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(54) STREAKINESS REDUCTION IN INKJET PRINTING

(57) A method for reducing streakiness in inkjet prints
is disclosed. The printer comprises a page-wide array of
ink jetting units, that apply ink drops on a receiving me-
dium in accordance with an input image. The method
comprises a number of steps, wherein a first optical den-
sity profile across the width of the array is determined for
a first input image that comprises uniform test patterns
of various density levels and a second optical density

profile for a second input image wherein a number of
jetting units are intentionally blocked. A comparison of
two profiles yields an effect of a blocked ink jetting unit.
Using this effect a correction table for the density asso-
ciated with each jetting unit is composed and an input
image is printed after processing an array of pixels as-
sociated with a particular ink jetting unit with the corre-
sponding correction factor.
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Description

BACKGROUND OF THE INVENTION

1. Field of the invention

[0001] The present invention relates to a method for
reducing streakiness in inkjet prints from a printer having
a page-wide array of ink jetting units, that apply ink drops
on a receiving medium, transported in a transverse di-
rection underneath the page-wide array, in accordance
with an input image.

2. Description of the Related Art

[0002] Production inkjet printers are known to com-
prise a page-wide array of ink jetting units, wherein the
page width ranges from A4 (21 cm) to A0 (84 cm), the
array comprising one or more print heads, each print
head consisting of several chips with individual jetting
units, also referred to as nozzles. The term "print head",
"print" and derivatives thereof are to be understood to
include any device or technique that deposits or creates
material on a surface in a controlled manner. Although
the individual units are not positioned in a single line, they
behave as such by appropriate timing of the ejection of
the ink droplets from the nozzles, taking into account the
velocity of the transportation of the medium. The arrange-
ment of the page-wide array and the transported receiv-
ing medium is such that an individual jetting unit is con-
trolled to apply ink drops for an array of pixels of the input
image, e.g. a column of pixels in a raster image. Whereas
the droplets of a single jetting unit are quite equal, the
droplets of different jetting units are known to slightly vary
in size, speed and direction. Without further precautions,
this may show in a printed image as streak-like artefacts.
This is solved for a great deal by adjusting the pixel values
in an input image for each process color in the printer,
usually cyan, magenta, yellow and black, in such a way
that a jetting unit giving a lower ink density is compen-
sated by making the associated pixel values higher and
a jetting unit giving a higher ink density is compensated
by making the associated pixel values lower. Such a com-
pensation process is known as a shading correction. The
necessary compensation factors are derived by meas-
uring density profiles of uniform areas in printed images
at various density levels.
[0003] There is, however, a remaining amount of
streakiness, which is associated with more strongly de-
viating jetting units. This includes both jetting units that
do not eject an ink drop, when controlled to do so, and
jetting units that eject ink drops that come down on the
receiving medium far from their intended position. These
jetting units, also known as failing nozzles, are usually
turned off and the missing ink density is provided by ad-
jacent jetting units. Thus, the compensation factors of
the adjacent or neighbouring jetting units are enhanced
to compensate for the failing nozzle.

[0004] Within the framework of shading correction as
indicated above, the crucial element is the method for
obtaining the appropriate compensation factors. When
using incorrect factors, over- and/or undercompensation
may result, which enhances the streakiness, instead of
reducing it. Also, the measurement of density profiles at
various density levels is quite laborious and should not
be executed very often. Furthermore, the optical resolu-
tion that is available for these measurements is usually
less than the resolution of the ink jetting units in the page-
wide array, making an individual jetting unit not very well
discernable in a uniform background. In contrast, the
measurement of individual jetting unit characteristics to
determine which jetting units should be treated as devi-
ating ones, is relatively simple and may be done in-be-
tween the printing of regular input images. Since during
printing the characteristics of the jetting units may
change, e.g. by drying ink in the nozzle or by air entrap-
ment in the jetting unit, it is advantageous to regularly
check the performance of the individual units. In short,
there is a problem in deriving the compensation factors
and maintaining their actuality. It is an object of the
present invention to provide a method that comes forward
to these issues.

SUMMARY OF THE INVENTION

[0005] The method according to the invention compris-
es the steps of: a) determining a first optical density profile
across the width of the array for a first input image that
comprises uniform test patterns of various density levels;
b) repeating step a with a second input image wherein
the test patterns of the first input image are modified by
intentionally blocking a number of jetting units from ap-
plying an ink drop to obtain a second optical density pro-
file; c) deriving an effect of a blocked ink jetting unit from
a comparison of the first and second optical density pro-
files; d) determining a characteristic property of an indi-
vidual jetting unit using a third input image; e) composing
an ideal compensation table, which comprises for each
ink jetting unit a density compensation factor that would
make the first optical density profile uniform; f) deriving
from the ideal compensation table a practical compen-
sation table, wherein the density compensation factor is
made zero for deviating ink jetting units, that have the
characteristic property outside a predetermined range,
and wherein the density compensation factors of ink jet-
ting units adjacent to a deviating ink jetting unit are mod-
ified using the result from step c for obtaining a uniform
density response, and g) printing an input image by
processing for each ink jetting unit, an array of pixels
associated with a particular ink jetting unit, using the cor-
responding compensation factor from the practical com-
pensation table.
[0006] The use of intentionally blocked jetting units,
which is done by not ejecting an ink drop from these units,
although they might have been used, enables a determi-
nation of the effect of not using an ejection unit in a sur-
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rounding of other jetting units printing a uniform density
of ink. Since the effect is usually not very large, the com-
parison of the two density profiles is needed to provide
the necessary sensitivity for the optical effect of a missing
ink jetting unit. Accidentally not jetting units will have the
same effect in both profiles and the density profiles for
the two input images will not be different around these
units. A characteristic property of an individual jetting unit
is determined by measuring the position of a dot that is
associated with this unit. The third input image is built up
in such a way that the dots of each jetting unit can be
determined individually, which means that a number of
jetting units on both sides adjacent to a drop ejecting
jetting unit are kept silent. The ideal compensation table
comprises a proper factor for all jetting units, even for the
ones not working. The factors for these last ones may be
approached by interpolation. Then a practical compen-
sation table is composed from a second input image,
wherein a number of individual jetting units are given a
factor zero to prevent them from being controlled to eject
an ink drop. This is decided based on a result from the
determination of a characteristic property, such as the
presence of a dot or the angle deviation of an ink drop
from the jetting unit. The missing ink density for these
jetting units is provided by adjacent jetting units by mod-
ifying the associated compensation factors from the ideal
table. The advantage of this method is that a change in
operability of a jetting unit, such as a blocked nozzle be-
coming working again, can be relatively fast accommo-
dated in the table of compensation factors, without a ne-
cessity of keeping track which jetting units were previ-
ously operable, after determining the characteristic prop-
erty of all jetting units once again. As noted earlier, this
measurement is much faster than the uniform density
measurements. It has been shown experimentally that
this method reduces streakiness, in particular for page-
wide arrays with a high integration density.
[0007] Useful details and preferred embodiments of
the invention are indicated in the dependent claims.
[0008] In a further embodiment, the effect of a blocked
ink jetting unit is determined by averaging the difference
between the first and second density profile and fitting
the average curve as a function of the ink jetting unit
position. The best fitting function is found to be a Gaus-
sian function, f(n) = A exp [-(n/S)2], wherein n is the po-
sitional distance between a jetting unit for which a cor-
rection is applied and the blocked jetting unit and A and
S parameters for respectively the amplitude and the width
of the difference between the two profiles.
[0009] In a further embodiment, the parameters A and
S for the Gaussian function depend on the characteristics
of the adjacent jetting units, in particular the jetting angle
in the direction of the page-wide array. For each blocked
unit, a model may be used to find the optimal correction
factors.
[0010] Further scope of applicability of the present in-
vention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood

that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes
and modifications within the scope of the invention will
become apparent to those skilled in the art from this de-
tailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will become more fully
understood from the detailed description given herein be-
low and the accompanying drawings which are given by
way of illustration only, and thus are not limitative of the
present invention, and wherein:

Figure 1 Overview of the application of shading cor-
rection to a uniform image;

Figure 2 Plot of a difference between optical densities
measured around an intentionally blocked
jetting unit;

Figure 3 Example of compensation factors applied
around a blocked jetting unit;

Figure 4 Scheme of steps for deriving a practical com-
pensation table, and

Figure 5 Sketch of the compensation being depend-
ent on the position of adjacent ink dots.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] The present invention will now be described
with reference to the accompanying drawings, wherein
the same or similar elements are identified with the same
reference numeral.
[0013] A page-wide array of ink jetting units is com-
monly controlled to eject ink droplets of discrete sizes.
This may be only one size, or a small number of ink drop
sizes. However, in order to reproduce contone images,
in some part of the image processing sequence, the im-
age is represented by a raster image, which comprises
pixels, each pixel having a number of values, each value
being representative for an amount of colorant that is to
be printed. The pattern of dots, or ink drop sizes, that is
to bring about this amount of colorant is generated by a
halftone algorithm, such as stochastic dithering or error
diffusion. This will not be discussed further, as the shad-
ing correction works on a raster image having contone
values.
[0014] Figure 1A shows an example of a uniform raster
image 1 with 9 pixels values in the page-wide array di-
rection 2 and 7 values in the medium transport direction
3. All pixel values are equal and in this case indicate a
value between 0 and 255, due to the 8-bit representation.
During processing of the pixel values a 16-bit represen-
tation is used to diminish the effect of digital noise. 157
indicates a more than half fully covered medium. Figure
1B shows how this raster image will be printed if no shad-
ing correction is applied. The varying amount of ink eject-
ed by the units of the array, results in a varying density
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of ink on the medium. Note that the shown variation in
ink density cannot be measured as such and that the
raster image 4 is a model situation. The compensation
factors 5 are applied to compensate the variation in raster
image 4, obtaining the compensated raster image 6 of
Figure 1C. Each compensation factor is applied to a col-
umn of pixels associated with a single ejection unit. As
this is the ideal compensation, the ink density is com-
pletely uniform and no streakiness will be visible in print-
ing this image.
[0015] Figure 2 shows a graph 10 of the optical density
11 as measured from a uniform raster image with several
of the ejection units intentionally turned off, as a function
of the position 12 along the array, as measured in dis-
tance from the turned off unit. Individual measurements
13 show a variation around an average 14 that is used
to derive compensation factors to provide the missing
density. These factors are used for ejection units that are
blocked or otherwise not functioning properly, either tem-
porarily of permanent. The purpose of intentionally block-
ing is only to obtain a large number of measurements.
The average difference between the optical density with-
out and with intentionally turned off nozzles may be fitted
by a Gaussian function, 

wherein n is the positional distance between a jetting unit
for which a correction is applied and the blocked jetting
unit and A and S parameters for respectively the ampli-
tude and the width of the difference between the two pro-
files. A takes typically a value of 0.2 and S a value of 2.1,
wherein the value of A is strongly dependent on the proc-
ess colour, as all measurements are performed for each
process colour separately. An example of the derived
factors is shown in Figure 3 as a number of additional
factors 15 that are combined with the factors 5 in Figure
1 to practical compensation factors 17. The not function-
ing nozzle is associated with a compensation factor 0.0
as indicated by factor 16. Thus, it will not be controlled
to eject ink.
[0016] Figure 4 shows the various elementary steps in
their context. Testchart 1 comprises various uniform ar-
eas 18 with different coverages, indicating different tones
of a process colour. In step S1 a measurement of these
tones is made by an optical device, such as an in-line
scanner. Testchart 3 comprises individual ejection unit
testing elements in the form of single ejection unit lines
19 from which a characteristic property can be derived,
such as the units that are not functioning, also known as
failing nozzles, as indicated by a missing line 20, or a
deviation angle of the individual droplets ejected by the
unit. In step S2 an actual list of the ejection units that are
to be discarded is made. This testchart may be made
every time it is felt necessary to update this list. In step
S3 the two results are combined to get an ideal compen-
sation table, wherein the failing nozzles are approached

by interpolation. Testchart 2 is printed in a similar way
as testchart 1 with the addition of intentionally blocked
ejection units. The difference in optical density between
the measurements of these two testcharts, similar to Fig-
ure 2, is used to derive an individual nozzle failure cor-
rection (NFC) in step S4. Combining this correction with
the ideal compensation table for the actual list of failing
nozzles results in a practical compensation table, or NFC
corrected nUC table, in step S5.
[0017] In a preferred embodiment, an individual meas-
ured optical density difference as indicated in graph 13,
is correlated with a measured angle deviation in the di-
rection of the page-wide array. Figure 5 indicates the
effect that is reached. Again the vertical direction is as-
sociated with the transport direction of the receiving me-
dium. In drawing 25 line 26 indicates positions on the
receiving medium where no dots are printed due to a
failing ejection unit. Line 27 is a line where the dots are
ideally placed, in contrast to line 28, where the dots are
printed with a large angle deviation, due to some mis-
functioning of the associated ejection unit. In comparison
drawing 30 is shown. Herein line 31 is the line where dots
are absent and line 32 shows an ideal placement of dots.
However, in this case the dots on lines 33 and 34, which
are directly adjacent to line 31, are positioned such that
they are close to line 31. It has been found that the com-
pensation factors that are needed in the situation of draw-
ing 30 are lower than the compensation factors as need-
ed for the situation of drawing 25. The individual graphs
13 may be fitted by a Gaussian function and the param-
eters of this function may be correlated with the individual
characteristic property of the ejection unit, such as in this
case the angle of deviation from the ideal direction for
the ink drop.
[0018] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
scope of the invention, and all such modifications are
intended to be included within the scope of the following
claims.

Claims

1. A method for reducing streakiness in inkjet prints
from a printer having a page-wide array of ink jetting
units, that apply ink drops on a receiving medium,
transported in a transverse direction underneath the
page-wide array, in accordance with an input image,
the method comprising the steps of:

a. determining a first optical density profile
across the width of the array for a first input im-
age that comprises uniform test patterns of var-
ious density levels (S1);
b. repeating step a with a second input image
wherein the test patterns of the first input image
are modified by intentionally blocking a number
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of jetting units from applying an ink drop to obtain
a second optical density profile (S4);
c. deriving an effect of a blocked ink jetting unit
from a comparison of the first and second optical
density profiles (S4);
d. determining a characteristic property of an in-
dividual jetting unit using a third input image
(S2);
e. composing an ideal compensation table,
which comprises for each ink jetting unit a den-
sity compensation factor that would make the
first optical density profile uniform (S3);
f. deriving from the ideal compensation table (5)
a practical compensation table (17), wherein the
density compensation factor is made zero for a
deviating ink jetting unit, that has the character-
istic property outside a predetermined range,
and wherein the density compensation factors
of ink jetting units adjacent to a deviating ink
jetting unit are modified using the result from
step c for obtaining a uniform density response
(S5), and
g. printing an input image by processing for each
ink jetting unit, an array of pixels associated with
a particular ink jetting unit, using the correspond-
ing compensation factor from the practical com-
pensation table (17).

2. The method according to claim 1, wherein the char-
acteristic property of an individual jetting unit is de-
rived from a position of a dot on the receiving medium
that is associated with said jetting unit.

3. The method according to claim 2, wherein the ab-
sence of a dot is interpreted as the characteristic
property being outside the predetermined range as
mentioned in step d.

4. The method according to claim 1, wherein in step b
a series of jetting units is blocked and the effect of a
blocked ink jetting unit in step c is derived by aver-
aging the difference between the density profiles
around the blocked jetting units.

5. The method according to claim 4, wherein the series
of blocked jetting units comprises a number of equi-
distant jetting units.

6. The method according to claim 5, wherein the dis-
tance between the intentionally blocked jetting units
is at least 10 units.

7. The method according to claim 4, wherein the aver-
aged difference is fitted by a Gaussian curve, having
two parameters A for the height of the curve and S
for the width of the curve.

8. The method according to claim 7, wherein the den-

sity compensation factors of ink jetting units adjacent
to a deviating ink jetting unit are obtained by model-
ling the difference between the optical density pro-
files using individual Gaussian curves having param-
eters A and S depending on the distance between
dots associated with the adjacent jetting units.

9. A non-transitory computer readable medium storing
computer executable instructions for executing a
method according to claim 1.

10. A printer comprising an engine controller comprising
a non-transitory computer readable medium accord-
ing to claim 9.
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