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Abstract. Recently, inkjet-printing industry demands high-speed
and single-pass printing that requires simultaneous jetting of a large
number of ejectors. As a result, the jetting reliability has become
an important issue in most industrial inkjet-printing applications.
To ensure the jetting reliability, a real-time monitoring of the jetting
status is needed. Since the monitoring process should not interrupt
the printing process, the monitoring time for all of the nozzles should
be less than 1 second. For this purpose, the authors developed two
module prototypes to monitor the commercial inkjet heads with 1024
nozzles: (1) a head driver with an internal self-sensing capability;
(2) an external monitoring module that can be used for third-party
drivers. To deal with a large number of nozzles effectively, the
authors are proposing a parallel sensing scheme that can be used to
monitor multi-head jetting. Lastly, the authors verified our monitoring
scheme by using a drop visualization system for a comparison of the
monitoring results with the droplet jetting images. (© 2017 Society
for Imaging Science and Technology.
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INTRODUCTION

The application of inkjet technology has broadened from
desktop printers to various industries.! To increase the
productivity when using inkjets, recent industrial printing
systems may require a single-pass printing system that is
based on simultaneous jetting of numerous printheads. As
aresult, an inkjet system may use more than 100,000 nozzles
per system, and the monitoring of each ejector becomes very
complex in most industrial printing systems.> To monitor
the jetting status of each nozzle during the printing process,
the monitoring time should be as short as 1 second to avoid
an interruption of the process. The previous vision-based
measurements of frozen droplet images in flight may not
be suitable for the scanning of all the nozzles during the
printing process.!**~® Alternatively, to diagnose the head
nozzle status, the printed patterns on substrates can be used
to determine whether the printed image from a specific
nozzle has abnormalities.”~® The use of the printed patterns
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could be an effective method for the initial diagnosis of
the inkjet head operation prior to the printing process,
but it is difficult to use for real-time jetting monitoring.
Note that some of the nozzles in the inkjet heads can
become non-jetting condition during the printing process,
so it is important to detect the abnormality immediately
via real-time monitoring. A recent proposal is to use piezo
self-sensing signals to detect inkjet failures efficiently.!%13 A
piezo inkjet head uses a piezo actuator to jet ink droplets.
The piezo actuator can also be used to sense the pressure
wave of ink inside the inkjet dispenser; this method uses
only electrical signals from the inkjet head and does not
require any mechanical fixture or hardware. As a result, the
hardware could be simple and the position control of the
cameras or sensors to measure the jetted droplets from the
specific nozzle would not be required. Given this advantage,
our group’s previous study reported that the monitoring time
could be reduced to a duration as short as 1 second for the
case of 128 (or 256) nozzles.!%13

However, recent inkjet heads comprise 1024 or more
ejectors in order to meet high throughput printing require-
ments. In addition, numerous heads are commonly used
for single-pass printing.>> In this article, we have improved
the self-sensing-based inkjet monitoring module in order
to monitor more than 1024 nozzles without increasing the
monitoring time. The proposed method is based on parallel
sensing schemes so that many ejectors can be monitored
simultaneously. To implement the proposed parallel sensing
scheme in a commercial printhead, we developed two types
of monitoring modules: (1) an inkjet driver with sensing and
monitoring capability, and (2) an external module that can be
used in third-party inkjet drivers. The proposed self-sensing
monitoring module is based on the low-cost and high-speed
scanning methods that are discussed in Ref. 13. Since the
sensing module can be quite small, it was possible to integrate
it into the existing inkjet drivers without increasing the total
size of the driver, whereby the driver itself could perform
the monitoring. Alternatively, the advantage of the external
module is a wider selection of printing drivers to choose
from; for example, a printing-system developer does not need
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Figure 1. Nozzle scheme for the SG1024 printhead. (a) Nozzle layout. (b) Module layout (magnified nozzle layout).

to replace the existing driver to monitor the jetting status of
the head.

A commercially available inkjet head with 1024 ejectors
(SG1024, Fujifilm Dimatix, U.S.A.) was used for the feasi-
bility testing of both prototypes. For the verification of the
hardware module and the software algorithm, we developed
a drop visualization system for the SG1024 to compare the
results of the self-sensing monitoring with a vision-based
jetting image. The real-time monitoring capability of the pro-
posed self-sensing modules was demonstrated by showing
the nozzle-status updates at the setting-time intervals.

Self-sensing Algorithm for 1024 Ejectors

To extract the piezo self-sensing signals from the inkjet
head, electronic sensing circuits should be inserted between
the driver and the inkjet head. In the authors’ previous
study, a low-cost and high-speed monitoring method was
discussed.'? To monitor the jetting status of an inkjet head
with 128 (or 256) nozzles (S-class and Q-class heads, Fujifilm
Dimatix, USA), a bridge circuit was modified to measure
the self-sensing components in the electrical currents from
two independent drivers.!?"!3 Then, a signal-processing
algorithm was developed to calculate the nozzle status of the
128 or 256 nozzles.

However, the number of nozzles in the recent inkjet
printheads has been increased beyond 1024 nozzles; in
addition, the monitoring methods should be extended to
multi-head systems. The critical issues for inkjet monitoring
might be the requisite monitoring time for the scanning of
that many nozzles. For this purpose, a new parallel-based
scanning method is being proposed in the present article
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for simultaneous monitoring of numerous nozzles that can
minimize the monitoring time.

For the practical implementation of the proposed
method, a commercial head (Fujifilm Dimatix head, model
SG1024) was used. The SG1024 printhead is a 400 dpi,
1024-nozzle printhead, with 8 rows of 128 nozzles each, and
the spacing of each row is 50 dpi, as shown in Figure 1(a).

Fig. 1(b) shows the nozzle numbering of the SG1024
nozzle layout in Fig. 1(a). The nozzles are numbered sequen-
tially, so that the x-direction distance between the adjacent
nozzle numbers can be 0.0635 mm, which corresponds to 400
dpi. For example, the distance between the nozzle numbers 1
and 2 in the x-direction is 0.0635 mm, but the nozzles are
not located in the same row. The numbering of the adjacent
nozzles in each row differs by a value of 8, so the distance
between them is represented by 0.0635 x 8 =0.508 mm.

The nozzles in the same row share the driving voltage
from the single driver; eight independent driving voltages (8
drivers) are used to drive the 1024 nozzles. Note that the use
of shared drivers for driving many nozzles (e.g., 128 nozzles
per driver) has been common because of the advantage of
cost reduction regarding driver electronics. In the SG1024
head, one module consists of two adjacent nozzle rows and
one head comprises four modules, as shown in Fig. 1(b).
In terms of the driver electronics, one module corresponds
to one 256-nozzle head (Q-class, Fujifilm Dimatix, U.S.A.).
Note that the previous method used only a single circuit and
only one data-acquisition channel to monitor a Q-class (256
nozzles) printhead.'? In this study, we used four self-sensing
circuits and four channels for the data acquisition to monitor
the four modules of 256 nozzles each. Here, the critical
issue is to develop the algorithm for a fast scanning of all
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Figure 2. Parallel scanning scenario for Ngye = 3.

the nozzles irrespective of the number of nozzles, modules,
and heads. To better explain the proposed parallel scanning
method for fast scanning, we present an example using
three-time averagings (Nave = 3) for each nozzle without
loss of generality, as illustrated in Figure 2. To average the
self-sensing signals, the repeated jetting of each nozzle was
used to acquire the repeated self-sensing signal. Note that
each jetting trigger should be used for the data acquisition.
It is important to make sure that one nozzle in each
module should be jetted (or excited for pressure-wave
generation) to monitor that particular nozzle. Otherwise,
signals from other nozzles will appear in the measured
signal, and the jetting status of a specific nozzle cannot be
detected.!? As a result, for the SG1024 head, up to four
nozzles can be simultaneously jetted for scanning purposes.
Fig. 2 shows the jetting scanning scenario to minimize the
scanning time by jetting four nozzles from each module
simultaneously. For the example of three averagings, the first
three triggers will jet four nozzles (1,2,3,4) simultaneously
while the other nozzles are turned off. The next three triggers
will jet the next four nozzles (5,6,7,8) simultaneously. As a
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result, the total number of jetting triggers can be reduced, and
the time required to scan all 1024 nozzles is equivalent to that
for 256 nozzles. The required scanning time, Tscan, for 1024
nozzles can be written as follows:

Tscan:(Nave*256)/F- (1)

Here, the scanning frequency, F, is fixed throughout the
scanning process, and the jetting nozzles are switched in
order to scan all the nozzles according to the scanning
scenario during the time intervals between jetting triggers.

The sequential scanning scenario described in Fig. 2 is
similar to the bitmap printing of a specific pattern. Therefore,
the scenario-based parallel scanning scenario can be easily
implemented for any printing driver by uploading the
printing data (a bitmap) that will generate scanning jetting
according to externally or internally generated triggers. Note
that the trigger signal for scanning is not generated by the
encoder of the motion stages, but is internally generated at
a setting frequency that is different from that of the printing
process.
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Figure 4. Prototype of external module. (a) Connector to access the
driving signal from the SG1024. (b) External module.

It is always recommended to use a higher scanning
frequency for faster scanning of all the nozzles. However,
a scanning frequency limitation also exists because of the
data-acquisition necessity. In this study, 100 data samples
(Ndata = 100) were acquired per jetting trigger signal
(data-acquisition trigger) with a sampling rate of 1 mega
samples per second (MS/s). For this data-acquisition time,
the scanning frequency should be lower than 10 kHz.

The generated pressure wave inside a head will not
fully decay before the next jetting trigger when the jetting
frequency is highz’z consequently, the sensing signals
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could be different according to the scanning frequency. In
this study, a scanning frequency of F =9 kHz was used
throughout the experiment. For a fixed scanning frequency,
the number of averagings (Nave) is the only factor that
can affect the total scanning time, Tscan, as discussed in
Eq. (1). However, if the number of averagings is reduced,
the diagnosis can be less accurate if there is electrical noise.
Considering the trade-off, 10 averagings (Nave = 10) were
used; so the total scanning time for the scanning of the 1024
nozzles is 0.28 seconds. During the scanning process, the
sampled sensing data were stored in the memory of each
module in sequential order. The amount of sampled data
after scanning would be N} .1024*Ngat, Where Nye = 10
and Ngata = 100. The repeated sensing data of each nozzle
were averaged in the firmware so that the data requiring
data transfer to a PC for further analysis could be reduced to
1024*100. Note that we did not use the first several dozen
sampled data out of each 100 in the detection algorithm,
because initial sensing signals are likely to be affected by the
driving signal.

To detect the jet failures using the self-sensing signals,
the reference signals, measured at normal jetting conditions,
x;> had to be compared to the monitoring signal, x;". Here,
the reference signals represent the normal jetting condition,
and we had eight different reference signals, since the SG1024
head comprises eight independent drivers.

To calculate the nozzle status, two different methods can
be used: (1) the cosine value of two signals, or (2) the variance
value 12213

The cosine value of each nozzle between the reference
and monitoring signals (or vectors), Ck, of the nozzle
number, k, is defined as follows:

r m
.xk '.xk

=TT

)

Sept.-Oct. 2017



Kwon, Yu, and Phung:

Third party
Driver

(Non- |
monitoring 1

capability)

Realtime jet failure detection of inkjet heads

Control Module

[

o o =

hchronizagion

Connector
cables

Head 1,2,...

I
wy— .

Router
External Self Sensing Module 1.2....

t'iﬂﬂer driving sig
|
—I
|
MDR
20pin

Cable

Figure 5. Schematic for multi-head monitoring using an external sensing module.

Note that the -(dot) represents the dot product of two vectors.
Here, k=1,2, ..., 1024, since there are 1024 nozzles. The
cosine value of Eq. (2) mainly detects the phase change in the
self-sensing signal with respect to the reference signal. For
example, if the phase difference is zero, the value becomes
1. However, if the phase difference increases and becomes
close to 180°, the value becomes —1. The cosine value in
Eq. (2) can also detect a frequency change of the signals.
If the frequencies of the two compared signals are not the
same, the value is close to 0. The use of cosine value has
additional advantages, because the cosine value can easily
be normalized from —1 to 1 depending on how close the
signals are. Also, the method is less affected by electrical
noise, which is not related to the pressure-wave signal.
However, the method cannot detect the jet failures that affect
only the magnitude of a signal without changing its phase.
So, additional methods should be used to detect all jetting
failures. On the other hand, the variance value, Vi, has
been used for detecting inkjet malfunctions based on the
self-sensing signals.!? The variance value can be defined as
follows:

N
V=Y _[x[ () — x" ()% (3)
j=1
Here, N represents the number of the sampled self-
sensing data. We used N = 60 to exclude the first 40 data
from the sampled data (Ngata = 100). Vi was compared to a

threshold value in order to judge the jetting status. The main
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advantage of using Eq. (3) is that a slight variation of the
self-sensing signal can be effectively detected. The drawback
of Eq. (3) is that the monitoring results can easily be affected
by electrical noise.

Since the two different methods in Egs. (2) and (3)
have their own advantages, the accuracy of the monitoring
results can be improved by combining them. In this study, we
propose a new judgment criterion based on the two existing
criteria as

Dy =A1 % Cr+ (A2) /(A3 Vi + 1). (4)

Note that the scale factors for each criterion (A, Ay,
Aj3) should be considered, because Vi differs from Cy. For
example, the smaller value of Vi close to zero indicates
normal jetting status, while a larger value of Cy close to the
maximum value of one (Cr &~ 1) indicates normal jetting
status. To make higher values for better conditions, the
inverse of Vi should be used. Here, to avoid possible division
by zero, the constant value of one is added. A scale factor of A3
is used to balance the constant value of one and V. Also, the
weighting factors of A| and A; are used so that the maximum
value of Dj can be 100, to make it easier to understand the
degree of malfunction.

Self-sensing module prototype development
For the practical implementation of the proposed monitoring
methods, we developed two different prototypes: (1) a driver
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integrated module and (2) an external module for third-party
drivers.

Since the hardware requirement for the self-sensing
module is relatively simple, it can be integrated into the
inkjet driver. Since most inkjet drivers are designed for
multi-head printing, the sensing modules integrated into
the driver unit can be easily extended to monitor multiple
heads simultaneously. For example, the proposed printing
controller can install eight printer driver control module
slots, and each slot has four sockets for head drivers. As a
result, 32 heads are supported for simultaneous printing and
monitoring. Figure 3 shows the schematic of the inkjet driver
configuration with the self-sensing capability. It has a zero
form factor for the monitoring module, which is desirable for
most inkjet applications.

Despite the advantages of the self-sensing integrated
driver module, most printing-system developers may prefer
their own printer drivers according to their requirements. So,
we developed another prototype, where the SG1024 jetting
can be monitored no matter what inkjet head driver is
chosen. In the SG1024, there is a 60-pin connector to which
all the external devices are attached. The connector is located
on the top side of the head. For an easy access to driving
signals from the connector, we designed an additional cable
connector, which can be easily inserted between the driver
and the head, as shown in Figure 4(a). The connector has one
cable input from the driver and two cable outputs for the head
and the self-sensing module, as shown in Fig. 4(a). The cable
output port for the head has the same connector-pin layout as
the input port from the driver, so the original signal from the
driver is unchanged. In this way, we could access the driving
signal to get the self-sensing signal without interrupting the
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driving signal for the printhead. Note that the method for
extracting the self-sensing signals from the driving voltage
has been discussed in Ref. 12.

By using the connector shown in Fig. 4(a), the driving
signals from the eight drivers can be accessed for the external
module shown in Fig. 4(b). The external module is designed
to monitor dozens of printheads simultaneously. For this
purpose, it has an Ethernet connection to a PC, and each
module has its own IP address via a rotary DIP switch to
address and monitor 99 heads simultaneously. Note that the
monitoring system using external modules could be bulky if
the number of heads to be monitored increases. In addition,
there is an issue of handing external cables when monitoring
many heads. For example, cables for PC communication,
electrical cables to access the driving signals, and trigger
cables to synchronize the jetting and data acquisitions are
required. In addition, if the cables are too long, there can
be electrical noise in addition to the difficulties of handling
cables. Figure 5 shows a head driver and monitoring module
configuration for multi-head systems. As shown in Fig. 5, the
configuration was much more complex than the self-sensing
integrated module shown in Fig. 3.

Note that to get the self-sensing data, the data acquisition
had to be synchronized with the jetting trigger signal from
the driver. Figure 6 shows a flow chart for self-sensing data
measurement. As a first step, the parallel scenario jetting data
are uploaded in the driver, so that the scanning process is
in a ready status. Then, we set the data acquisition ready so
that it can be in waiting status for the data-acquisition trigger.
When both the head driver and the monitoring module are
ready for scanning and data acquisition, the parallel-based
jetting scenario is started. Then, the data acquisition will
acquire signals based on the jetting trigger. Note that the
trigger signal of parallel scenario jetting is connected to the
input trigger of the external module for data acquisition.
Here, we are using the total number of 2560 triggers; each
trigger has an interval of about 111.11 pus (inverse of 9 kHz)
to scan 1024 nozzles with 10 averagings. The data-acquisition
system acquires 100 data per each trigger, and the data
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is stored in the sensing module’s memory before being
transferred to the PC.

The sensing algorithm shown in Fig. 6 can be carried out
simultaneously for driving many heads. As a result, our pro-
posed parallel (independent) sensing algorithms can scan all
nozzles within 1 second no matter how many heads there are.

Experimental verification

To verify our self-sensing system, a drop-watcher system
for the SG1024 head was developed. To supply ink to the
SG1024, we designed a fluid recirculation system, as shown
in Figure 7. The recirculation allows for quicker priming
times, helps maintain inks that are prone to sedimentation,
and keeps the printhead wetted when handling quick drying
inks. We found that the use of the fluid recirculation system
increased the jetting reliability'?. As shown in Figure 8, we
used two ink reservoirs for recirculation: one is the main
ink tank, which is indicated as R2; the ink in R2 is collected
from the outlet of the head. The reservoir indicated in R1
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supplies ink to the head via a hydrostatic force (fluid height
difference). Therefore, the reservoir R1 should be positioned
slightly above the inkjet head, while the main reservoir R2
is positioned below the printhead to allow the recirculation.
In this way, unused ink in the head returns to the main tank
(R2). In the inkjet reservoir (R1), there is a fluid level sensor.
If the ink level in R1 becomes low, the fluid pump will pump
ink from R2 to refill R1 to the target level.

To avoid the dripping of ink from the head, a slight
negative pressure, generated by a pneumatic module, is
applied to the ink reservoir, in order to maintain proper
meniscus for jetting. In addition, the pneumatic module can
generate strong positive and negative pressures as needed for
maintenance.

To verify the monitoring capability of the self-sensing
signal, a strobe light emitting diode (LED) was used to
visualize the jet images from a charge-coupled device (CCD)
camera. The LED light was synchronized with the jetting
trigger to obtain frozen images from the CCD camera. The
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detailed information on drop visualization can be referenced
in Ref. 1.

Fig. 8 shows the experimental setup for the monitoring
of the SG1024. Since the head has eight rows and each row
has 128 nozzles, the camera focus should be moved toward
the head (y direction) as well as in the x direction in order
to acquire jetting images from a specific nozzle. For this
purpose, we used a motorized stage (SG SP 20-35, Sigma
Koki, Japan) to control the camera location in the y direction
to monitor the nozzles in the different rows. We also used a
linear stage to locate nozzles in the x-direction (the nozzles
in a row). In this way, jetting from all nozzle locations could
be monitored in both directions, as shown in Fig. 8(c).

As shown in Fig. 8(c), all nozzles are numbered so
that each row has an eight-number increment and the
adjunct-number nozzles are located in different rows. To
capture the droplet image of a specific nozzle, the location
of each nozzle should be calculated and stored in advance for
the positioning control of the motorized stages.

To demonstrate our two prototypes of self-sensing
modules, two modules were connected, as shown in Fig. 8(a),
so that both module prototypes could be tested. With
this configuration, the self-sensing signals from either one
module or both could be compared. From the comparison
of the two modules, it was confirmed that the self-sensing
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signals can be equally measured for both modules. In this
article, we use the self-sensing signals from the internal
module to explain our real-time monitoring software.

To demonstrate our system, we developed jetting
monitoring software, which can show and update the current
nozzle status based on the measured self-sensing signal as
shown in Figures 9-12.

For the experiment, standard ink from Dimatix (XL-30,
Dimatix, U.S.A.) was used throughout the experiment. The
viscosity of the ink is approximately 14 cP at 249°¢C.13 If
other inks are used for the monitoring process, the reference
signal of the specific ink should be stored in advance to detect
any monitoring signal deviation from the reference signal,
which can be easily calculated by averaging the self-sensing
signals of all nozzles in the same row.

Fig. 9 shows the software for adjusting the parameter
setup for the self-sensing prior to the real-time monitoring.
For the jetting verification, we used the image display shown
in Fig. 9@ to show the jetting image of a specific nozzle. To
visualize the jetting from a specific nozzle, the motorized
stages was moved so that the camera could observe the
jetting. To obtain the frozen images, the strobe LED light
should be synchronized and the lighting delay with respect
to jetting signal can be adjusted from the menu shown in
Fig. 9@. Fig. 9@ shows the nozzle selection menu for the
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Figure 10. ReaHime jetting monitoring results when ink is removed from head. (® Image display, @ Nozzle layout for the 1024 nozzles, ® ReakHime

monitoring selection, and @ Self-sensing signal comparison).

selection of the Boolean switch to turn the nozzles on (or off),
and it can also be used as an indicator of whether a specific
nozzle has been selected for jetting.

Fig. 9® shows the waveform editor for the driving
voltage. Note that we can set up two different voltages for
the jetting and the sensing. In this experiment, 85 V was
used for the jetting. However, for the nozzle-status scanning
based on the self-sensing signal, we used a voltage of 50V,
which did not produce any jetting. Note that the detection
of a faulty nozzle by the self-sensing signal is based on
the pressure-wave propagation in the ink and does not
require actual jetting. The use of a non-jetting low voltage for
monitoring has advantages because it does not contaminate
the substrate during the monitoring process.

In the initial scanning, we calculated the reference data
(averaged signal) based on the current-sensing signal data,
and each nozzle was compared to the reference signal to
determine the nozzle status. By using the reference data, each
nozzle status could be displayed as a Boolean indicator, as
shown in Fig. 9®. Here, the results for only one module of
the 256 nozzles are shown in Figs. 9® and ®, because of
the limitation of space in the software. We recommend that
more than 70% of the nozzles should be in good condition
to get reasonably good reference data. If more than 30% of
the nozzles are not in good condition, proper maintenance
should be performed until most of the nozzles become
jettable.

Fig. 9@ compares the self-sensing data and the reference
signal by overlapping the two signals on a graph. The sensing
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signal shown in Fig. 9@ is the averaged data for 10 times
that have been digitally filtered to remove the possible
electrical noise. Note that we used 60 data out of 100 for the
comparison using Eq. (4) by cutting off first 40 data, which
may have been affected by the driving voltage. The monitored
signal can be scored using Eq. (4) according to the closeness
to the reference signal. The score for each nozzle, Dy, can
be plotted, as shown in Fig. 9®. By setting up threshold
values that range from 0 to 100, the nozzle with a score
lower than the threshold value can be classified as faulty
nozzle, which needs maintenance. The score values for most
of the non-jetting nozzles are less than 80 but the normal
nozzle values are close to 99. Considering the score values
of both jetting and non-jetting nozzles, the threshold value
of 95, which is slightly less than the score values of most of
the normal cases for the detection of most malfunctioning
nozzles, was selected.

After the initial setup of the parameters, real-time
monitoring during printing was needed. Figs. 10-12 show
the software for the real-time monitoring. Here, the sensing
results were regularly updated at the setting intervals.
For example, if we set a sensing interval of 3 seconds,
the monitoring results of all nozzles were updated every
3 seconds. In an actual printing system, the monitoring
should be done during short non-printing idle times, so that
the interruption of the printing process by the monitoring
can be minimized. It is desirable to be able to identify the
problematic nozzles at a glance. For this purpose, the nozzle
layout of the head was used to indicate the nozzle status, as
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Figure 11. Realime jetting monitoring results after a few seconds of recirculation.

shown in Fig. 10®. Here, the location of a faulty nozzle is
shown as ared “x,” whereas a green dot is used for the normal
nozzles.

For verification of the monitoring results, the nozzle
locations in Fig. 10@ can be selected by a mouse click to show
the jetting images in the image display in Fig. 10®. For a
comparison of the monitored signal and the reference signal,
the self-sensing signals of the selected nozzle are shown on
the graph in Fig. 10®.

We tested two different inkjet malfunction cases: (1) no
inkinside the inkjet head (the ink was drained from the head)
and (2) a nozzle surface blockage. For better understanding
of the malfunction, we took videos of the two abnormal cases,
as shown in Fig. 10® and they were compared with the nozzle
status in Fig. 10®.

Fig. 10® shows the monitored jetting status when the
ink was removed from the head. As shown in Fig. 10®, most
of the nozzles became non-jetting, indicated as a red “x” in
the nozzle map. Note that the fluidic supply system for the
SG1024 can recirculate the ink, enabling some of the nozzles
to return to the normal status.

By using real-time monitoring, it was possible to observe
the whole process of the jetting status recovery during ink
circulation. Fig. 11 shows the monitored jetting status after
a few seconds of the recirculation, when more than half the
nozzles had recovered. To confirm the monitoring results,
a nozzle in Fig. 11® can be selected to show its jetting
image using a mouse click. In this way, the monitored
results can be verified. Readers may refer to the video in
Ref. 18 for better understanding of the real-time monitoring
in relation to the fluidic system. Note that not all nozzles
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were recovered through the use of only the recirculation
process; maintenance schemes, including strong purges, may
be needed to fill the ink in the inkjet channel for the
unrecovered nozzles. The monitored signal can also be used
to check whether all of the nozzles are jetting normally after
the maintenance process.

As another example of detecting jet failure, we used our
fingers to block the head in the y direction, as shown in
Fig. 12®. Experimental results showed that nozzle blockage
and location can be identified in real time. We observed
from our experiment that most of the non-blocked nozzles
became normal after the fingers were removed from the
nozzle surface.®

CONCLUDING REMARKS

To monitor a commercial head with 1024 nozzles, we
developed monitoring modules, which use parallel sensing
schemes to minimize the scanning time.

The modules are designed to monitor multiple heads
simultaneously and take less than 1 second to scan 1024
nozzles. A software algorithm for determining nozzle status
has been proposed so that robust monitoring results can be
obtained from the acquired sensing data. The experiment
results showed that the jetting status for all 1024 nozzles
was successfully updated in real time. If any faulty nozzles
were detected via real-time monitoring, the faulty nozzle
could be corrected by proper maintenance, including purging
and wiping the nozzle surface. Our proposed real-time
monitoring methods can also be used to determine whether
all nozzles have become normal via the maintenance scheme.
As a result of real-time monitoring after maintenance, the
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Figure 12. ReaHime jetting monitoring results of nozzle blockage (@ Blocked location and @ Self-sensing result).

time and effort needed for maintenance can be significantly
reduced. This could be another benefit of using our self-
sensing-based jetting status monitoring. As a future work,
multi-head monitoring will be implemented using the
developed modules of the present study.
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