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DROP QUANTITY CALIBRATION METHOD AND 
SYSTEM 

BACKGROUND 

[0001] Inkjet printers have become increasingly sophisti 
cated and can generate more complex images than before, 
including color photographic-quality images. Some inkjet 
printers have tWo or more pens, such as a high dye-load pen 
and a loW dye-load pen, or multiple chambers Within a single 
inkjet pen to handle a Wide range of colors and hues. 
Differences in drop volume and/or drop Weights betWeen the 
pens, hoWever, may cause noticeable color variations and/or 
hue shifts and generate images that do not accurately rep 
licate desired colors. 

SUMMARY OF THE INVENTION 

[0002] Accordingly, an embodiment of the invention is 
directed to a method of calibrating a device having a ?rst 
?uid source that ejects a ?rst drop quantity and a second 
?uid source that ejects a second drop quantity. An embodi 
ment of the method comprises printing a pattern having a 
?rst portion and a second portion, Wherein the ?rst portion 
is printed by the ?rst ?uid source and the second portion is 
printed by the second ?uid source; obtaining a relationship 
betWeen the ?rst drop quantity and the second drop quantity 
from the pattern; and adjusting data used to determine 
quantities of ?uid to eject from the ?rst ?uid source or the 
second ?uid source based on the relationship betWeen the 
?rst drop quantity and the second drop quantity. 

[0003] Another embodiment of the invention is directed to 
a calibration apparatus for a device having a ?rst ?uid source 
that ejects a ?rst drop quantity to form a ?rst region and a 
second ?uid source to eject a second drop quantity to form 
a second region. The apparatus comprises an optical sensor 
to generate output from scanning the ?rst portion and the 
second portion; and a processor arranged to receive the 
output, Wherein the processor includes a con?guration to 
determine a relationship betWeen the ?rst drop quantity and 
the second drop quantity using the output. 

[0004] The embodiments described above are not intended 
to be exhaustive and other aspects of the invention Will be 
apparent to those skilled in the art after revieWing the 
draWings and the detailed description beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 illustrates a printing apparatus incorporat 
ing an embodiment of the invention; 

[0006] FIG. 2 is a block diagram illustrating a method 
according to an embodiment of the invention; 

[0007] FIG. 3 is a representative diagram of a test pattern 
generated according to an embodiment of the invention; 

[0008] FIG. 4 is a graph illustrating an optical scan of the 
test pattern of FIG. 3 generated according to an embodiment 
of the invention; 

[0009] FIG. 5 is a graph illustrating an ideal relationship 
betWeen the drop volumes and ?ll densities of matched pen 
pairs; 
[0010] FIG. 6 is a graph illustrating the effect of drop 
volume calibration on chroma; and 
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[0011] FIG. 7 is a diagram of an embodiment of an optical 
sensor used to generate the test pattern scan such as that 
shoWn in FIG. 4. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0012] FIG. 1 illustrates a printer 101 that may incorpo 
rate an embodiment of the invention. For convenience in 
describing embodiments of the invention in the description 
beloW, all types of imaging systems are hereinafter referred 
to as “printers,” all types, siZes, and compositions of print 
media are also referred to as “paper,” and all ?uid compo 
sitions are referred to as “ink;” no limitation on the scope of 
the invention is intended nor should any be implied. More 
over, imaging systems may also include, Without limitation, 
copiers, faX machines, all-in-one imaging devices, and any 
other system that forms images by ejecting colored ?uid 
onto a print medium. Further as used herein, the term “drop 
quantity” or “drop volume” are not intended to be limited to 
volumetric measurements or quantities, and are intended to 
include other quanti?able quantity and/or spatial measure 
ments or quantities, for eXample, Without limitation, vol 
ume, mass, density, and/or Weight. For instance, the term 
“drop quantity” can generally be used interchangeably With 
the terms “drop volume,”“drop Weight,” or “drop density.” 

[0013] Housing 102 preferably encloses the electrical and 
mechanical operating mechanisms of the printer 101. Opera 
tion is administrated by an electronic processor 103 (such as 
a microprocessor or application speci?c integrated circuit 
(“ASIC”) controlled printed circuit board) connected appro 
priately to a computer (not shoWn). If desired, general 
purpose microprocessors or ASIC-eXecuting ?rmWare or 
softWare may be used to program and eXecute imaging, 
printing, print media handling, and/or control functions and 
logic operations. In an embodiment, the processor 103 
functions may be performed by the computer, by electronics 
on-board the printer 101, of by interactions therebetWeen. 
The term “processor” as used herein encompasses these 
functions, Whether performed by a computer, the printer 
101, an intermediary device therebetWeen, or by a combined 
interaction of such elements. 

[0014] In a preferred embodiment, ink-jet pens 115X may 
be individually mounted in a movable carriage 109. For 
eXample, Without limitation, in a “full color” system, inks 
can be included for subtractive primary colors, i.e., cyan 
(X=C), yelloW (X=Y), magenta (X=M) and true black 
(X=K). Further, if desired, an ink ?Xer (X=F) may also be 
included. HoWever, the invention is not so limited and also 
contemplates the use of an integrated pen system, such as 
that in Which pens 115X themselves may include one or 
more chambers (not shoWn). For instance, an integrated 
embodiment may include a plurality of pens (e. g., tWo pens) 
having a plurality of chambers (e.g., three) per pen. Reus 
able printhead systems are ?uidically coupled by tubing 119 
to replaceable or re?llable ink reservoirs 117X (generally, in 
a full color system, inks preferably for the subtractive 
primary colors, cyan (X=C), yelloW (X=Y), magenta (X=M) 
and true black (X=K) are provided; ink ?Xer (X=F) solutions 
are also sometimes provided). In a preferred embodiment, 
each pen 115X operates using an internal back pressure 
regulator for alloWing transfer of ink from a respective 
reservoir 117X While maintaining the appropriate back 
pressure needed for the operation of each printhead of each 
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pen. If desired, replaceable ink jet cartridges, such as those 
having a self-contained ink reservoir and back-pressure 
regulating mechanism, may be employed. Once a printed 
page is completed, the print medium is typically ejected onto 
an output tray 121. 

[0015] Preferably, the embodiments of the invention oper 
ate Within the printer 101 by comparing drop volumes of tWo 
or more pens and/or ink chambers 115X and using this 
comparison to reduce or remove color imbalances betWeen 
the pens and/or chambers. In accordance With an embodi 
ment of the invention, the relationship betWeen the drop 
volumes may be determined Without requiring a unique 
reference or calibration standard. Further, because primary 
and secondary inks may be printed on the same paper or 
media, in general, the effects of the paper or media Will be 
relatively negligible. TWo ink or ?uid sources 115X, such as 
a high dye-load pen and a loW dye-load pen, may be 
considered in a paired set, but embodiments of the invention 
may be used in any application that ejects ink from more 
than one pen (including those of different types) and/or 
chamber. In an embodiment, one pen is referred to as a 
“reference pen” and another pen is referred to as a “second 
ary pen”. The terms “reference” and “secondary” correspond 
to the portions of a test pattern printed by each pen 115X and 
do not re?ect the relative importance of the pens 115X 
during an actual printing operation. 

[0016] FIG. 2 is a block diagram illustrating a method 
according to an embodiment of the invention and FIG. 3 
illustrates one example of a possible test pattern generated in 
the method shoWn in FIG. 2. Referring to FIGS. 2 and 3, 
the method 200 according to an embodiment of the inven 
tion involves printing a test pattern (block 202), Which Will 
later be scanned optically to detect drop differences betWeen 
the tWo pens being compared. In the embodiment explained 
beloW, it is assumed that the relationship betWeen, for 
instance, cyan and magenta in a loW dye-load pen and, for 
example, yelloW in a high dye-load pen is the intended 
focus. Embodiments of the invention may be applied, hoW 
ever, to any color relationship betWeen multiple pens With 
out departing from the scope of the invention. 

[0017] In this example, the ratio betWeen the drop quan 
tites of the tWo pens in a matched pen pair affects the 
“blue-yelloW shift”, or the degree of blue or yelloW appear 
ing in a printed image. For example, if the speci?ed func 
tional (e.g., nominal or optimum) drop quantity ratio 
betWeen the high-dye load pen and the loW dye-load pen is 
5.0 nanograms/4.4 nanograms to obtain a correct or pre 
ferred balance of cyan and magenta to yelloW, a ratio higher 
than the speci?ed functional ratio may create an image that 
is too yelloW, While a ratio loWer than the speci?ed func 
tional ratio may create an image that is too blue. Ratio 
changes may occur if, for example, the drop quantity of 
either pen deviates from the speci?ed functional drop quan 
tity. If such variations are left uncorrected, the generated 
chroma values generated by the pen pair may vary from, for 
example, 0 to 20 for a given color, Which may be an 
unacceptably high variance for some applications. 

[0018] FIG. 3 illustrates an example of a test pattern 300 
that can be used to determine a drop volume relationship 
betWeen the tWo pens to adjust or correct for “blue-yelloW 
shift”. The various portions of the test pattern 300 may be 
printed at selected increments along, for example, a Width of 
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a sheet of print media. Each increment can represent a 
“tile”301. The increment siZe may be selected based on 
several designated factors, including, Without limitation: 
anticipated extreme ?ll density ranges for pens being cali 
brated (e.g., a range betWeen 14% and 41%); the ?eld of 
vieW for the optical sensor (e.g., if the optical sensor has a 
vieWing ?eld of 1.25 mm, for example, the tile 301 may have 
a length of 2.5 mm, equivalent to tWo ?eld vieWs, to better 
prevent or reduce the in?uence of the preceding or folloWing 
tiles 301 from in?uencing the results from the portion being 
examined by the sensor); and the resolution needed to 
determine a drop quantity difference. For example, in a 
preferred embodiment, each increment 301 may be repre 
sented as a grid, such as a 10x10 grid, With 100 possible ink 
deposition points. 

[0019] The pattern 300 starts With a spit bar 302 generated 
by both pens to clear noZZles in the pens, stabiliZe pen 
temperatures, and stabiliZe drop volumes before generating 
the remainder of the test pattern. After the spit bar 302, the 
pattern 300 includes a White space 304, a light absorbing 
portion 306, and a reference portion 308. The light absorbing 
portion 306 absorbs stray light and prevents or reduces the 
in?uence of unWanted signals on the results of optically 
scanning. The light absorbing portion 306 in a preferred 
embodiment is light black and printed in one tile. 

[0020] Preferably, after the light absorbing portion 306 is 
printed, the reference portion 308 is printed by the reference 
pen at a knoWn reference ?ll density. The reference ?ll 
density can have a value that is betWeen the maximum and 
minimum ?ll density of the secondary pen. In an embodi 
ment, the reference ?ll density is selected so that the 
calculated (e. g., average) response of the reference pen at the 
reference ?ll density Will correspond to a point betWeen the 
minimum and maximum ?ll densities of the secondary pen. 
For example, if the minimum ?ll density of a secondary pen 
is 14% and the maximum ?ll density is 41%, the reference 
?ll density could lie betWeen 14% and 41%. Of course, other 
minimum, maximum, and reference ?ll density values can 
be selected for alternate embodiments. 

[0021] The color of the reference portion 308 is selected 
based on, for example, a spectral response of an optical 
sensor or scanner to be used for scanning the test pattern 
300. In one example, the test pattern 300 Will eventually be 
scanned With an optical sensor having a light source With a 
light output betWeen 420 nm and 470 nm. To accommodate 
light sources in this range, a high dye-load reference pen 
may eject, for example, 19 parts magenta ink and 12 parts 
yelloW ink to generate a reference portion 308 having a ?ll 
density of 19% magenta and 12% yelloW. If the test pattern 
300 Will be scanned using a 420-470 nm light source, cyan 
ink is preferably not used to generate the reference portion 
308 because cyan ink may not absorb the light from the light 
source as Well and therefore may yield less useful informa 
tion during the scanning process. Further, although a com 
bination of tWo colors is used to generate the reference 
portion 308 in this embodiment, the reference portion 308 
may be a single color or incorporate different color combi 
nations depending on the speci?c characteristics of the light 
source. In an embodiment, the reference portion 308 color is 
selected to better ensure that the spectral response generated 
by the reference portion 308 Will remain suf?ciently con 
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sistent even if there are small variations between the optical 
sensors generating the response for the same test pattern 
300. 

[0022] In a preferred embodiment, after the reference pen 
prints the reference portion 308, the secondary pen prints a 
test portion 310 containing one or more test tiles 311. In an 

embodiment, the test portion 310 has a smooth ink gradation 
representing increasing ?ll densities generated by the sec 
ondary pen. The secondary pen may generate the ink gra 
dation over multiple test tiles 311, each test tile 311 having 
a ?ll density that is greater than the previous test tile 311. To 
do this, the secondary pen may ?re ink at increasing ?ll 
densities along each increment 301 to form each test tile 311. 
For example, if each test tile 311 is represented by the 10x10 
deposition point grid (such as noted above), the ?rst test tile 
311 may have 14 out of its 100 ink deposition points printed 
With ink (i.e., a ?ll density of 14%), While subsequent test 
tiles 311 may have ?ll densities increasing at a rate of 1% per 
test tile 311 along the test portion 310 up to 41% or some 
other selected or predetermined ending point. 

[0023] Note that other starting and ending levels may also 
be used to print the test portion 310. In an embodiment, the 
starting and ending drop volume and ?ll density levels 
corresponding to a minimum and a maximum ?ll density for 
the secondary pen. The maximum ?ll density may corre 
spond to, for example, a saturation threshold at Which an 
increase in ?ll density Would not change the optical sensor 
response. Further, the minimum ?ll density may be chosen 
to cover an expected or anticipated drop volume variation 
(e.g. based on manufacturing tolerances) betWeen different 
pens. Regardless of the speci?c starting and ending values 
and the ?ll density increment betWeen each test tile 311, the 
response of the secondary pen in generating the test tiles 311 
Will determine Where the secondary pen drop volume cor 
responds With the reference pen drop volume to obtain the 
drop quantity ratio (e.g., 5.0 nanograms reference/4.4 nano 
grams secondary). 

[0024] In an embodiment, the secondary pen is a loW 
dye-load pen and the test tiles 211 are printed With black ink 
from the loW dye-load pen. Black loW dye-load ink often 
provides a preferred speci?ed or an optimum signal response 
for certain light sources, such as the 420-470 nm light source 
noted in the example above. In short, the example described 
herein assumes that the 19% magenta/12% yelloW ink 
reference combination represents the drop quantity of the 
reference pen and that the black ink represents the drop 
quantity of the secondary pen. 

[0025] Referring back to the method shoWn in FIG. 2, the 
test pattern 300 is optically scanned (block 204) With an 
optical sensor, such as the optical sensor shoWn in FIG. 7. 
Preferably, an optical sensor records the signal levels of the 
test pattern 300 during the entire scan. In a preferred 
embodiment, the optical sensor ?rst scans the reference 
portion 308 and measures a calculated (e.g., an average) 
signal response of the reference portion 308. As shoWn in 
FIG. 4, the calculated signal response 400 for the reference 
portion 308 is relatively constant over its corresponding 
increment 301 because the color and the ?ll density of the 
reference portion 308 is also relatively constant. The signal 
response of each test tiles 311, hoWever, varies as the ?ll 
density varies. As shoWn in the Figure, the signal response 
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402 for the test tiles 311 gradually decreases as the ?ll 
density of the test portion 310 increases along the test pattern 
300. 

[0026] Preferably, once the entire test pattern 300 has been 
scanned (block 204), the processor 103 compares the cal 
culated (e.g., average) signal response of the reference 
portion 400 With the signal response of the test portion 402 
(block 206) and ?nds an intersection point 404 betWeen the 
calculated (e.g., average) reference portion signal response 
400 With the test portion signal response 402 (block 208). In 
an embodiment, the starting and ending portions of the 
reference portion signal response are trimmed before calcu 
lating the calculated signal response 400 to better ensure that 
the calculated signal response 400 is calculated or deter 
mined from a more stable signal and not transient data 
generated as the optical sensor measures the start and end of 
the reference portion 400. For example, Without limitation, 
the invention may scan a subject pattern a plurality of times 
(e.g., four) and then average the associated signals at each 
position. In an embodiment, the average signal response of 
the scans can then be used in connection With a line ?tting 
technique or other mathematical technique. HoWever, it is 
important to note that the invention is not limited to a 
speci?ed number of scans and any number of scans can be 
employed. 

[0027] In an embodiment, a line 406 representing the 
calculated reference portion signal response 400 is extended 
until it crosses the test portion signal response 402 at the 
intersection point 404. The optical sensor processor then 
creates a ?t line 408 based on a selected number of data 
points before and after the intersection point 404. The ?t line 
408 may also be generated using a variety of mathematical 
equations and/or approximation computations, hoWever, a 
least squares ?t method is preferred to better ensure that 
stray data points in the test portion signal response 402 do 
not give an undesirably skeWed or an inaccurate represen 
tation of the actual test portion signal response 402. In an 
embodiment, for example, the sensor samples every fourth 
data point among 600 data points before and 600 data points 
after the intersection point 404. The ?t line 408 is then 
generated from the sampled data points, and the intersection 
point 404 is re-evaluated and, if needed, re-adjusted to 
correspond With the point at Which the calculated (e.g., 
average) reference portion signal response 406 intersects 
With the ?t line 408. 

[0028] In a preferred embodiment, once the intersection 
point 404 has been found, the processor 103 determines the 
position in the test portion 300 at Which the intersection 
takes place to calculate a corresponding ?ll density for a 
secondary pen (block 210). Preferably, the optical sensor 
stores a corresponding position for each signal response. 
Further, the starting point of the test portion 310 and the 
increment siZe 301 of each test tile 311 is knoWn (or can be 
determined). By correlating the intersection point 404 With 
a given position on the x-axis of the test pattern 300 
generated by the optical sensor and determining the ?ll 
density of the test tile 311 in the test pattern 300 correspond 
ing to that position, the ?ll density of a secondary pen at that 
position can be determined. In the particular example shoWn 
in FIG. 4, the intersection point 404 appears approximately 
at position 3600. By knoWing the dimensions of each test 
tile, and knoWing the starting location/position, and the ?ll 
% of the associated pattern, the ?ll % at the match position 
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can be determined. In a preferred embodiment, the carriage 
system or pen transport system to Which the sensor is 
mechanically and electrically attached, is driven by a servo 
system that utiliZes an optical encoder to read position 
changes off of an encoder strip. The sensor and processor 
can also be used to ?nd the edge of the test pattern. The 
foregoing speci?c values are for illustrative purposes only 
and are meant to shoW the technique for correlating the 
intersection point 404 With the corresponding ?ll density in 
the secondary pen; the eXample is not meant to be limiting 
in any manner. 

[0029] The ?ll density of the secondary pen at the inter 
section point 404 is then converted into a relative drop 
quantity value that re?ects a relationship betWeen the sec 
ondary pen and the reference pen such as a drop volume 
difference betWeen the secondary pen and the reference pen 
(block 212). In an embodiment, the drop volumes of the 
reference and secondary pens, in nanograms X 1000, are 
represented as folloWs: 

reference pen drop volume=75x+2700 (1) 

secondary pen drop volume=—75x+7100 (2) 

[0030] Where X=the ?ll density. Note that the constant 
values in these equations are for illustrative purposes only 
and embodiments of the invention are not limited to the 
values described above. These equations indicate the drop 
volume that a properly or suf?ciently matched reference pen 
and secondary pen could have to reduce the magnitude of or 
better prevent undesirable shifts in color, hue, and/or 
chroma. For instance, such drop volume equations can 
estimate a drop volume value that can be used to cause an 
associated color mapping system to adjust or scale the total 
number of drops that are deposited to better achieve “cor 
rect” or desired color rendering (e.g., to better match the 
color pens Would nominally deliver). 

[0031] Illustrative equations (1) and (2) above are linear 
equations, and therefore the estimated drop quantity for both 
the reference and secondary pens can be represented by 
straight lines, as shoWn in FIG. 5. Note that values in 
Equations (1) and (2) are only one eXample of possible 
representations for the drop quantity. In practice, the equa 
tions can be determined empirically by evaluating many sets 
of pens and correlating to the ?ll % at the corresponding 
match position. Further, the invention is not limited to the 
use of linear equations and other equations may also repre 
sent the drop volumes and may be determined or developed 
empirically, for instance, to better reproduce preferred color 
output. In an embodiment, the coefficients in Equations (1) 
and (2) may be determined empirically by generating test 
patterns for multiple pens and/or printers, varying each pen 
over its full operating range, determining the relationships 
betWeen the reference and secondary pens that reduce the 
blue-yelloW shift to an acceptable level, and empirically 
determining best ?t equations linking the matched ?ll den 
sities and the drop volumes corresponding to these relation 
ships. 

[0032] FIG. 5 illustrates the eXpected drop volumes of the 
reference pen and the secondary pen for a range of full 
densities. Referring to FIG. 5 With respect to the speci?c 
eXample explained above, the secondary pen ?ll density at 
the intersection point 404 is predicted to be 28-29% if the 
pens are properly calibrated With respect to each other (e.g., 
if the ratio is 5.0 nanograms primary/4.4 nanograms sec 
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ondary). If the ratio betWeen the drop quantity of the 
reference pen and the secondary pen is higher than the 
speci?ed or desired ratio, the intersection point 404 Will 
occur at a secondary pen ?ll density that is greater than 
28-29%. Conversely, if the ratio is less than the speci?ed or 
desired ratio, the intersection point 404 Will occur at a 
secondary pen ?ll density that is less than 28-29% in this 
eXample. Of course, if the reference ?ll density is a different 
value, the actual values for a secondary pen ?ll density 
corresponding to the speci?ed ratio Will be different, but the 
characteristics indicating re-calibration Will still be the 
same. In an embodiment, an actual re-calibration process 
may involve calculating drop quantity values for primary 
and secondary pens to yield a correct drop quantity differ 
ence that can be determined, such as from a test pattern. 
With the associated drop quantities for the pens, color maps 
or color rendering can be adjusted to shift the color output 
back toWards nominal or preferred values. 

[0033] FIG. 6 is a graph illustrating one eXample of hoW 
the calibration method and system can affect the chroma of 
a printed image. In this eXample, a gray block is printed With 
the inventive calibration system (turned on and With the 
calibration system turned off) and the graph illustrates the 
chroma value of the gray block versus the ?ll % or ?ll 
density. Such a graph permits one to attempt to match the 
reference pen, Which for the current illustrative eXample, has 
a chroma of about 6. Uncompensated, the chroma for such 
a reference may vary from 0 to 17, With 0 being yelloW 
shifted and 17 being blue-shifted. With calibration, the 
variation can be reduced to about 3 to 9, i.e., about a 
threefold improvement in color variation. 

[0034] As noted above, the scanning process and various 
calculations can be conducted using an optical sensor that, 
in an embodiment, sends its data to a printer controller for 
processing. FIG. 7 is a representative diagram of an optical 
sensor 600 that could be used in embodiments of the present 
invention. Various types of optical sensors 600 can be used 
in embodiments of the invention including, but not limited 
to, optical sensors having con?gurations similar to those 
generally described in commonly-assigned US. Pat. No. 
6,062,137 to Guo et al. U.S. Pat. No. 6,036,298 to Walker, 
US. Pat. No. 6,312,075 to Walker, or US. Pat. No. 6,332, 
192 to Walker, the disclosures of Which are incorporated 
herein by reference in their entirety. 

[0035] In an embodiment, inkjet noZZles of the printheads 
are generally in-line With the sensor 600 in the X-aXis by 
?Xedly mounting the sensor 600 appropriately on the car 
riage 109 (FIG. 1). Preferably, sensor 600 optically detects 
re?ectivity values and provides electrical signals to the 
controller 103. As explained above, one or more light 
emitting diodes (“LEDs”) 602 can be mounted in the sensor 
600 to illuminate at an angle to the plane of a printing Zone 
in the printer 101. The LED 602 projects light onto the 
printed test pattern 300 and the light is then re?ected to a 
photodetector 604. The LED 602 may include a die encap 
sulated in a transparent epoXy resin body that is conformed 
to de?ne an output lens as an integral dome lens that directs 
light from the die into rays that form an illuminating beam 
606. Optical sensing and analog-to-digital (“A/D”) signal 
processing techniques may be applied to interpret the data 
received by the photodetector 604 and generate graphic 
outputs, such as the one shoWn in FIG. 4. The sensor 600 
may be coupled to the processor 103 in the printer 101 or 
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may have its oWn associated processor (not shoWn) to 
generate test pattern scan outputs for pen calibration. 

[0036] Although some optical sensors in other applica 
tions may use multiple ?lters, an optical sensor 600 used in 
an embodiment of the invention may, if desired, include only 
one ?lter because embodiments of the invention measures 
spectral response of the test pattern 300 using a narroW band 
light source (e.g., 420-470 nm in the eXample described 
above). The embodiment Would therefore use a ?lter cov 
ering the narroW band and Would not need multiple ?lters to 
accommodate one or more light sources covering a broad 
band. 

[0037] The illuminating beam 606 from the LED 602 is 
transmitted to the test pattern 300 and thereafter it is 
re?ected off the test pattern 300 as a re?ected light beam 
610. In an embodiment, the area illuminated by the LED 602 
is slightly larger than the vieWing ?eld of the photodetector 
604 to better illuminate a selected vieWing region by the 
LED 602. The re?ected light beam 610 then enters a 
condenser lens 612, Which focuses the re?ected light beam 
610 into the photodetector 604. In an embodiment, the 
condenser lens 612 has a focal length of approximately 5 
mm (millimeters), but other focal lengths may also be 
selected in other optical sensor con?gurations and imple 
mentations having different packaging and placements of the 
sensor components. The photodetector 604 then generates 
an output signal to the printer controller 102 for analysis to 
generate the test pattern scan, such as the test pattern scan in 
FIG. 4. 

[0038] Although the description above focuses on detect 
ing drop quantity variations betWeen pens in a multiple-pen 
or multi-chamber printhead, embodiments of the invention 
may be used to detect variations betWeen multiple chambers 
in a single pen as Well. Embodiments of the invention can be 
applied to, for eXample, a six-ink printer With one pen 
having high dye-load cyan, yelloW and magenta ink and one 
pen having loW dye-load cyan and magenta inks and a black 
ink. Embodiments of the invention can be used in any 
application that uses multiple ink sources to balance drop 
volume difference betWeen tWo ink sources to give a correct 
hue of the color output. 

[0039] While embodiments of the present invention have 
been particularly shoWn and described, it should be under 
stood by those skilled in the art that various alternatives to 
the embodiments of the invention described herein may be 
employed Without departing from the spirit and scope of the 
invention as de?ned in the folloWing claims. It is intended 
that the folloWing claims de?ne the scope of the invention 
and that the method and apparatus Within the scope of these 
claims and their equivalents be covered thereby. This 
description of embodiments of the invention should be 
understood to include all novel and non-obvious combina 
tions of elements described herein, and claims may be 
presented in this or a later application to any novel and 
non-obvious combination of these elements. The foregoing 
embodiments are illustrative, and no single feature or ele 
ment is essential to all possible combinations that may be 
claimed in this or a later application. Where the claims recite 
“a” or “a ?rst” element of the equivalent thereof, such claims 
should be understood to include incorporation of one or 
more such elements, neither requiring nor excluding tWo or 
more such elements. 
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1-42. (canceled) 
43. A method of calibrating a device having a ?rst ?uid 

source that ejects a ?rst drop quantity and a second ?uid 
source that ejects a second drop quantity, comprising: 

printing a pattern having a ?rst portion and a second 
portion, Wherein the ?rst portion is printed by the ?rst 
?uid source and the second portion is printed by the 
second ?uid source; 

obtaining a drop volume relationship betWeen the ?rst 
drop quantity and the second drop quantity from the 
pattern; and 

adjusting data used to determine quantities of ?uid to eject 
from the ?rst ?uid source or the second ?uid source 
based on the relationship betWeen the ?rst drop quan 
tity and the second drop quantity. 

44. The method of claim 43, further comprising: deter 
mining Whether a ratio betWeen the ?rst drop quantity and 
the second drop quantity deviates from a speci?ed ratio. 

45. The method of claim 43, further comprising: scanning 
the pattern to obtain a signal response, Wherein the obtaining 
step obtains the drop volume relationship betWeen the ?rst 
drop quantity and the second drop quantity based on the 
signal response. 

46. The method of claim 45, Wherein the signal response 
includes a ?rst portion response and a second portion 
response, and Wherein the obtaining step obtains the drop 
volume relationship by comparing the ?rst portion response 
With the second portion response. 

47. The method of claim 46, Wherein the obtaining step 
comprises: 

determining an intersection point betWeen a calculated 
value of the ?rst portion response and the second 
portion response; and 

determining the ?ll density of the ?rst portion at the 
intersection point. 

48. The method of claim 47, further comprising: 

creating a ?t line along at least a part of the signal 
response of the test portion; and 

adjusting the intersection point to an intersection betWeen 
the ?t line and the calculated value of the reference 
portion response. 

49. The method of claim 46, Wherein the ?rst portion has 
a ?Xed ?ll density and the second portion has a varying ?ll 
density. 

50. The method of claim 49, Wherein the obtaining act 
comprises: 

determining a ?ll density of the second portion corre 
sponding to a ?ll density of the ?rst portion; and 

calculating the second drop quantity from the ?ll density 
of the second portion. 

51. The method of claim 43, Wherein the pattern further 
comprises at least one selected from the group consisting of 
a spit bar and a light absorbing portion. 

52. A method comprising: 

printing a test pattern having a reference portion and a test 
portion, Wherein the reference portion is printed by a 
?rst ?uid source and the test portion is printed by a 
second ?uid source; 
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obtaining a drop volume relationship between a ?rst drop 
volume of the ?rst ?uid source and a second drop 
volume of the second ?uid source from the test pattern; 
and 

adjusting at least one value in a color map using the drop 
volume relationship betWeen the ?rst drop volume and 
the second drop volume. 

53. The method of claim 52, further comprising: scanning 
the test pattern to obtain data, Wherein the obtaining step 
obtains the drop volume relationship betWeen the ?rst drop 
volume and the second drop volume from the test pattern 
based on the data. 

54. The method of claim 53, Wherein the data includes 
reference portion data and test portion data, and Wherein the 
obtaining step obtains the drop volume relationship by 
comparing the reference portion data With the test portion 
data. 

55. The method of claim 54, Wherein the obtaining step 
comprises: 

determining an intersection point betWeen a reference line 
determined from the reference portion data and the test 
portion data; and 

determining the ?ll density of the test portion at the 
intersection point. 

56. The method of claim 55, Wherein the test line is ?t to 
at least a part of the test portion data; and determining the 
intersection point includes determining an intersection 
betWeen the ?t line and the reference line. 

57. The method of claim 54, Wherein the reference portion 
has a ?Xed ?ll density and the test portion has a varying ?ll 
density. 
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58. The method of claim 57, Wherein the obtaining step 
comprises: 

determining a ?ll density of the test portion substantially 
equal to a ?ll density of the reference portion; and 

calculating the second drop volume from the ?ll density 
of the test portion. 

59. The method of claim 52, Wherein the test pattern 
further comprises at least one selected from the group 
consisting of a spit bar and a light absorbing portion. 

60. Acalibration apparatus for a device having a ?rst ?uid 
source that ejects a ?rst drop volume and a second ?uid 
source that ejects a second drop volume, comprising: 
means for scanning a test pattern having a reference 

portion and a test portion and generating a sensor 
output, Wherein the reference portion is printed by the 
?rst ?uid source and the test portion is printed by the 
second ?uid source; 

means for obtaining a drop volume relationship betWeen 
the ?rst drop volume and the second drop volume from 
the test pattern; and 

means for changing a color map using the drop volume 
relationship. 

61. The calibration apparatus of claim 60, Wherein the 
scanning means includes means for illuminating the test 
pattern. 

62. The calibration apparatus of claim 60, further com 
prising: 

means for determining a ?ll density of the test portion 
corresponding to a ?ll density of the reference portion; 
and 

means for calculating a drop volume from the ?ll density 
of the test portion. 

* * * * * 


