06/076146 A2 I 1K OO0 OO OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
20 July 2006 (20.07.2006)

' N\
i) I OO A OO

(10) International Publication Number

WO 2006/076146 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/US2005/046717

(22) International Filing Date:
21 December 2005 (21.12.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/990,672 10 January 2005 (10.01.2005) US

(71) Applicant: POLAROID CORPORATION [US/US];

1265 Main Street, Waltham, MA 02451 (US).

(72) Inventors: BUSCH, Brian, D.; 582 Peakham Road, Sud-
bury, MA 01776 (US). HERTEL, Dirk, W.; 100 Cove
Way, Apt. 903, Quincy, MA 02169 (US). HILLE, Leif, D.;
14 Oakridge Avenue, Natick, MA 01760 (US). SAQUIB,
Subhail, S.; 33 Trowbridge Lane, Shrewsbury, MA 01545

(US).

(74) Agent: MACCARONE, Gaetano, D.; Polaroid Corpora-

tion, 1265 Main Street, Waltham, MA 02451 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ,
VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

(84)

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD AND APPARATUS FOR CONTROLLING THE UNIFORMITY OF PRINT DENSITY OF A THERMAL

PRINT HEAD ARRAY
10

N

THC

o 21
Noise

(ideal printer)

18

Quantizer

/

Streak
Profile

22 24

il L e kT T I P —————

28

p

26

& (57) Abstract: A method for controlling the print density of individual heating elements of a thermal print head array determines
respective energy values for each heating element in response to image pixel data to be printed, multiplies determined energy values
by arespective predetermined correction factor for one or more respective heating elements for improving print density consistency
between individual heating elements, and dithers adjusted energy values from the step of multiplying as a function of adjacent image
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METHOD AND APPARATUS FOR CONTROLLING THE UNIFORMITY OF
PRINT DENSITY OF A THERMAL PRINT HEAD ARRAY

Field of the Invention
[0001]  The present invention generally relates to printers that use thermal print head
arrays, and in particular to such printers which compensate for streaking caused by

variations within the print head.

Background of the Invention
[OOOZj Thermal print head printers are well known and widely used for both single
and multicolor applications. Thermal print heads take the form of linear arrays of
closely spaced heating elements with each element defining a column of separately
controllable printed image pixels. These heating element arrays are held in
compressive contact with a heat sensitive print medium directly or through a heat
sensitive donor ribbon containing ink, and heat from the elements develc;ps inks within
the print medium or transfers ink from the donor ribbon to the print medium. The print
density produced by this process is dependent upon various physical aspects, including
thermal efficiency of the heating elements, the amount of energy used per pixel, heat
transfer characteristics of the heating elements and the heat sink, thermal contact
between the heating elements and the thermal medium, etc. Unfortunately,
inconsistencies between adjacent elements in any of these variables can result in
variations of print density that are visible as streaks on the printed image. This problem
is only confounded in higher speed printing applications where thermal characteristics
are harder to control due to limited printing time per pixel and an inherent heat build up
in the print head between sequentially printed pixels. Aging of the resistive heating
elements can also increase the variation in their efficiency and thus print density over
time. ‘
[0003] Tt is therefore desirable for the control processes and systems for thermal

print head arrays to include aspects for enhancing consistent print density between
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heating elements of an array to thereby minimize the appearance of image streaks and
thus improve image quality.

[0004]  One such system is described in US Patent No. 4,827,279, which system
calculates a correction value for each heating element after measuring a printed sample
on a transparent receiver with a microdensitometer. The respective correction values

are then added to image pixel data to be printed by the respective heating elements.

Summary of the Invention
[0005] One embodiment of the present invention provides a method for controlling
the print density of individual heating elements of a thermal print head array,
comprising the steps of determining respective energy values for each heating element
of a thermal print head array in response to image pixel data to be printed, multiplying
determineq energy values from the step of determining by a respective predetermined
correction factor for one or more respective heating elements for improving print
density consistency between individual heating elements, and dithering adjusted energy
values from the step of multiplying as a function of adjacent image pixels.
[0006]  The correction factors may each répresent a deviation of print density of a
respective heating element from an average print density. The method may include a
prior step of adjusting determined energy values according to each respective heating
element in response to residual thermai effects from most recently printed image pixels,
prior to the step of multiplying. The prior step of adjusting may include a step of
determining residual thermal effects for each heating element from respective dithered
energy values from the step of dithering. The step of determining residual thermal
effects may include factoring out the respective correction factor from the dithered
energy value of each image pixel. The step of multiplying may produce an amount of
change in the determined energy values that is proportional to each determined energy
value.
[0007]  The method may further include a step of determining a correction factor for

each heating element. The step of determining a correction factor may include the
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steps of printing a sample with a print head array, measuring print densities from the
sample for each individual heating element, and calculating correction factors for
respective individual heating elements from the measured print densities, wherein the
correction factors each represent a deviation of print density of a respective heating
element from an average print density. The step of measuring may include scanning
the sample to collect print density data. The printed sample may include alignment
marks printed in the sample, and the step of measuring may include the step of
determining the collected data corresponding to each individual heating element in
response to the alignment marks. The method may further comprising periodically
repeating the steps of printing, measuring and calculating to identify significant
changes in the correction factors and thereby print density consistency of the heating ‘
elements during long term operation of the print head array.

[0008] The method may further comprise the steps of initially measuring respective
resistance values for each heating element, storing these initially measured resistance
values for future reference, subsequently measuring respective resistance values for the
heating elements after some amount of usage of the print head array, and determining
respective adjusted correction factors for one or more heating elements in response to
changes in the respective resistance values of individual heating elements between the
step of initially measuring and the step of subsequently measuring. The step of
determining respective adjusted correction factors may include multiplying correction
factors used for respective individual heating elements during said step of initially
measuring by a ratio of a respective subsequently measured resistance value to a
respective initially measured resistance value.

[0009] Another embodiment of the present invention may reside in a printing
apparatus having a thermal print head array of heating elements, wherein the
improvement comprises a control system including a process for determining energy
values for each heating element of a thermal print head array in response to received
image pixel data, a process for correcting determined energy values respective to each

heating element by an amount that is proportional to each respective determined energy
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value for improving print density consistency between individual heating elements, and
a process for dithering adjusted energy values from the process for multiplying as a
function of adjacent image pixels.

[0010]  The process for correcting may include a process for multiplying determined
energy values by respective predetermined correction factors for one or more respective
heating elements. The improvement may further comprise a prior process for adjusting
determined energy values according to each respective heating element in response to
residual thermal effects from most recently printed image pixels, prior to the process
for multiplying. The prior process for adjusting may include a process for determining
residual thermal effects for each heating element from respective dithered energy
values from the process for dithering.

[0011]  The improvement may further comprise a process for initially measuring
respective resistance values for each heating element and storing these initially
measured resistance values for future reference, a process for subsequently measuring
respective resistance values for the heating elements after some amount of usage of the
print head array, and a process for determining respective adjusted correction factors
for one or more heating elements in response to changes in the respective resistance
values of individual heating elements between the process for initially measuring and
the process for subsequently measuring. The process for determining respective
adjusted correction factors may include a process for multiplying a current correction
factor of an individual heating element by a ratio of a respective subsequently measured |
resistance value to a respective initially measured resistance value.

[0012]  The control system may include a process for determining a correction factor
for each heating element including the process steps of printing a sample with a print
head array, measuring print densities from the sample, and calculating correction
factors for respective individual heating elements from the measured print densities,
wherein the correctioh factors each represent a deviation of print density of a respective
heating element from an average print density. The control system may further include

a process for periodically repeating the process steps of printing, measuring and
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calculating to identify significant changes in the correction factors and thereby print
density consistency of the heating elements during long term operation of the print head
array.

[0013]  Yet another embodiment of the present invention provides.a method for
controlling the print density of individual heating elements of a print head array,
comprising the steps of printing a sample with a print head array, measuring print
densities from the sample for each individual heating element, calculating first
correction factors for respective individual heating elements from the measured print
densities for improving print density consistency between individual heating elements,
implementing the first correction facto;s as multipliers of energy values used for
printing with respective heating elements of the print head array; determining adjusted
second correction factors for individual heating elements including sequentially
repeating the steps of printing, measuring and calculating using implemented first
correction factors, and subsequently implementing the second correction factors as
multiplication products of individual second correction factors times their heating
element respective first correction factors and substituting these second correction
factor products in place of the first correction factors for printing with the print head
array. ‘

[0014]  The step of measuring }Ilay include scanning the sample to collect print
density data. The printed sample may include alignment marks printed in the sample,
and the step of calculating may include step of determining the collected data
corresponding to each individual heating element in response to the alignment marks.
[0015] The step of printing a sample may include using a gradient of medium range
print densities for each heating element, or the steps of biasing print media towards the
print head with a roller having a circumference, and printing a consistent medium
density portion around the entire circumference of the roller. In the former case, the
step of calculating may include averaging measured print densities for each heating
element along a portion of the sample printed with the gradient of medium range print

densities. In the latter case, the step of calculating may include averaging measured
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print densities for each heating element along the consistent medium density portion of
the sample. ’

[0016]  The print head array may have a pair of opposed ends which extend to at
least one side edge of print media during printing operations. including the step of
printing the sample, and the step of measuring may include limiting density values
measured along the at least one side edge of the print media for the sample.

[0017]  The print head array may have at least one end which extends beyond a side
edge of print media during printing operations, and the print energy used for individual
heating elements located beyond the print media side edge may be increasingly reduced
in the direction of the at least one end of the print head array.

[0018]  The method may further comprise steps of determining further adjusted third
correction factors for individual heating elements including repeating the steps of
printing, measuring and calculating using the second correction factor products, and
implementing the third correction factors as multiplication products of individual third
correction factors times their heating element respective second correction factor
products and substituting these third correction factor products in place of the second
correction factor products for printing with the print head array.

[0019] Both the first described embodiment and this last described embodiment may
further include periodically repeating the steps of printing, measuring and calculating to
identify significant changes in the correction factors and thereby print density

consistency of the heating elements during long-term operation of the print head array.

Brief Description of the Drawings
[0020]  The present invention is illustratively shown and described in reference to
the accompanying drawings, in which:
[0021]  Fig. 1is a block diagram of a signal processing system constructed in

accordance with one embodiment of the present invention;
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[0022] Fig. 2 is a block diagram of another signal processing system constructed in
accordance with the embodiment of Fig. 1; '

[0023]  Fig. 3 is an operational diagram of a printing system being used in
accordance with another embodiment of the present invention;

[0024]  Fig. 4 is a representational diagram of a portion of the system of Fig. 3;
[0025]  Figs. 5A and 5B are flow diagrams of alternative processes which may be
used in the embodiment of Fig. 3;

[0026] Fig. 6 is a representational diagram of an alternate version of the portion of
Fig. 4;

[0027])  Fig. 7 is a representational diagram of a portion of the system of Fig. 3;
[0028]  Fig. 8 is a flow diagram of a printing control process, which covers a
refinement of the present invention;

[0029] Fig. 9 is a representational diagrém of a printing system constructed for use
in accordance with a refinement of the present invention; and

[0030]  Fig. 10 is a representational diagram of a portion of the system of Fig. 9.

Detailed Description Of The Drawings
[0031] Fig. 1 is a block diagram of a signal processing circuit 10 constructed in
accordance with one embodiment of the present invention. Circuit 10 includes image
data conversion section 12, streak correction section 14 and a dithering section 16.
[0032] Image data conversion section 12 receives image data through an input 18
and converts the data for each pixel to at least one energy value for use in energizing an
individual heating element of a thermal print head array. In one form, the energy
values represent the amount of time that each heating element is energized for each
respective pixel. In the case of color images, separate energy values are generated for
the separate color combonents of each pixel. The present embodiment also adjusts
those energy values in accordance with most recently printed pixels to compensate for
residual heat build up in the print head array. For a more detailed explanation of this

thermal compensation process, please refer to co-pending US Patent application
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entitled Thermal Response Correction System, serial number 10/910,880 filed

August 4, 2004, the contents of which are hereby incorporated by reference herein.
[0033]  Streak correction section 14 receives the energy values from conversion
section 12 and a multiplier 20 multiplies each value by a respective streak profile
correction factor, D, for each respective heating element. These correction factors are
determined experimentally prior to normal printing operations, and the process of their
determination is described in greater detail in reference to Figs. 3-5. The correction
factors are calculated with respect to unity (a factor of one), so that they represent
heating response or print density deviations of the respective heating elements from an
average heating response or print density. In this form, the print densities are more
compatible with data conversion section 12, wherein calculations are also based upon
on averagé heating response or print density.

[0034] The adjusted energy values resulting from the streak correction section 14
may not correspond directly to a limited set of energy states available in the printing
process. Simply rounding the adjusted energy to the nearest available state may result
in undesirable contouring artifacts in the printed image. Such artifacts will severely
degrade the image quality when the number‘of available energy states is small. A
process known as dithering is employed in section 16 to reduce the visibility of this
contouring artifact. The process involves adding a predetermined pattern of noise 21 to
the adjusted energy values. These noise signals are incorporated into the adjusted
energy values by the adder 22. The repeating pattern spans adjacent heating elements
as well as adjacent pixels printed by the same elements. The purpose is to bias the
subsequent rounding introduced by the quantizer 24 either to the next higher or lower
available energy state. The average of the quantized energy states over all the pixels in
the repeating pattern more accurately represents the original adjusted energy. The
human eye in observing the printed image at a normal viewing distance will perform a
similar averaging and perceive a print density closer to the intended print density than
would have been produced if the original adjusted energy was applied to the print head,

thereby resulting in improved image quality.
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[0035] As mentioned, image data conversion section 12 includes a process for
compensating for the thermal effects of an ongoing printing process. For this purpose,
dithering section 16 includes a feedback path 26 which returns the actual printing
energy values used to the conversion section 12, as a record of thermal history. In an
implementation where conversion section 12 compensates for thermal history on the
basis of an ideal or standard heating element, it i‘s necessary to remove the hea)cing
element respective correction factor, Dy, used in streak correction section 14. For this
purpose, a divider 28 can be used in conjunction with the corresponding respective
correction factor to adjust the feedback values. Alternatively, a multiplier can be used
with the corresponding inverse correction factor to produce the same result. Once the
energy value represents an ideal heating element, instead of the actual element, it can
be used in the thermal correction process of conversion section 12. It should be noted
that although elements 20 and 28 are referred to herein as multipliers or dividers, a
similar result may be obtainable for purposes of the presently described process by the
use of look-up tables. |

[0036] Fig. 2 shows an alternate embodiment of the circuit 10 of Fig. 1 in the form
of signal processing circuit 30, which includes image data conversion section 32, streak
correction section 34 and dithering section 36. Circuit 30 reduces the amount of
processing power and/or memory required from circuit 10 by substitution of a smaller
feedback path 38. In this manner, the energy levels calculated for ideal heating
elements are used for thermal compensation without the variation produced from either
the streak correction adjustments or the dithering process. The embodiment shown in
Fig. 2 is a very good approximation to the embodiment shown in Fig.1 when the
number of available energy states is large.

[0037] . = Fig. 3 depicts another embodiment of the present invention, which covers a
method for estimating the correction factors for the individual heating elements ofa
print head array for the purpose of reducing print density inconsistencies between
individual heating elements and thereby rgducing the appearance of streaks in the

resulting printed material. This method is performed with a printer apparatus 40,
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generally shown to include a printing mechanism 42 and a control system 44 for
controlling printer mechanism 42, along with a scanner 48. The method generally
includes printing a sample 46 with printer mechanism 42 and measuring print densities
from the sample.46 by means of scanner 48. Scanner 48 generally functions under the
direction of control system 44 and print density data measured by scanner 48 is
collected in control system 44.

[0038]  Control system 44 then takes the collected print dénsity data and calculates a
separate correction factor for each heating element for improving print density
consistency between individual heating elements. The first calculated correction factors
are then implemented by control system 44 into the printing operation of printer
mechanism 42. The implemented first correction factors are then used in printer
mechanism 42 for printing another sample 46, which is subsequently scanned by
scanner 48 to measure the print densities produced with the use of the first correction
factors. Control system 44 then takes the collected new density data and calculates an
adjusted second set of correction factors for the individual heating elements. Lastly,
control system 44 implements the second set of correction factors into the printing
operation of print mechanism 42 as multiplication products of individual second
correction factofs times their heating element respective first correction factors and
substituting these second correction factor products in place of the first correction
factors.

[0039]  The above described iterative steps of printing a sample, measuring print
densities, calculating correction factors, and implementing those correction factors may
be furthér repeated to thereby produce further sets of correction factors and refine the
accuracy of the correction factors ultimately implemented in printing operations.
[0040] _ Fig. 4 pictorially represents printer mechanism 42 including a print head
array 50 having a multiplicity of adjacently located heating elements 52. Printer
mechanism 42 is further shown with a printed sample 46, which has just been printed
by print head array 50 by moving sample 46 in the direction of arrow 56. Print saﬁlple

46 generally includes a central portion 58 having a gradient of medium range print

10
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densities produced by substantially all of the heating elements 52. Central portion 58
shows a gradient between maximum and minimum print density, beginning and end
portions 60, 62, respectively; however the preferred sample includes a gradient of
medium range print densities located around the center of portion 58 to ensure that the .
print system’s range of densities most sensitive to system variations causing streaking is
adequately covered. In print sample 46, such a range of densities is printed in the
central portion 58. The print sample used to perform this analysis could also be of
another form (such as a solid color field or a series of discrete steps in color density)
providing that scanning and analysis of the density data yields a signal which is
sufficiently strong to compensate for the streak-variation sought to be corrected.

[0041]  Print sample 46 further includeé a multiplicity of fiducials or alignment
marks 64, which are printed by specific heating elements within array 50. The print
sample might start with mid-density flat field bars 64A to heat up the printing system
enough Sé that the printing of the alignment marks 64 is ensured under all possible
printing conditions. Alignment marks 64 are used by control system 44 for aligning the
print density data with the corresponding heating elements and thereby identifying the
individual row of pixels printed by each of the respective heéting elements 52. In other
words, the collected print density data corresponding to each individual heating element
is determined in response to the alignment marks. In another form, the process may °
include the steps of aligning collected print density data in accordance with the
alignment marks and determining sample pixels printed by individual heating elements.
[0042]  Once print sample 46 is scanned, and the scanned values are aligned in
accordance with their respective heating elements, the aligned values are used for
calculating respective print density correction factors for each heating element. Fig. SA
shows process 65 that may be used for calculating the individual correction factors.

The measured density in the print sample is denoted as d

m,nd

where the subscript # (Fig.
4) denotes the heating element number of all of the heating elements which actually
print sample 46, and the subscript m (Fig. 4) denotes the print line number of the
medium density lines within portion 58 (Fig. 4). Let N denote the total number of

11
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heating elements 52 (Fig. 4) printing the width of the print sample 46. First, the
average line density 2; across the heating elements for each line in the central portion

58 is calculated in step 65A. Second, the deviation profile for the heating elements
' A'dm'; in each line is calculated in step 65B by dividing the measured density by the
average line density and subtracting one from the ratio. Alternatively, the deviation

profile may also be computed by subtracting the average line density from the measured
density as shown in step 65B. Third, the average deviation profile E is calculated in

step 65C by averaging the deviation profile across the lines in the central portion 58. In
this step, a weighting function w,, may be used for every line that may either reflect the
contribution of that line to the streak sensitivity of the printing system, or the streak
visibility. Finally, the correction factor D, is calculated using the equation shown in
65D. The factor f may be experimentally selected to provide the greatest print density
consistency between heating elements, dependent upon the specific print head array
application. In one embodiment, values closest to 0.6 were found to achieve best
results in combination with multiple iterations of the sequence depicted inFig. 3.
[0043] | Fig. 5B shows an alternative process 66 for calculating the density correction
factors. In this embodiment, the measured densities are weighted and averaged across‘\
the lines in step 66A to produce an average density d, for each heating element 7.

Then a global average is calculated in step 66B by averaging all d,. An average
deviation profile is calculated in step 66C by dividing the average density d»for each
heating element by the global average density and subtracting one from the ratio.
Alternatively, the average deviation profile may also be computed by subtracting the
global average density from the average density d, for each heating element as shown
in step 66C.. Finally, the correction factors are obtained in step 66D using the same
equation as in the embodiment shown in Fig. 5A.

[0044]  Fig. 6 shows the printing of an alternate sample 70, which may be used for
purposes of the present invention. Fig. 6 also pictorially includes a print head array 72

shown in combination with a roller 74, which biases the print media of sample 70

12
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against print head array 72. Roller 74 includes a pressure surface 76 that has a certain
circamference 78. In alternate slample 70, a central portion 80 is printed having a
consistent medium density. In this manner, the print density data collected for
individual heating elements of array 72 may be averageci over the length 78a of the
circumference 78, to thereby average out inconsistencies which appear in the pressure
surface 76 of roller 74. The individual correction factors are then calculated as
described in reference to Fig. SA-B.

[0045]  Fig.7 pictorially shows a print head 100 being used to print on a print
medium 102 to explain refinements of the process described herein to further improve
print density consistency between heating elements. Print head 100 includes an array
104 of heating elements (shown in phantom), which extends between opposing ends
100a, 100b of print head 100. Array 104 also extends beyond opposing edges 102a,
102b of print medium 102.

[0046] It has been found that physical characteristics of media 102 can vary along
the opposing edges 102a, 102b and thus cause inconsistent printing of print sample 46
(Fig. 3) in the immediate proximity of each edge 102a, 102b, exemplified by region
106. To correct for these inconsistencies, an average slope is determined for measured
density values within region 106, and the measured values are limited to this average
slope for calculating correction values.

[0047] A further correction technique is also depicted in Fig. 7 for heating elements
that extend beyond the opposing edges 102a, 102b of print medium 102, as exemplified
by region 108. Because the heating elements are not in contact with print media and
the heat normally used for printing is not dissipated into print medium, this heat builds
up faster than heat in the central portion of array 104. This built up heat can migrate to
heating elements in contact with print medium 102 and cause higher than desired print
densities. To help alleviate this heat build up, the energy values used for héating
elements located beyond print medium edge 102b in region 108, are increasingly
reciuced for heating elements located further from edge 102b gnd towards print head

end 100b. This reduction in the correction factors may also be extended slightly
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inwards from the edge 102b towards print head end 100a since in the actual printing the
exact location of edge 102b may vary from print to print.

[0048]  Fig 8 is a flow chart of a process 110 representing yet another refinement of
£he present invention. Process 110 deals with the long term operation of a printing
apparatus and begins with step 112 of determining a print density correction factor for
each heating element as described in reference to Figs 3-5. As part of step 112, step
114 includes initially measuring the resistance of each heating element of the array in a
known manner. These initial measurements are stored in step 116 for future reference.
[0049]  Process 110 then allows normal operation of the printer apparatus and
measures that‘operation in step 118. Any suitable aspect of measurements may be
used, including the number of prints, hours of operation, etc. After a predetermined
amount of usage, step 120 makes a subsequent measurement of each heating element
resistance, for the reason that resistances can change with usage.

[0050]  Step 122 and then uses the stored initially measured resistance values and the
subsequently measured resistance values to adjust the individual correction factors in
response to the respective resistance changes. The adjustment is accomplished in step
124 which includes multiplying the current correction factor, D, for each heating
element by the ratio of the respective subsequently measured resistance value, R to the
respective initially measured resistance value R;.

[0051]  The adjustment process of step 122 may be done automatically, or it may be
contingent upon a sufficient change in each resistance value. Further, the subsequently
measured values may also be stored in step 126 for making further correction factor
adjustments after further printer usage has occurred.

[0052]  Figs. 9 and 10 depict a further refinement of the present invention, which
embodiment covers a method for controlling individual heating elements of a print head
array for the purpose of reducing print density inconsistencies between individual
heating elements and thereby reducing the appearance of streaks in the resulting printed
material. A printer apparatus 127 generally includes a printing mechanism 129 with an

embedded scanning capability and a control system 128 for controlling printer
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mechanism 129 and that embedded scanning capability. Fig. 10 depicts printing
apparatus 129 and the position-of a scanning head 132 located after the printing
elements 131 along the general direction of motion 134 of print medium 133. The
method generally includes printing a streak correction sample on medium 133 with
printer elements 131 and immediately measuring print densities from the sample by
means of embedded scanning head 132. Scanning head 132 functions under the
direction of control system 128 and print density data measured by scanning head 132
is collected in control system 128. In this embodiment, analysis and subsequent
corrections are performed as described in the previous embodiments.

[0053]  Further functionality is provided by enabling full automation of the above-
described streak correction process. Thus, correction factors may be recalcﬁlated
periodically without requiring the presence of a service technician. Also, the generaI
steps of printing a streak correction sample, measuring the print density and calculating
new print density correction factors may be periodically performed over long term
operation of printer apparatus 127 and used as a monitor for significant and sudden
changes in correction factors and performance, which could indicate other performance
issues or even trigger servicing of the apparatus. Lastly, the measured print density
data could be uploaded via an internet or other suitable process, to allow remote
inspection and analysis.

[0054]  The above-described embodiments enjoy several advantages. Many of the
processes described above may be implemented in software suitable for various
systems thus allowing retrofitting to existing systems. The use of multiplier print
density correction factors enhances the compatibility of the print density correction
function with the print head thermal correction function and the dithering function, thus
enhancing the combined performance of these functions. These multjplier correction
factors are also readily adjusted over long term printing operations in response to
heating element resistance changes without affecting or requiring recalibration of any
other part of the control process. The use of an inexpensive scanner in the calibration

process allows the present invention to be used for remote printing systems such as
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publicly available printing kiosks that allow anyone to do their own photo finishing of
digital or printed images. Such kiosks often contain a suitable scanner to allow
periodic recalibration by a service technician, or a simple scanner can be brought to the
system by the technician. The computing power used in such kiosks is more than
sufficient to run the required software. Alternatively, the printed samples may be sent
to a separate location by any suitable means for independent analysis and calculation of
correction factors, which then might be downloaded back to the kiosk. Lastly,
incorporating a scanning head in the printing apparatus increases the amount of remote
monitoring and maintenance that can be performed.

[0055]  The present invention is illustratively described above in reference to the
disclosed embodiments. Various modifications and changes may be made to the
disclosed embodiments by persons skilled in the art without departing from the scope

of the present invention as defined in the appended claims.
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What is claimed is:

1. A method for controlling the print density of individual heating elements of a
thermal print head array, comprising the steps of:

determining respective energy values for each heating element of a thermal
print head array in response to image pixel data to be printed;

multiplying determined energy values from said step of determining by a
respective bredetermined correction factor for one or more respect:ive heating
element for improving print density consistency betweén individual heating
elements; and

dithering adjusted energy values from said step of multiplying as a function of

adjacent image pixels.

2. The method of claim 1, wherein the correction factors each represent a deviation of

print density of a respective heating element from an average print density.

3. The method of claim 1, further comprising a prior step of adjusting determined
energy values according to each respective heating element in response to residual
thermal effects from most recently printed image pixels, prior to said step of

multiplying.

4. The method of claim 3, wherein said prior step of adjusting includes a step of
determining residual thermal effects for each heating element from respective

dithered energy values from said step of dithering.
5. The method of claim 4, wherein said step of determining residual thermal effects

includes factoring out said respective correction factor from the dithered energy

value of each image pixel.
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6.

10.

11.

The method of claim 1, wherein said step of multiplying produces an amount of
change in the determined energy values that is proportional to each determined

energy value.

The method of claim 1, further comprising a process for determining a correction
factor for each heating element including the steps of:
printing a sample with a print head array;
measuring print densities from the sample; and
calculating correction factors for respective individual heating elements from the
measured print densities, wherein the correction factors each represent a
deviation of print density of a respective heating element from an average

print density.

The method of claim 7, wherein the step of measuring includes scanning the sample

to collect print density data.

The method of claim 8, wherein the printed sample includes alignment marks
printed in the sample, and further wherein the step of measuring includes the step of
determining the collected data corresponding to each individual heating element in

response to the alignment marks.

The method of claim 7, further comprising periodically repeating the steps of
printing, measuring and calculating to identify significant changes in the correction
factors and thereby print density consistency of the heating elements during long

term operation of the print head array.
The method of claim 1, further comprising the steps of:

initially measuring respective resistance values for each heating element;

storing these initially measured resistance values for future reference;
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subsequently measuring respective resistance values for the heating elements
after some amount of usage of the print head array; and .

determining respective adjusted correction factors for one or more heating
elements in response to changes in the respective resistance values of
individual heating elements between the step of initially measuring and the

step of subsequently measuring.

12. The method of claim 11, wherein the step of determining respective adjusted
correction factors includes multiplying correction factors used for respective
individual heating elements around said step of initially measuring by a ratio of a
respective subsequently measured resistance value to a respective initially measured

resistance value,

13. In a printing apparatus having a thermal print head array of heating elements,
wherein the improvement comprises a control system including:

a process for determining energy values for each heating element of a thermal
print head array in response to received image pixel data;

a process for correcting determined energy values respective to each heating
element by an amount that is proportional to each respective determined
energy value for improving print density consistency between individual
heating elements; and

a process for dithering adjusted energy values from said process for multiplying

as a function of adjacent image pixels.
14. The improvement of claim 13, wherein said process for correcting includes a

process for multiplying determined energy values by respective predetermined

correction factors for one or more respective heating elements.
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15. The improvement of claim 13, further comprising a prior process for adjusting
determined energy values according to each respective heating element in response
to residual thermal effects from most recently printed image pixels, prior to said

process for multiplying.

16. The improvement of claim 15, wherein said prior process for adjusting includes a
process for determining residual thermal effects for each heating element from

respective dithered energy values from said process for dithering.

17. The improvement of claim 13, further comprising:

a processes for initially measuring respective resistance values for each heating
element and storing these initially measured resistance values for future
reference;

a processes for subsequently measuring respective resistance Vz}lues for the
heating elements after some amount of usage of the print head array; and

a process for determining respective adjusted correction factors for one or more
heating elements in response to changes in the respective resistance values of
individual heating elements between the process for initially measuring and .

the process for subsequently measuring.

18. The improvement of claim 17, wherein the process for determining respective
adjusted correction factors includes a process for multiplying a current correction
factor of an individual heating element by a ratio of a respective subsequently

measured resistance value to a respective initially measured resistance value.

19. The improvement of claim-13, further comprising a process for determining a
correction factor for each heating element including the process steps of:
printing a sample with a print head array;

measuring print densities from the sample; and
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calculating correction factors for respective individual heating elements from the -
measured print densities, wherein the correction factors each represent a
deviation of print density of a respective heating element from an average

print density.

20. The improvement of claim 19, further comprising a process for periodically
repeating the process steps of printing, measuring and calculating to identify
significant changes in the correction factors and thereby print density consistency of

the heating elements during long term operation of the print head array.

21. A method for controlling the prin’g density of individual heating elements of a print
head array, comprising the steps of:

printing a sample with a print head array;

measuring print densities from the sample;

calculating first correction factors for respective individual heating elements
from the measured print densities for improving print density consistency
between individual heating elements;

implementing the first correction factors as multipliers of energy values used for
printing with respective heating elements of the print head array;

determining adjusted second correction factors for individual heating elements
including sequentially repeating the steps of printing, measuring and
calculating using implemented first correction factors; and

subsequently implementing the second correction factors as multiplication
products of individual second correction factors times their heating element
respective first correction factors and substituting these second correction

factor products in place of the first correction factors for printing with the

print head array.
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22.

23.

24,

25.

26.

27.

28.

The method of claim 21, wherein the step of measuring includes scanning the |

sample to collect print density data.

The method of claim 22, wherein the printed sample includes alignment marks
printed in the sample, and further wherein the step of measuring includes the step of
determining the collected data corresponding to each individual heating element in

response to the alignment marks.

The method of claim 21, wherein the step of printing a sample includes using a

gradient of medium range print densities for each heating element.

The method of claim 21, wherein the step of calculating includes avefaging
measured print densities for each heating element along a portion of the sample

printed with the gradient of medium range densities.

The method of claim 21, wherein the step of printing a sample includes the steps of
biasing print media towards the print head with a roller having a circumference, and
printing a consistent medium density portion around the entire circumference of the

roller.

The method of claim 26, wherein the step of calculating includes averaging

‘measured print densities for each heating element along the consistent medium

density portion of the sample.

The method of claim 21, wherein the print head array has a pair of opposed ends
which extend to at least one side edge of print media during printing operations
including the step of printing the sample, and further wherein the step of measuring
includes limiting density values measured along the at least one side edge of the

print media for the sample.
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29. The method of claim 21, wherein the print head array has at least one end which
extends beyond a side edge of print media during printing operations, and further
wherein the print energy used for individual heating elements located beyond the
print media side edge is increasingly reduced in the direction of said at least one

'

end of the print head array.

30. The method of claim 21, further comprising:

determining further adjusted third correction factors for individual heating
elements Iincluding repeating the steps of printing, measuring and calculating
using the second correction factor products; and

implementing the third correction factors as multiplication products of
individual third correction factors times their heating element respective
second correction factor products and substituting these third correction factor
products in place of the second correction factor products for printing with the

print head array.

31. The method of claim 21, further comprising the step of periodically repeating the
steps of printing, measuring and calculating to identify significant changes in the
correction factors and thereby print density consistency of the heating elements

during long term operation of the print head array.
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