliary line head fixedly intended for the purpose,
the line head to function as the auxiliary line head may
appropriately change from one to another of plural line
heads. Specifically, any one of the plural line heads may
be cyclically or randomly prepared to act as the auxiliary
line head, for example, every time a predetermined
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amount of image printing occurs. Alternatively, the print-
ing apparatus may be configured in the following manner:
when a faulty nozzle is detected in one of the line heads,
this line head having the faulty nozzle is set up to act as
the auxiliary line head for next printing, and the line head
that has been prepared to act as the auxiliary line head
is switched to the line head for use in normal printing.
When a faulty nozzle is then detected in any of the line
heads, the printing apparatus may perform the same
processing as described above. Specifically, the printing
apparatus may compare a block having the faulty nozzle
detected therein to a faulty-nozzle-containing block of
the line head set up to act as the auxiliary line head.

(Second embodiment)

[0066] Fig. 12 is a conceptual illustration showing an
example of a general configuration of a printing system
according to a second embodiment of the present inven-
tion. In Fig. 12, corresponding parts configured in the
same manner as described for the first embodiment are
designated by the same reference numerals. As is ap-
parent from Fig. 12, the system according to the second
embodiment is not provided with the auxiliary line head
and is provided with only the four line heads 101 to 104
that are used for printing under normal conditions.
[0067] A control system of the printing system accord-
ing to the second embodiment is also configured in the
same manner as shown in Fig. 2. However, this control
system is adapted for the configuration not having the
auxiliary line head 114.

[0068] The printing operation of the printing system un-
der normal conditions is also the same as the operation
described for the first embodiment using Fig. 3, specifi-
cally the assigned printing operations of the line heads
101 to 104 without the use of the auxiliary line head 114.
[0069] Also inthe second embodiment, the block driv-
ing mentioned above takes place in each line head. A
configuration for the block driving and the mode of control
therefor under normal printing conditions are the same
as the configuration and mode according to the first em-
bodiment described using Figs. 4 to 6.

[0070] Description will now be given using the above
configuration with regard to complementary operation
which takes place when a faulty nozzle is detected. The
complementary operation according to the second em-
bodiment is performed in divided block units as men-
tioned above.

[0071] Fig. 13 is a flowchart showing an example of a
procedure for complementary operation which is execut-
ed when a faulty nozzle is detected. When the faulty noz-
zle sensing device previously described detects a faulty
nozzle (at step S701), a determination is made as to
whether or not the faulty nozzle is present in only one
line head (at step S702).

[0072] When the faulty nozzle is present in only one
line head, printing is executed using the other three line
heads capable of normal printing, and a determination is
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made as to whether or not it is necessary to reduce the
conveying speed of the printing medium according to the
number of other line heads (i.e., three) (at step S703).
Specifically, a decline in the number of line heads con-
taining no faulty nozzles requires a lower conveying
speed than the maximum printing speed achieved by
printing using the four line heads, according to the max-
imum printing frequency of the other line heads. Thus, a
determination is made as to whether or not the printing
operation can be executed at the currently set conveying
speed as it is. It is necessary to reduce the conveying
speed, when the maximum printing speed is an initially
set speed. In this case, the conveying speed is set ac-
cording to the number of the other line heads and the
maximum driving frequency of each line head. Then, the
number of portions into which image data should be di-
vided is changed according to the number of the available
line heads, regardless of whether or not it is necessary
to reduce the conveying speed (at step S705). Then, the
procedure is terminated.

[0073] When faulty nozzles are present in two or more
line heads at step S702, a determination is made as to
whether or not complementary operation using the rela-
tion between the line heads is possible (at step S706).
The step of making a determination, for example, can be
performed by the following steps.

[0074] Specifically, as for the relation between the line
heads containing the faulty nozzles, a determination is
first made as to whether or not blocks included respec-
tively in the line heads and containing the faulty nozzles
coincide with each other. When the blocks do not coincide
with each other, the complementary operation is imme-
diately judged as being possible. When the blocks coin-
cide with each other, a determination is made as to
whether or not sections having the faulty nozzles corre-
spond to each other. When the sections do not corre-
spond to each other, the complementary operation is en-
abled. When the sections correspond to each other, the
complementary operation is disabled. In other words,
when faulty nozzles are detected in two or more line
heads, a determination is made as to whether not only
the blocks containing the faulty nozzles but also the sec-
tions containing the faulty nozzles overlap with each oth-
er. Only when both of the blocks and the sections coincide
with each other, the complementary operation is disa-
bled.

[0075] Whenthe complementary operationis possible,
setting is made for complementary processing to be de-
scribed later (at step S707), and the procedure is termi-
nated. When the complementary operation is impossible,
a determination is made as to whether or not printing can
be executed (at step S708). The step of making a deter-
mination can be performed in the following manner. Spe-
cifically, when faulty nozzles are present in all line heads
and the faulty nozzles belong to corresponding blocks
and sections (or matching blocks and sections as viewed
in the conveying direction), a determination is made that
the printing is impossible. Otherwise, a determination is
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made that the printing is possible.

[0076] When a determination is made that the execu-
tion of the printing is possible at step S708, the procedure
goes to step S703, where the process for reducing the
conveying speed or other processes are then executed.
When a determination is made that the execution of the
printing is impossible at step S708, the printing operation
is stopped. The display unit 213 of the inkjet printing ap-
paratus is driven to provide an error indication, and an
error signal is transmitted to the host computer 106 so
that the display of the host computer 106 provides an
error indication (at step S709). The error indication may
give detailed error information such as the locations of
the line heads having the faulty nozzles detected therein,
or may give instructions to a user on how to deal with an
error or do the like. When a determination is made that
itis necessary to reduce the conveying speed of the print-
ing medium at step S603, the display unit 213 of the inkjet
printing apparatus or the display of the host computer
106 may be used to inform the user that the conveying
speed or the printing speed is reduced. When the printing
speed is reduced, a procedure may be performed as giv-
en below. An inquiry is made as to whether or not a user
accepts a reduction in the printing speed. When the user
accepts it, the printing is continued. Otherwise, an error
message is given to the user.

[0077] Description will now be given more specifically
with regard to the printing operation which takes place
when a faulty nozzle is detected. At this point, assume
that a faulty nozzle is detected only in the line head 102,
and that the other line heads 101, 103 and 104 do not
contain a faulty nozzle.

[0078] In this case, a determination is made as to
whether or not the current conveying speed of the printing
medium 109 allows the other three line heads to perform
the printing, according to the period of the horizontal syn-
chronization signal. When the conveying speed does not
permit the printing, the conveying speed is then control-
led to decrease to a speed that permits the printing. The
maximum conveying speed that permits the printing is
proportional to the number of printing heads. Thus, acon-
trol program can be used to presetin a table the maximum
speed that permits the printing according to the number
of printing heads, and to appropriately read out and to
use the set speed. After setting the speed that permits
the printing, the number of portions into which image data
should be divided is changed from "4" to "3."

[0079] Thereafter, the three line heads 101, 103 and
104 capable of printing perform the printing operation.
This printing operation is the same as the operation de-
scribed, for example, in the first embodiment using Fig.
11, specifically the assigned printing operations of the
line heads 101, 103 and 104 without the use of the aux-
iliary line head 114.

[0080] In short, in the second embodiment, the other
three line heads are used for printing when a faulty nozzle
is present in only one line head. In this case, the normal
line heads containing no faulty nozzles are used to per-
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form printing in raster units, thus achieving image forma-
tion without degradation of the printing quality, although
causing a decrease in the printing speed from the max-
imum printing speed if the maximum printing speed
achieved by using the four line heads is the initially set
speed.

[0081] However, assume that a faulty nozzle is then
detected also in the line head 103, for example. In this
case, at the above step S706 a determination is made
as to whether or not the complementary operation is pos-
sible according to the relation between the line heads
102 and 103 in which the faulty nozzles are present. At
this point, assume that both of the sections and the blocks
having the faulty nozzles detected in the line heads 102
and 103 do not coincide with each other. In this case, the
complementary operation for the faulty nozzles in the line
heads 102 and 103 can be performed by appropriately
controlling driving of the line heads 102 and 103.
[0082] Fig. 14 is an illustration for explaining the com-
plementary operation using the relation between the line
heads in which the faulty nozzles are present. Timing
charts of signals from parts in the line heads 102 and 103
having the faulty nozzles are the same as the timing
charts of Figs. 10 and 9, respectively, referred in the first
embodiment. At this point, assume that the faulty nozzle
detected in the line head 103 is seg65 belonging to
BLOCKH1 of the section consisting of seg1 to seg640 (see
Fig. 6) and the section and the block do not coincide with
the section and the block, respectively, containing the
faulty nozzle detected in the line head 102.

[0083] When a horizontal synchronization signal is de-
tected, a raster of data stored in the image memory 205
is transferred to the line head 101 located on the up-
stream end as viewed in the conveying direction of the
printing medium, so that a raster image 901 is printed on
the printing medium.

[0084] When a next horizontal synchronization signal
is detected, a next raster ofimage data read out from the
image memory 205 is transferred to the line head 102.
At this time, the block select signal and the heat signal
are appropriately controlled to make valid only driving of
the nozzles belonging to BLOCK1 of the section consist-
ing of seg1 to seg640. In other words, the main pulse
MH1 alone is made valid at the time when the line head
102 is such that BEO=0, BE1=0, BE2=0, ODD=1, and
EVEN=0 (see Fig. 10.) Thus, a portion 905 of a raster
902 (or hatched dots in Fig. 14) is formed. This is the
portion which the line head 103 cannot print. At this time,
the nozzles belonging to the sections and the blocks other
than BLOCK1 are not driven, including the section and
the block containing the faulty nozzle detected in the line
head 102.

[0085] When a further next horizontal synchronization
signal is detected, the same data as the raster of data
transferred to the line head 102 is transferred to the line
head 103. At this time, the block select signal and the
heat signal are appropriately controlled to make valid
driving of the nozzles belonging to BLOCK2 to BLOCK16
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of the section consisting of seg1 to seg640 and driving
of all the nozzles belonging to BLOCK1 to BLOCK16 of
each of the sections consisting of seg641 to seg1280,
seg1281 to seg1960, and seg1961 to seg2560, respec-
tively. In other words, the main pulse MH1 alone is made
invalid at the time when the line head 102 is such that
BEO=0, BE1=0, BE2=0, ODD=1, and EVEN=0 (see Fig.
9.) Thus, the raster portion 902 (or a group of dots shown
by black circles in Fig. 14) is formed to complement an
image including the portion which the line head 102 can-
not print.

[0086] When a still further next horizontal synchroni-
zation signal is detected, a next raster ofimage data read
out from the image memory 205 is transferred to the line
head 104 to form a raster image 903.

[0087] Thereafter, the line heads 101 to 104 are used
in the same manner to form an image without a substan-
tial reduction in the printing speed and the printing quality.
[0088] As described above, the printing apparatus ac-
cording to the second embodiment uses the relation be-
tween the line heads having the faulty nozzles to perform
the complementary operation block by block in a spatially
corresponding section, that is, a corresponding section
in relative positions as viewed in the conveying direction,
according to the timing of the block select signal. This
enables the complementary operation by controlling the
reading and transfer of image data in raster units ar-
ranged in the image memory and by controlling the signal
state of the heat signal (or the main heat pulse). Conse-
quently, the printing apparatus according to the second
embodiment eliminates the faulty nozzle complementing
operation that involves image data re-arrangement,
mask data generation, mask data storing means, and so
on, and thus achieves the effect of being able to maintain
high-quality printing using a simple configuration.
[0089] As described above, in the second embodi-
ment, when faulty nozzles are detected in two line heads,
the nozzles of normal blocks complement each other to
print a raster of image data, and the four line heads print
three rasters of data at a time. Accordingly, even when
faulty nozzles are detected in two line heads, printing can
be therefore executed at the same printing speed as that
of three normal line heads. In other words, the printing
apparatus according to the second embodiment
achieves the effect of being able to continue to print with-
out having to uniquely reduce the printing speed up to
the speed proportional to the number of normal heads,
thatis, without causing a substantial decrease in the print-
ing speed, as in the case of conventional apparatuses.
[0090] The description has been given to the above
second embodiment with regard to the operation which
takes place when faulty nozzles are detected in two line
heads. Even when faulty nozzles are detected in three
or more printing heads, however, high-quality printing
can be achieved without producing situations where
printing becomes quite impossible or the printing speed
decreases significantly, unless the blocks having the
faulty nozzles coincide with each other. In short, even
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when faulty nozzles are present in all the four line heads,
printing can be continued unless the blocks having the
faulty nozzles coincide with each other in all the line
heads. For example when the blocks having the faulty
nozzles are different from each other in all the line heads
or when the blocks having the faulty nozzles coincide
with each other in only two line heads, the relation be-
tween a pair of line heads, the faulty-nozzle-containing
blocks of which do not coincide with each other, can be
used to execute printing at the same printing speed as
that of two normal line heads.

[0091] In the second embodiment, the relation be-
tween the line heads having the faulty nozzles is used
for the complementary operation. When a faulty nozzle
is detected in one line head, another normal line head,
however, may be used for the same complementary op-
eration as mentioned above.

[0092] The description has been given to the above
second embodiment with regard to the processing per-
formed when a faulty nozzle is first detected in one line
head and then a faulty nozzle is detected in another line
head. When faulty nozzles are detected in two or more
line heads in the very beginning, the conveying speed of
the printing medium, however, may be set for the com-
plementary operation at that point in time.

[0093] In the above second embodiment, four line
heads are used for normal printing. However, it is, of
course, understood that the number of line heads is il-
lustrative only and the appropriate number of line heads
may be used.

(Others)

[0094] The printing apparatus according to the firstem-
bodiment is provided with the auxiliary line head. When
a faulty nozzle is detected in one of the line heads for
use in normal printing, the auxiliary line head comple-
ments the printing operation of the line head having the
faulty nozzle. When the complementary operation is im-
possible, normal line heads alone are used to continue
to print. The printing apparatus according to the second
embodiment is not provided with the auxiliary line head
butusestherelation between two line heads having faulty
nozzles to complement the printing operation of one line
head. However, these embodiments may be appropri-
ately used in combination. For example, the printing ap-
paratus is provided with the auxiliary line head, while the
apparatus may use other line heads for the complemen-
tary operation if the auxiliary line head cannot comple-
ment the printing operation of the line head having the
faulty nozzle, when a faulty nozzle is detected in a line
head.

[0095] In the inkjet printing apparatuses according to
the above embodiments, each use the line heads formed
of an array of nozzles with the width corresponding to
the width of the printing medium to be conveyed. How-
ever, the range of the array of nozzles is not limited to
the above but may be at least a portion of the width cor-
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responding to the width of the printing medium. As for
the direction of the array of nozzles, the array of nozzles
may be oriented in any direction, provided that it crosses
the conveying direction of the printing medium.

[0096] In the above embodiments, the predetermined
number of nozzles of each line head is grouped as a unit
to form a block, and time sharing driving (or block driving)
takes place block by block in each line head. However,
the mode of control is not necessarily limited to the block
driving in units of the predetermined number of nozzles
but may be in any form, provided that the nozzles are
subjected to time sharing driving. In light of the principles
of the present invention that, for the complementary op-
eration, the same divided image data is fed to one printing
head and a different printing head, and the printing op-
eration of the one printing head is made invalid only at a
driving timing of a poorly ejecting nozzle, and the printing
operation of the different printing head is made valid only
at a driving timing of a corresponding nozzle. In other
words, the number of nozzles included in each block may
be appropriately set.

[0097] Furthermore, the description has been given to
the above embodiments with regard to an instance where
black ink is used to print a monochrome image. As for
any ink other than the black ink, the present invention,
however, may be applied to an instance where plural line
heads are disposed to print a color image while appro-
priately dividing image data. In this case, it is, of course,
understood that the number of types of color used may
be appropriately set.

[0098] Stillfurthermore, the description has been given
to the above embodiments with regard to the inkjet print-
ing apparatus using the inkjet printing heads, each having
an electrothermal transducer that produces thermal en-
ergy as the energy used for ink ejection. However, it is,
of course, understood that the present invention may be
appliedtoaninkjet printing apparatus using inkjet printing
heads, each having a piezoelectric element or the like
that produces other energy, such as mechanical energy.

Claims

1. An inkjet printing apparatus including a plurality of
inkjet printing heads for the same color ink arranged
side by side in the conveying direction of a printing
medium, each head formed of an array of nozzles
for ink ejection in a direction crossing the conveying
direction, the apparatus capable of dividing image
data into pieces corresponding to the nozzle arrays,
feeding the divided image data to the plurality of
inkjet printing heads, and printing the divided image
data, comprising:

complementing means which, when a poorly
ejecting nozzle is present in one ink jet printing
heads, causes a corresponding nozzle of anoth-
er inkjet printing head to complement printing
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operation assigned to the poorly ejecting nozzle,
wherein

the complementing means feeds the same
piece of divided image data to the one inkjet
printing head and the other inkjet printing head,
and

the complementing means makes invalid the
printing operation of the one inkjet printing head
only atadriving timing of the poorly ejecting noz-
zle, and makes valid the printing operation of
the other inkjet printing head only at a driving
timing of the corresponding nozzle.

An inkjet printing apparatus as claimed in claim 1,
wherein the other inkjet printing head is provided to
perform the complementarity.

An inkjet printing apparatus as claimed in claim 2,
comprising driving means which drives the respec-
tive inkjet printing heads in a time sharing manner
with the respective inkjet printing heads divided into
a plurality of blocks containing a plurality of nozzles,
when printing the divided image data, wherein

the complementing means controls the driving
means so that the printing operation of the one inkjet
printing head is made invalid only at the timing of
driving a block containing the poorly ejecting nozzle
in the time sharing manner, and that the printing op-
eration of the other inkjet printing head is made valid
only at the timing of driving a block containing the
corresponding nozzle in the time sharing manner.

An inkjet printing apparatus as claimed in claim 1,
wherein the other inkjet printing head is the inkjet
printing head in which a nozzle other than the cor-
responding nozzle is in a poorly ejecting condition.

An inkjet printing apparatus as claimed in claim 4,
comprising driving means which drives the respec-
tive inkjet printing heads in a time sharing manner
with the respective inkjet printing heads divided into
a plurality of blocks containing a plurality of nozzles,
when printing the divided image data, wherein

the complementing means controls the driving
means so that the printing operation of the one inkjet
printing head is made invalid only at the timing of
driving a block containing the poorly ejecting nozzle
in the time sharing manner, and that the printing op-
eration of the other inkjet printing head is made valid
only at the timing of driving a block containing the
corresponding nozzle in the time sharing manner,
and

the poorly ejecting nozzle of the other inkjet printing
head belongs to a block other than the block con-
taining the corresponding nozzle.

An inkjet printing apparatus as claimed in any one
of claims 1 to 5, wherein the printing operation is
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made valid or invalid according to the presence or
absence of the supply of a driving signal for the ink
ejection.
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