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(57) ABSTRACT 

A difference in feed roller diameter from one printer to 
another causes a media to advance by a different amount for 
a given rotation of a drive shaft to Which the feed roller is 
coupled. Such variation in advance distance is a linefeed 
error. Mean linefeed error is determined and corrected by 
printing a test plot having several areas. Each area is formed 
of the same image pattern, but is printed at a different line 
feed error adjustment to compensate for mean linefeed error. 
The different adjustments are prescribed and span a typical 
compensation range for a given print engine model. The 
different adjustment factors cause banding to occur in some 
areas. The user picks one of the test pattern areas Which has 
the highest print quality (i.e., least or no banding). The line 
feed adjustment factor corresponding to such area is used for 
normal printing. 

23 Claims, 3 Drawing Sheets 
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METHOD FOR ADJUSTING DRIVE ROLLER 
LINEFEED DISTANCE 

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

BACKGROUND OF THE INVENTION 

This invention relates generally to printing control meth 
ods in which a media moves relative to a print source, and 
more particularly, to a method for controlling a drive shaft of 
a media roller. 

For desktop printers, such as inkjet printers, a media sheet 
is picked from an input tray and moved along a media path 
into a print Zone where characters, symbols or graphics are 
printed onto the media sheet. For scanning-type inkj et 
printers, the media sheet is fed incrementally as a printhead 
scans across the media sheet. Typically, the media sheet is 
moved by a linefeed distance between or during printing to a 
given line. 

The media handling system for an inkj et printer includes a 
set of rollers which move a media sheet along a media path. 
The rollers are driven by a drive shaft, which in is driven by a 
drive motor. In many instances there is intermediary gearing 
for varying the motion of the rollers. A print controller con 
trols the drive motor. 

For printing from a desktop computer, a user typically 
issues a print command within an application program envi 
ronment. A tile speci?ed by the user then is downloaded to 
the printer for printing. Typically a printer driver handles the 
communication interface between the computer and the 
printer. For text printing a conventional print driver issues 
linefeed commands within a stream of character data so that 
the character data is printed in a desired visual format, (e.g., 
with desired margins and desired line spacing). The print 
controller controls timing for printing characters that 
achieve the desired format. Such timing is determined by the 
print driver commands, the data stream and ?xed param 
eters. The ?xed parameters are based upon a given physical 
con?guration of a printer. Linefeed distance typically is 
based upon one or more of these ?xed parameters for text, 
graphic and imaging processing. For example, for text print 
ing the line spacing (e.g., l, 1.5 or 2) is based upon the ?xed 
linefeed parameter. This invention is directed to a method for 
adjusting the linefeed distance. 

SUMMARY OF THE INVENTION 

According to the invention, mean linefeed error for a print 
engine is determined and corrected. The print engine is con 
?gured to provide closed loop control over a drive shaft. The 
drive shaft rotates feed rollers which advance a media sheet 
along a media path. The print engine includes, among other 
components, a print controller, a drive motor, an encoder, 
and the drive shaft. The print controller issues signals to the 
drive motor for controlling the drive motor. The drive motor 
in turn rotates the drive shaft. The feed rollers are coupled to 
the drive shaft. The encoder detects the drive shaft position. 
Such position is fed back to the print controller to complete 
the closed loop control. The print controller is able to adjust 
the signal to the motor to control drive shaft movement. 
One aspect of this invention is to correct linefeed errors 

that are not compensated for by the closed loop control of 
the drive shaft. A source of mean linefeed error in such a 
closed loop system is feed roller diameter variation. 
Although the closed loop system accounts for drive shaft 
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2 
position, the diameter of the feed rollers moving with the 
drive shaft may vary from printer to printer (and may vary 
over time). Differences in feed roller diameter cause a media 
to advance by a different amount for a given rotation of the 
drive shaft. In addition, variation in pinch roller force among 
printers cause different compression of the feed rollers. 
Thus, variation in pinch roller force also alters the diameter 
of the feed rollers, and in turn the media advance distance for 
a given rotation of the drive shaft. 

According to one aspect of this invention, a test plot 
including several areas is printed. Each area is formed of the 
same image test pattern, but is printed at a different linefeed 
adjustment to compensate for mean linefeed error. The dif 
ferent adjustments are prescribed and span a typical com 
pensation range for a given print engine model. The test plot 
is prescribed to be a test pattern which exhibits characteris 
tics enabling a viewer to perceive the effects of linefeed 
error. In one embodiment the test pattern is a gray scale 
pattern. The different adjustment factors for the different 
areas of the test plot cause a banding artifact to occur. For 
example, white bands in an area of the plot indicate over 
feeding. Dark bands in an area of the plot indicate under 
feeding. The user picks the one of the test plot areas which 
the viewer perceives as having the highest quality (i.e., least 
or no banding). The linefeed adjustment factor correspond 
ing to such test pattern area is used thereafter for normal 
printing. 

According to another aspect of this invention, a user is 
able to run the calibration method at any time during the life 
of the printer to recalibrate the linefeed adjustment factor. 
Linefeed error is calibrated originally for each given print 
engine. Linefeed error also can be recalibrated per the user’ s 
discretion, per a manufacturer’s suggested time interval, or 
per changes in the environment. It is desirable that a user be 
able to recalibrate the linefeed error at any time based upon 
the user’s discretion. The manufacturer also may suggest a 
time interval to recalibrate based upon expected changes 
over the useful life of the printer. For example, the feed roller 
diameter may wear down over time. For some print engines 
this may not introduce a signi?cant change in print quality, 
but for other high precision print engines even such change 
in diameter may adversely impact image quality. 

According to another aspect of this invention, the print 
controller tracks the life of the feed rollers, (e.g., pages 
printed; linear distance printed). In one embodiment, the 
linefeed error adjustment factor is varied as a function of life 
of the rollers (e.g., pages printed; linear distance printed). 

Changing the environment of the printer also may impact 
the roller diameter. For example, cooler temperature envi 
ronments may cause less roller friction than higher tempera 
ture environments. A reduced roller friction may cause or 
alter slippage of the media during rotation of the rollers. 
Again as print quality standards are driven higher such slip 
page may not be tolerable. Accordingly, a user can recali 
brate when operating in a different environment having a 
different temperature or humidity. 

In an alternative embodiment, the method is used for cali 
brating swath height error. Swath height error is a variation 
between the outer distance (in the direction of media travel) 
among noZZles in a noZZle array of the printhead and the 
outer distance among dots printed by such noZZles. For 
example, a printhead having a 0.5 inch printing swath at the 
printhead surface which results in a 0.501 inch ink swath at 
the media sheet exhibits a 0.001 inch swath height error. 
Such error occurs, for example, when the media is not paral 
lel to the printhead (i.e., the distance from a ?rst noZZle to 
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the media is different than from another nozzle to the 
media). As for the linefeed adjustment correction, a test plot 
having multiple areas is printed. Each area has the same test 
pattern, but is printed at a different sWath height adjustment 
factor. Again the best adjustment is perceived by the vieWer 
as the test pattern area With least or no banding. The sWath 
height error adjustment is set to the value corresponding to 
the selected area of the test plot. 

According to another aspect of this invention, the linefeed 
adjustment factor is varied for different media. Typically, a 
user is able to pick a paper setting for a document, ?le or 
image to be printed. For example, a user often is able to 
select among standard and non-standard stocks (e.g., 
Weights, thicknesses) of media. Often the user can even pick 
among specialty media (e.g., photographic paper, 
transparencies, coated paper, envelopes, index cards, greet 
ing cards, craft project media). In some printers a user can 
even de?ne custom media, such as fabric, t-shirt transfer 
media, slide projector images, or lunch bags. The linefeed 
error may vary according to the media thickness and ?nish. 
Thickness directly relates to the media advance for a given 
rotation of the drive shaft. Finish impacts the linefeed error 
based upon the variation in friction of the ?nish. The impact 
on linefeed error can be computed as a variation relative to 
standard stock paper With a standard ?nish. When a user 
selects a given paper type or stock, the precomputed varia 
tion is combined With the calibrated mean linefeed error 
adjustment to come upon With an neW linefeed adjustment to 
be used When printing such media. Alternatively, a calibra 
tion can be performed for any one or more paper stocks and 
?nishes. 
One advantage of the invention is that mean linefeed error 

for a speci?c printer is calibrated. Thus, manufacturing tol 
erances for a given printer model (e.g., roller diameter 
tolerances) Which result in different mean linefeed error for 
different specimens of such model need not be as tight to 
achieve desired print quality. Another advantage is that cali 
bration can be achieved using the naked eye Without the need 
for separate, expensive measurement devices. Thus, the cali 
brations can be performed at home, in the o?ice, or at loW 
cost service centers. Another advantage is that the calibra 
tion can be reperformed over the life of the printer. An 
advantage of having a linefeed adjustment factor Which var 
ies as a function of the media type is that better print quality 
is achieved across a Wider range of media types and Weights. 
A bene?t of this calibration method is that image size is 

more accurately controlled. Previously, some printers have 
not alloWed the printing region to span the entire page. A 
border area at the paper margins has been required to alloW a 
distance for over-advances. Because the over-advancing is 
being reduced, the area allotted for the image can be 
increased for a given media size. In addition, better control 
of image size alloWs for more accurate reproduction of 
images because distortion from over-advancing and under 
advancing is reduced or eliminated. These and other aspects 
and advantages of the invention Will be better understood by 
reference to the folloWing detailed description taken in con 
junction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a host system for implement 
ing a method embodiment of this invention; 

FIG. 2 is a control diagram of the media handling during a 
print job; 

FIG. 3 is a vieW of a drive shaft With rollers, drive motor, 
gearing and encoder for partially implementing close loop 
control of the drive shaft; 
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4 
FIG. 4 is a diagram depicting different linefeed distances 

for rollers of differing diameter; 
FIG. 5 is a test plot according to an embodiment of this 

invention; and 
FIG. 6 is a diagram of a printhead nozzle array and a 

corresponding array of printed dots. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
Host Environment 
As used herein the term computer includes any device or 

machine capable of accepting data, applying prescribed pro 
cesses to the data, and supplying results of the processes. 
FIG. 1 shoWs a host system 10, including a computer system 
12 of the kind Well knoWn in the art, along With a printer 14. 
The host system 10 is con?gured to implement the method 
and apparatus of this invention. The computer system 12 
includes a display monitor 16, a keyboard 18, a pointing/ 
clicking device 20, a processor 22, memory 24, a printer 
interface 26, a communication or netWork interface 28 (e. g., 
modem; ethemet adapter), and a non-volatile storage device 
30, such as a hard disk drive, ?oppy disk drive and/or 
CD-ROM drive. The memory 24 includes storage area for 
the storage of application program code, operating system 
code, and data. The processor 22 is coupled to the display 
16, the memory 24, the keyboard 18, the point/clicking 
device 20, the printer interface 26, the communication inter 
face 28 and the storage device 30. The processor 22 commu 
nicates With the printer 14 through the printer interface 26 or 
communication/netWork interface 28. The interface 28 pro 
vides a channel for communication With other computers 
and data sources linked together in a local area netWork 
and/or a Wide area network. The computer system 12 may be 
any of the types Well knoWn in the art, such as a mainframe 
computer, minicomputer, Workstation, personal computer, 
netWork computer or netWork terminal. Functions described 
herein are implemented by the printer 14. Some functions 
may be performed by the computer system. The function 
performed by the computer system may be allocated among 
different computer systems. 
The printer 14 includes a data interface 32, a print control 

ler 34, memory 36, a print source 38 and a media handling 
subsystem 40. Typically a user Works in a computing envi 
ronment on the host system 10. During their Work, the user 
may issue a print command to print out a ?le, document or 
image at the printer. Conventionally, the computer 12 
includes a print driver stored in memory 24. The print driver 
includes code and data for implementing communication 
betWeen the computer 12 and printer 14. When the user 
issues a print command, one of the variables speci?ed With 
the command is a ?le, document, image or portion thereof to 
be printed. The print driver prepares the document, ?le, 
image or portion according to a given protocol as a print job 
and doWnloads the print job to the printer 14 via the comput 
er’s interface 26 and the printer’ s data interface 32. The print 
controller 34 stores the print job data in memory 36 and 
controls the printing operation. In particular the print con 
troller 34 synchronizes the media handling system 40 and 
the print source 38 during printing. The print source 38 is, 
for example, an inkj et pen having a printhead and an array of 
nozzles. The media handling subsystem 40 picks a media 
sheet and moves the media sheet along a media path. By 
synchronizing the ejection of ink onto the media sheet With 
the movement of the media sheet, an image is printed onto 
the media sheet. 
Media Handling and Control 

FIG. 2 depicts media handling and control How for print 
ing to a media sheet 44. The media sheet 44 is picked from 
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an input region, such as a paper tray 45 paper stack or feed 
slot, and fed by feed rollers 46 along a media path into a 
print Zone 48. The print source 38 is situated to apply ink I or 
another print substance to the media sheet 44 portion Within 
the print Zone 48. For and inkjet printer the print source 38 is 
an inkj et pen and the print substance includes drops of liquid 
ink Which are ejected from printhead noZZles on the pen. 
Pinch rollers 50 press the media sheet 44 to the feed rollers 
46 so that the rotation of the feed rollers 46 causes the media 
sheet 44 to progress along the media path. 
The feed rollers 46 are mounted onto a drive shaft 52 and 

move With the drive shaft 52. Referring to FIG. 3, the drive 
shaft 52 is an elongated axle Which rotates under a force 54 
generated by a drive motor 56 applied through gear structure 
58 (e.g., pinion gear 53, cluster gear components 55, 57, and 
drive gear 59). A code Wheel 61 is located along the drive 
shaft 52. Encoder 60 reads the position of the code Wheel 61. 
Another encoder 63 is included in some embodiments for 
calibrating the eccentricity and detecting the home position 
of the code Wheel 61. In one embodiment the drive motor is a 
stepper motor that moves the drive shaft 52 in steps. The 
encoder 60 tracks such steps by monitoring the code Wheel 
61 and generating a feedback signal 62 Which is input to the 
print controller 34. The print controller 34 in turn generates a 
drive signal 64 for controlling the drive motor 56. The drive 
signal 64 is derived so as to incrementally turn the drive shaft 
52 and incrementally advance the media sheet 44 In another 
embodiment, the drive signal 64 turns the drive shaft 52 in a 
continuous manner. Regardless of Whether the drive shaft 52 
is turned in a continuous manner or in increments, a speci?c 
arc turn of the shaft corresponds to a linefeed distance for a 
print job. Because of the closed loop feedback achieved With 
the encoder 60, very precise arc turns are achieved by the 
drive motor 56 at the drive shaft 52. Note, hoWever, that it is 
the arc rotation of the drive shaft 52 that is controlled, rather 
than a precise linefeed distance of a media sheet 44. For a 
given arc rotation the distance a media sheet 44 Will move 
varies depending upon the diameter of the roller 46. A 
smaller diameter roller Will move the media sheet 44 a 
shorter distance than a larger diameter roller for the same arc 
rotation of the drive shaft 52. FIG. 4 shoWs tWo rollers 70, 72 
of differing diameter. Roller 70 has the larger diameter of the 
tWo rollers 70, 72. For a given arc rotation (e.g., 6), the 
media sheet 44 advances a distance d1 if fed along by the 
larger roller 70, and a distance d2 if fed along by the smaller 
roller 72. As shoWn in FIG. 4, feed distance d1 is longer than 
feed distance d2. Accordingly, even though there is closed 
loop control of the drive shaft 52, it is desirable to calibrate 
the linefeed error adjustment to account for variations in 
roller 46 diameter from one printer to another printer. 

It is expected that the rollers 46 of each printer for a given 
printer model Will have approximately the same diameter. 
HoWever, as desired print quality increases, the tolerances 
for roller diameter may not be satisfactory to achieve the 
desired print quality. According to an aspect of this 
invention, mean linefeed error is determined and corrected 
so as to calibrate mean linefeed error for a given printer 

specimen (of a given printer model). Thus, even if tWo 
printer specimens 14 have slightly different roller diameters, 
the mean linefeed error can be calibrated for each specimen 
so as to print at the desired print quality. Such calibration can 
be performed in the factory and at times thereafter to account 
for changes in mean linefeed error caused by (i) Wear of the 
roller 46, (ii) varied pressure applied to the roller 46 by the 
pinch roller 50, or (iii) different environmental conditions 
causing the roller 46 to exhibit different coef?cients of sur 
face friction. Differences in friction impact the amount of 
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6 
slippage of the media sheet 44 While driven by a roller 46. 
The coe?icient of friction for the roller may vary as the roller 
46 Wears aWay and as the printer is operated in different 
environmental conditions. For example if the printer 14 is 
moved to a cooler Working environment, then the coef?cient 
of friction at the outer surface of the roller 46 may vary 
causing more slippage to occur. By recalibrating for the neW 
environment, the printer 14 is able to achieve a desired/rated 
print quality. 
Method for Calibrating Mean Linefeed Error 

To account for difference in roller diameter from printer to 
printer a linefeed error adjustment parameter is de?ned for 
the speci?c printer. Such parameter is derive from a calibra 
tion process. Given the speci?c tolerances for the rollers 46 
of a printer model, it is expected that the linefeed error 
adjustment Will be Within a knoWn range of values. Values 
Within such knoWn range are stored in memory 36 of the 
printer 14. One of such values is to be selected during the 
calibration process to serve as the normal value for the line 
feed error adjustment parameter. 

To perform the calibration process, a user, such as an end 
user or technician, enters an appropriate command at a user 
interface. In an alternative embodiment the process is auto 
matically commenced at a given time (e.g., at poWer up; 
after a prescribed interval of time; after a prescribed amount 
of use). For a user-initiated calibration process, the user 
interface is embodied at a control panel of the printer 14 or 
by the keyboard 18/mouse 20 and display 16 of the computer 
system 12. For a control panel embodiment, the user presses 
a dedicated button or makes a menu selection. For either 

embodiment of the user-initiated process, a command is gen 
erated at the print controller 34 to print out a test plot onto 
the media sheet 44. Similarly for the automatically started 
calibration process, a similar command as generated or the 
print controller 34 determines itself to commence the pro 
cess. 

The print controller 34 causes a test plot to be printed onto 
the media sheet 44 upon commencement of the calibration 
process. The test plot is a test pattern Which is printed mul 
tiple times using different values for the linefeed error 
adjustment parameter. Such values are those values Within 
the knoWn range of values for the printer model Which are 
stored (e.g., embedded) in memory 36. FIG. 5 shoWs an 
examplary test plot 80. The test plot 80 is formed of multiple 
areas 82, 84, 86, 88 and 90. Each area of the test plot is ofa 
common image pattern. In the illustrated embodiment the 
common image pattern is a gray scale pattern. Notice that 
the image pattern gets darker from the top of a respective 
image area to the bottom of the same image area. In altema 
tive embodiments the pattern may vary along a different 
direction. Although the image pattern is the same for each 
area 82*90, a handing artifact occurs to different degrees in 
the respective image areas 82*90. The degree of banding 
Which occurs in a given area 82*90 Will vary depending on 
the mean linefeed error for the printer specimen being cali 
brated. For the plot shoWn in FIG. 5 dark banding occurs in 
areas 82 and 84, no banding occurs in area 86 and light 
banding occurs in areas 88 and 90. The dark banding corre 
sponds to under-feeding a linefeed distance. Because the 
linefeed distance is too little there is an overlap in printing 
causing dark bands 92 to occur in areas 82 and 84. The light 
banding corresponds to over-feeding a linefeed distance. 
Because the linefeed distance is too long, there are blank 
areas Where the ink did not print onto the page. These blank 
areas are the light bands 94 Which appear in areas 88 and 90. 
Area 86 has no banding because the linefeed distance is just 
right. As described, above a different value for the linefeed 



US RE40,775 E 
7 

error adjustment parameter is used for each area 82*90. For 
the illustrated test plot 80, the linefeed error adjustment 
parameter is successively increased among the areas 82 to 
90. As a result, area 82 has the Widest dark bands 92. The 
bands 92 gets narroWer in area 84, are absent in area 86 
become light bands 94 in area 88 and become Wider light 
bands 94 in area 90. Note that the contrast betWeen the 
banded and non-banded areas are exaggerated for purposes 
of illustration. In addition the Width of the bands are exag 
gerated for purposes of illustration. In an actual test plot 
there is a perceivable difference in banding among the areas 
82*90, but not to the exaggerated extent shoWn in FIG. 5. 

With the test plot 80 printed out onto a media sheet 44, the 
operator is able to vieW the areas 82*90 and determine 
Which area has the most desirable print quality. It is expected 
that the most desirable print quality corresponds to the area 
having no banding or the least banding. For the embodiment 
illustrated the third area 86 lacks banding. Thus, the operator 
selects the third area 86. In other exemplary calibration runs 
a different area may result in the best print quality. The 
operator inputs the choice of area With the best print quality 
via the user interface (e.g., the keyboard and/o mouse; or the 
printer control panel). Alteratively, the operator can termi 
nate the process Without calibration occurring, or the process 
can terminate automatically if the operator does not input a 
selection Within a prescribed time period. Such alternatives 
are particularly bene?cial for the embodiments in Which the 
calibration process commences automatically. 
When the operator enters a selection, the print controller 

34 receives an indication of the selected area 86. The print 
controller 34 identi?es the linefeed error adjustment param 
eter value that Was used to print the test pattern in the 
selected area 86 and sets the normal value to such identi?ed 
value. The normal value is stored in memory (e.g., memory 
36; memory 24; or disk 30). Thereafter during normal print 
jobs, the linefeed error adjustment parameter is such normal 
value. 

The media sheet for calibrating the normal value for the 
linefeed error adjustment parameter can be any media used 
by the printer 14. In a preferred embodiment the media sheet 
44 used for calibration is a standard stock media of standard 
?nish. In another preferred embodiment the media sheet 44 
is the standard media predominantly used for such printer 
14. In an alternative embodiment a media sheet supplied 
according to the manufacturer’s speci?cation is used for the 
calibration. 
Adjustments to the Linefeed Error Adjustment Parameter 
An operator is able to run the calibration process at any 

time during the life of the printer 14 to recalibrate the line 
feed adjustment factor. Linefeed error is calibrated origi 
nally for each given printer specimen. Linefeed error also 
can be recalibrated per the user’s discretion, per a manufac 
turer’s suggested time interval, or per changes in the envi 
ronment. It is desirable that a user be able to recalibrate the 
linefeed error at any time based upon the user’s discretion. 
The manufacturer also may suggest a time interval to recali 
brate based upon expected changes over the useful life of the 
printer. For example, the feed roller 46 diameter may Wear 
doWn over time. For some printers this may not introduce a 
signi?cant change in print quality, but for other high preci 
sion printers, even such change in diameter may adversely 
impact image quality. 

Changing the environment of the printer also may impact 
the roller diameter. For example, cooler temperature envi 
ronments may cause less roller friction than higher tempera 
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8 
ture environments. A reduced roller friction may cause or 
alter slippage of the media sheet 44 during rotation of the 
rollers 46. Again as print quality standards are driven higher 
such slippage may not be tolerable. Accordingly, an operator 
can recalibrate When operating in a different environment 
having a different temperature or humidity. 

In some embodiments the normal value for the linefeed 
error adjustment parameter is varied over time or varied tem 
porarily for a given print job. It is expected that over time the 
diameter of the rollers 46 may change due to Wear and pres 
sure from the pinch rollers 50. The change in roller diameter 
over time is determined empirically during development of a 
given printer model. Time in such case refers to the amount 
of printing done by the computer. This can be measured in 
linear feet that the rollers 46 rotate or number of revolutions 
of the drive shaft 52, or the number of pages printed, or 
another measure indicate of, or generally correlating to, 
Wear on the roller 46. Whatever the measure, such measure 
is tracked during the life of the printer 14 to determine What 
the expected Wear is on the rollers 46. More speci?cally, a 
factor for adjusting the normal value is applied. In some 
embodiments an original normal value is determined at the 
factory and permanently stored. A current normal value then 
is derived from this permanent value based upon the life of 
the printer. For example if rotations of the drive shaft is the 
measure and is tracked, then the normal value is derived 
from the permanent value and the current number of rota 
tions of the drive shaft. Such update can occur With every 
print job or after a prescribed number of drive shaft rotations 
or upon request by an operator. 

In another embodiment Whenever an operator recalibrates 
the linefeed error adjustment parameter the current value of 
the life measure (e.g., drive shaft rotations) also is stored. 
When the current normal value is later updated 
automatically, the value is derived from the previously 
stored normal value and life measure value and the current 
life measure value. In such embodiment the permanent nor 
mal value may be used With the previously stored normal 
value and measure and the current measure to interpolate the 
neW normal value. 

A temporary value for the linefeed error adjustment 
parameter also is derived in some embodiments for the spe 
ci?c print job. For example, the linefeed error may vary 
according to the media thickness and ?nish. Thickness 
directly relates to the media advance for a given rotation of 
the drive shaft. Finish impacts the linefeed error based upon 
the variation in friction of the ?nish. The impact on linefeed 
error can be computed as a variation relative to standard 

stock paper With a standard ?nish. When a user selects a 

given paper type or stock, the precomputed variation is com 
bined With the calibrated mean linefeed error adjustment 
parameter’s normal value to come up With a temporary value 
to be used When printing such media. Alternatively, a cali 
bration can be performed for any one or more paper stocks 
and ?nishes and a normal value stored for each such stock or 
?nish. 

Typically, a user speci?es the media type for a print job 
from a menu listing of choices. Often a print driver alloWs 
the user to specify standard stock, card stock, or envelope 
stock. Stock typically refers to a Weight or thickness of the 
media. Some printers also include choices for specialty 
paper, such as photography paper, glossy/coated paper, 
transparencies, envelopes, index cards, greeting cards, or 
craft project media. In some printers a user can even de?ne 
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custom media, such as fabric, t-shirt transfer media, slide 
projector images, or lunch bags. Factors for altering the nor 
mal value are derived during development of a print model 
and stored in the memory 36 for each media type or thick 
ness or ?nish supported. When a print job is received the 
print controller determines the media type, thickness, or ?n 
ish and adjusts the normal value to derive a temporary value 
for the linefeed error adjustment parameter for the current 
job. Such temporary value may be computed at the time of 
calibration and stored for the given media type, thickness or 
?nish, or may be derived at run-time for each print job. 
According to one embodiment a temporary value is derived 
for a given media type as speci?ed for the print job. Accord 
ing to another embodiment a temporary value is derived for a 
given media thickness speci?ed for the print job. According 
to yet another embodiment a temporary value is derived for a 
given media ?nish as speci?ed for the print job. 
SWath Height Error Calibration 

In some embodiment the calibration process alternatively 
or in addition, serves to calibrate a sWath height error adjust 
ment parameter. In particular, the calibration process cor 
rects for the presence of both linefeed error and sWath height 
error by deriving either or both of a sWath height error 
adjustment factor or a linefeed error adjustment factor. 
SWath height error is a variation betWeen the outer distance 
(in the direction of media travel) among noZZles in a noZZle 
array of the printhead and the outer distance among dots 
printed by such noZZles. FIG. 6 shoWs an array 96 of noZZles 
97 on a printhead 98 of a inkjet pen print source 38 Also 
shoWn is an array 100 of dots 102 resulting from ejection of 
ink from such noZZles 97 onto a media sheet 44. The dis 
tance 11 corresponds to the linear span of the noZZles 97 in 
the direction of motion of the media sheet 44 along the 
media path during printing. The distance 12 corresponds to 
the linear span of the resulting dots 102 in the same direction 
of motion. The difference betWeen 12 and 11 is the sWath 
height error. Such error occurs, for example, When the media 
sheet 44 is not parallel to the printhead 98 (i.e., the distance 
from a ?rst noZZle to the media is different than from another 
noZZle to the media). As for the linefeed adjustment 
correction, a test plot 80 having multiple areas 82*90 is 
printed as shoWn in FIG. 5. Each area has the same test 
pattern (e.g., gray scale image or another pattern), but is 
printed at a different sWath height adjustment factor. Again 
the best adjustment is perceived by the vieWer as the test 
pattern area of the areas 82*90 With least or no banding. Per 
the illustrated test plot 80, the area 86 demonstrates the 
sWath height error adjustment parameter value Which results 
in the best print quality. The sWath height error adjustment 
parameter is set to the value corresponding to the selected 
area of the test plot 80. The indication of Which area is 
selected by the operator is performed in the same manner as 
described above for the linefeed error adjustment parameter 
calibration. 
Mentonous and Advantageous Effects 
One advantage of the invention is that mean linefeed error 

for a speci?c printer is calibrated. Thus, manufacturing tol 
erances for a given printer model (e.g., roller diameter 
tolerances) Which result in different mean linefeed error for 
different specimens of such model need not be as tight to 
achieve desired print quality. Another advantage is that cali 
bration is achieved using the naked eye Without the need for 
separate, expensive measurement devices. Thus, the calibra 
tions can be performed at home, in the o?ice, or at loW cost 
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10 
service centers. Another advantage is that the calibration can 
be reperformed over the life of the printer. An advantage of 
having a linefeed adjustment factor Which varies as a func 
tion of the media type is that better print quality is achieved 
across a Wider range of media types and Weights. 
A bene?t of this calibration method is that image siZe is 

more accurately controlled. Previously, some printers have 
not alloWed the printing region to span the entire page. A 
border area at the paper margins has been required to alloW a 
distance for over-advances. Because the over-advancing is 
being reduced, the area allotted for the image can be 
increased for a given media siZe. In addition, better control 
of image siZe alloWs for more accurate reproduction of 
images because distortion from overadvancing and underad 
vancing is reduced or eliminated. 

Although a preferred embodiment of the invention has 
been illustrated and described, various alternatives, modi? 
cations and equivalents may be used. For example, although 
only drive shaft having one or more rollers has been 
illustrated, other embodiments may include multiple drive 
shafts controlled in common through the drive motor and 
intermediary gear structures. In such embodiment the feed 
back signal 62 is generated by monitoring the position of one 
of the drive shafts With the linear encoder 60. In another 
alternative embodiment one or more sensors are included in 

the printer to detect the media type, media thickness and/or 
media stock. For example, an optical sensor is included in 
one embodiment for detecting transparencies. In another 
embodiment sensors detect the length and or Width of the 
media sheet to determine the media siZe. A default media 
type then is looked up for the media siZe. This is particularly 
useful for detecting envelope media and postcard media. 
Therefore, the foregoing description should not be taken as 
limiting the scope of the inventions Which are de?ned by the 
appended claims. 
What is claimed is: 
1. A method for calibrating, as part of a printing method, a 

value for a sWath height error adjustment of a given inkjet 
printhead to avoid a banding artifact on a printed media 
sheet, comprising the steps of: 

printing on a media sheet With the given inkj et printhead a 
test plot having a plurality of non-overlapping areas, 
each area being a common image printed using a differ 
ent value of the sWath height error adjustment; 

receiving an input indicating for Which one area of the 
plurality of areas the common image exhibits either the 
absence of or the least amount of the banding artifact 
Within said common image as perceived by a person 
vieWing the media; 

setting the value to the sWath height error adjustment cor 
responding to the indicated one area, Wherein the set 
value is a ?rst value; 

identifying a selected media type for a print job; 
determining a second value for the sWath height error 

adjustment for use in printing onto the identi?ed media 
type; 

printing the print job onto a media sheet using the second 
value for the sWath height error adjustment; and 

prestoring a set of alternate values for the sWath height 
error adjustment, Wherein each one of the set of alter 
nate values corresponds to a different media type; and 

Wherein the step of determining comprises looking up one 
of the set of alternate values based upon the identi?ed 
media type. 
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2. A method for determining a [normal] value for a line 
feed error adjustment parameter of a printer, comprising the 
steps of: 

printing on a media a test plot having a plurality of non 
overlapping areas, each area being a common image 
printed using a different value for the linefeed error 
adjustment parameter; 

receiving an input indicating Which one area of the plural 
ity of areas has a highest print quality as perceived by a 
person vieWing the media; [and] 

setting the [normal] value of the linefeed error adjustment 
parameter to the value corresponding to the indicated 
one area; and 

[in Which the] varying the linefeed error adjustment 
parameter value [is] automatically [varied] in corre 
spondence With a [schedule] life cycle of [roller Wear] 
the printer. 

3. An apparatus Which prints a test plot onto a media sheet 
to calibrate a normal value for a linefeed error adjustment 
parameter, the apparatus comprising: 

a drive motor; 

a drive shaft driven by the drive motor; 

a roller coupled to the drive shaft Which moves With the 

drive shaft; 
an encoder Which generates a ?rst signal corresponding to 

position of the drive shaft; 
a print controller Which receives the ?rst signal and in 

response generates a second signal fed to the drive 
motor for controlling the drive motor; 

memory Which stores a test pattern and a range of adjust 
ments for the linefeed error adjustment parameter; 

a print source Which during calibration of the linefeed 
error adjustment parameter prints the test plot, the test 
plot having a plurality of non-overlapping areas, each 
area including the stored test pattern printed With a dif 
ferent value for the linefeed error adjustment 
parameter, Wherein the different values are based upon 
the stored range of adjustments of the linefeed error 
adjustment parameter; 

a user interface at Which a user generates an input indicat 

ing one area of the plurality of areas; and 

processing means Which receives the input and in 
response sets the normal value for the linefeed error 
adjustment parameter to be the value corresponding to 
the indicated one area of the plurality of areas of the test 
plot; 

Wherein the drive motor, drive shaft, roller, encoder and 
print controller are part of a printer, the apparatus fur 
ther comprising: 

means for tracking the use of the printer, and Wherein the 
processing means varies the normal value of the line 
feed error parameter value as a function of the tracked 
usage of the printer. 

4. The apparatus of claim 3, Wherein the tracking means 
tracks life of the roller and the processing means varies the 
normal value of the linefeed error parameter value as a func 
tion of the life of the roller. 

5. An apparatus Which prints a test plot onto a media sheet 
to calibrate a normal value for a linefeed error adjustment 

parameter, the apparatus comprising: 
a drive motor; 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
a drive shaft driven by the drive motor; 
a roller coupled to the drive shaft Which moves With the 

drive shaft; 
an encoder Which generates a ?rst signal corresponding to 

position of the drive shaft; 
a print controller Which receives the ?rst signal and in 

response generates a second signal fed to the drive 
motor for controlling the drive motor; 

memory Which stores a test pattern and a range of adjust 
ments for the linefeed error adjustment parameter; 

a print source Which during calibration of the linefeed 
error adjustment parameter prints the test plot, the test 
plot having a plurality of non-overlapping areas, each 
area including the stored test pattern printed With a dif 
ferent value for the linefeed error adjustment 
parameter, Wherein he different values are based upon 
the stored range of adjustments of the linefeed error 
adjustment parameter; 

a user interface at Which a user generates an input indicat 

ing one area of the plurality of areas; and 
processing means Which receives the input and in 

response sets the normal value for the linefeed error 
adjustment parameter to be the value corresponding to 
the indicated one area of the plurality of areas of the test 
plot; 

Wherein the drive motor, drive shaft, roller, encoder and 
print controller are part of a printer, and Wherein the 
apparatus further comprises, a host computer, the host 
computer sending to the printer a command indicating 
media type for an ensuring print job, the apparatus fur 
ther comprising: 

means for deriving a temporary linefeed error parameter 
value for use in printing said ensuring print job Which is 
derived as a function of the normal value of the linefeed 
error adjustment parameter and the indicated media 
type. 

6. An apparatus Which prints a test plot onto a media sheet 
to calibrate a normal value for a linefeed error adjustment 
parameter, the apparatus comprising: 

a drive motor; 

a drive shaft driven by the drive motor; 
a roller coupled to the drive shaft Which moves With the 

drive shaft; 
an encoder Which generates a ?rst signal corresponding to 

position of the drive shaft; 
a print controller Which receives the ?rst signal and in 

response generates a second signal fed to the drive 
motor for controlling the drive motor; 

memory Which stores a test pattern and a range of adjust 
ments for the linefeed error adjustment parameter; 

a print source Which during calibration of the linefeed 
error adjustment parameter prints the test plot, the test 
plot having a plurality of non-overlapping areas, each 
area including the stored test pattern printed With a dif 
ferent value for the linefeed error adjustment 
parameter, Wherein the different values are based upon 
the stored range of adjustments of the linefeed error 
adjustment parameter; 

a user interface at Which a user generates an input indicat 

ing one area of the plurality of areas; and 
processing means Which receives the input and in 

response sets the normal value for the linefeed error 
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adjustment parameter to be the value corresponding to 
the indicated one area of the plurality of areas of the test 
plot; 

Wherein the memory stores adjustment factors corre 
sponding to different media types and Wherein the pro 
cessing means adjust the linefeed error adjustment 
parameter for a given print job based upon the media 
type for said print job. 

7. An apparatus Which prints a test plot onto a media sheet 
to calibrate a normal value for a linefeed error adjustment 

parameter, the apparatus comprising: 
a drive motor; 

a drive shaft driven by the drive motor; 

a roller coupled to the drive shaft Which moves With the 
drive shaft; 

an encoder Which generates a ?rst signal corresponding to 
position of the drive shaft; 

a print controller Which receives the ?rst signal and in 
response generates a second signal fed to the drive 
motor for controlling the drive motor; 

memory Which stores a test pattern and a range of adjust 
ments for the linefeed error adjustment parameter; 

a print source Which during calibration of the linefeed 
error adjustment parameter prints the test plot, the test 
plot having a plurality of non-overlapping areas, each 
area including the stored test pattern printed With a dif 
ferent value for the linefeed error adjustment 
parameter, Wherein the different values are based upon 
the stored range of adjustments of the linefeed error 
adjustment parameter; 

a user interface at Which a user generates an input indicat 

ing one area of the plurality of areas; and 

processing means Which receives the input and in 
response sets the normal value for the linefeed error 
adjustment parameter to be the value corresponding to 
the indicated one area of the plurality of areas of the test 
plot; 

Wherein the memory stores adjustment factors corre 
sponding to different media stocks and Wherein the pro 
cessing means adjusts the linefeed error adjustment 
parameter for a given print job based upon the media 
stock for said print job. 

8. An apparatus Which prints a test plot onto a media sheet 
to calibrate a normal value for a linefeed error adjustment 

parameter, the apparatus comprising: 
a drive motor; 

a drive shaft driven by the drive motor; 
a roller coupled to the drive shaft Which moves Within the 

drive shaft; 
an encoder Which generates a ?rst signal corresponding to 

position of the drive shaft; 
a print controller Which receives the ?rst signal and in 

response generates a second signal fed to the drive 
motor for controlling the drive motor; 

memory Which stores a test pattern and a range of adjust 
ments for the linefeed error adjustment parameter; 

a print source Which during calibration of the linefeed 
error adjustment parameter prints the test plot, the test 
plot having a plurality of non-overlapping areas, each 
area including the stored test pattern printed With a dif 
ferent value for the linefeed error adjustment 
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14 
parameter, Wherein the different values are based upon 
the stored range of adjustments of the linefeed error 
adjustment parameter; 

a user interface at Which a user generates an input indicat 

ing one area of the plurality of areas; and 

processing means Which receives the input and in 
response sets the normal value for the linefeed error 
adjustment parameter to be the value corresponding to 
the indicated one area of the plurality of areas of the test 
plot; 

Wherein the memory stores adjustment factors corre 
sponding to different media ?nishes and Wherein the 
processing means adjusts the linefeed error adjustment 
parameter for a given print job based upon the media 
?nish for said print job 

9. The apparatus of claim 6, Wherein the apparatus further 
comprises a sensor for detecting media type; and 

means for determining a temporary linefeed error param 
eter value for use in printing said ensuring print job 
Which is derived as a function of the normal value of the 
linefeed error adjustment parameter and a detected 
media type. 

10. The apparatus of claim 6, further comprising: 
means for identifying a media type for a print job; 

means for determining a second value for the linefeed 
error adjustment parameter for use in printing onto the 
identi?ed media type. 

11. The apparatus of claim 10, Wherein memory stores the 
normal value and a set of alternate values for the normal 
value for use While printing onto an alternate media type, 
and Wherein the determining means selects the second value 
from the set of alternative values. 

12. A methodfor determining a valuefor a linefeed error 
adjustmentparameter ofa printer, comprising the steps of' 

varying the linefeed error adjustment parameter value 
automatically in correspondence with a life cycle of the 
printer by establishing and storing afactor relating to 
the life cycle of the printer and using the factor for 
automatically varying the value; 

periodically updating the factor in relation to a pre 
scribed measure of the life cycle of the printer; and 

tracking the measure during the life of the printer. 
13. The method ofclaim 12 wherein the measure relates to 

a number of pages printed by the printer 
14. The method ofclaim 12 wherein the measure relates to 

a distance traversed by pages printed by the printer 
15. The method ofclaim 12 wherein the measure relates to 

elapsed time during the life cycle ofthe printer 
16. The method ofclaim 12 wherein the measure relates to 

a number ofrotations ofa drive roller that moves pages of 
media through the printer. 

1 7. A methodfor determining a valuefor a linefeed error 
adjustmentparameter ofa printer, comprising the steps of' 

varying the linefeed error adjustment parameter value 
automatically in correspondence with a life cycle of the 
printer by establishing and storing afactor relating to 
the life cycle of the printer and using the factor for 
automatically varying the value 

wherein the factor is stored when the printer is manufac 
tured. 

18. A methodfor determining a valuefor a linefeed error 
adjustmentparameter ofa printer, comprising the steps of' 
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varying the linefeed error adjustment parameter value 
automatically in correspondence with a l ife cycle of the 
printer by establishing and storing afactor relating to 
the life cycle of the printer and using the factor for 
automatically varying the value 

wherein the factor is established during a time that the 
printer is developed. 

19. The method ofclaim 2 wherein the life cycle relates to 
roller wear ofthe printer. 

20. A method of updating the value ofa linefeed error 
adjustment parameter for a printer, comprising: 

empirically deriving afactor relating to the life cycle of 
the printer; 

associating the factor with the printer; 

16 
automatically periodically updating thefactor; and 

applying thefactor to change the value. 
2]. The method ofclaim 20 wherein theprinter has a drive 

5 roller, and the measure of the life cycle of the printer is based 

1 

upon changes in the drive roller during the life cycle ofthe 
printer. 

22. The method ofclaim 2] including the step oftracking 
0 the drive roller changes during the life cycle ofthe printer 

23. The method of claim 22 wherein the driver roller 
changes relate to the amount ofprinting done by the printer. 


