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ABSTRACT OF THE DISCLOSURE

In a method and apparatus for\ improving the printing with a-
thermotran-sfer print head, an energy value is calculated before the printing
process according to different types to be implemented when a dot is to be
printed. Energy values also are calculated for the heating elements at the
ends of the row of heating elements of the high-resolution thermotranefer print\
head, so as to activate these heating elements even though in heating phases
no dot to be printed at the border external to the barcode image. Additionally,
those heating elements that do not lie in the two border regions of the heating
element row are also activated for a limited time durat‘ion, the aforementiened
time duration directly preceding the printing of a barcode image. A
microprocessor caiculates the energy values and is connected with a pixel
energy memory for non-volatile buffering of the data that are transferred into a

print data controlier and are converted into a print pulse duration.
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METHOD FOR QUALITY IMPROVEMENT OF PRINTING WITH A
THERMOTRANSFER PRINT HEAD AND ARRANGEMENT FOR
IMPLEMENTATION OF THE METHOD '

BACKGROUND OF THE INVENTION

Field of the Invention

The invention concerns a method for improving the quality of printing
with a thermotransfer print head énd an arrangement for implémentation of
the method .‘ The invention is used in. printing devices with relative movement
between the thermotransfer print head and the print good, in particular in
franking machines and in accounting or mail processing apparatuses that print
in a similar manner. The invention is more specifically for increasing quality in
the printing of data matrix barcodes with a high throughput of mall pieces,

.particularly for improving the machine-readability of such data matrix

barcodes.

Descrigtion of the Prior Art

A franking machine with a thermotranéfer print device that more easily
allows changing of the print image information is described in United States
Patent No. 4,746,234. Semi-pérmanent and variable print image informatioh
are electronically stored as print data in a memory and are read OUt in the
thermotransfer print device for printout thereof. As is generally known, thé
print image (franking stamp image) includes identification and postal

information, including the postal fee data for conveyance of the mail piece, for
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example a postage value image, a postal image with the postal delivery
location and date, as well as an advertising stamp image.

The entire print image is printed by a single thermotransfer print head
in print image columns controlled by a microprocessor-controlled. The
printing of the print columns ensues orthogonally relative to the transport
direction on a moving mail piece. A typical machine of this type can achieve a
maximum throughput of franking items of 2200 letters/hour at a print
resolution of 203 dpi.

The franking machine T1000, commerciailly available from Francotyp-
Postalia GmbH, has only one microprocessor for controlling a thermotransfer
print head with 240 heating elements in printing 'in columns. All heating
elements lie in a row which is 30 mm long and is arranged orthogonal to the
transport direction. For printing, thermotransfer printers use an at least
equally wide thermotransfer ink band which is arranged between a surface to
be printed (for example of a mail item) and the series of heating elements. At
the resistor. of the activated heating element the energy of an electrical pulse
IS transduced into heat energy which transfers to the thermotransfer ink
ribbon. Printing requires melting a small area of an ink layer from the
thermotransfer ink ribbon and application of the melted ink layer onto the print
good surface. The printing ensues only if the heating element charged with
the puise was brought to printing temperature, i.e. to a temperature higher
than the preheating temperature. Given movement of the thermotransfer ink

ribbon together with the mail item relative to the heating element, and given a

running heat energy feed, a line (dash) is printed in one row parallel to the
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‘movement (transport) direction. A line is printed in a print column orthogonal
to the movement or transport direction when all heating elements in the row of
heating elements are simultaneously charged with electrical pulses for a
predetermined, limited time duration (pulse duration). The puise duration can. .'
be sub-divided into phases. Within the predetermined, [imited time duration
(pulse duration), a last phase (print phase) exists in which the dots of a print
column are printed. Further phases of the activation of the heating elements
precede the last phase in order to heat the printing element to the printing
temperature. Print image columns also can be associated with these phases
due to the transport of the mail piece. A longer individual pulse for activation
of a heating element can be divided into a number of pulses whose pulse
durations are identical and correspond to a specific heating phase. Print
image columns of the moving mail item are thus likewise associated with
these heating phases, as the print columns are associated with the print
phases.

The binary pixel data for activation of. the heating elements of all print
columns are non-permanently stored in a pixel memory. Given a low 'print '
resolution, the spacing of adjacent print columns is large and the binary pixel
data of the print phase reflect the print image. A number of pulses are
conventionally required in order to geherate sufficient heat energy for melting
~an area of the inK layer under the heating element, the ihk layer “area then
being printed as a dot on the surface of the mail piece (DE 38 33 746 A1).

In principle, to achieve a high print resolution printing could ensue in

each phase when the activation of the heating elements for heating thereof
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ensues only in a timely manner in preceding phases. This requires th.at the
energy of an électrical pulse Is Iikewise transduced into heat energy at the
resistor of'the adjacent heating element in the row (heat conduction problem).
The heat energy is reduced by cooling when the pulse is omitted. Due to the
adjacent energy application, spread of heat energy by heat conduction can be
taken into account by the activation- of specific heating elémehts for heating
thereof being interr_upted in one phase, but nevertheless sufficient heat energy
s present to effect melting of the ink layer area under the heating element. A
microprocessor is therefore also programmed to control the energy
distribution dependent on the pattern to be printed, in addition to the
preparation and output of binary pixel data for generation or non-generation of
an electrical pulse. The original fepresentation of the print image by binary
pixelldata Is thus corréspondingly altered in the pixel memory so that a
'cleaner print image is created. This requires either a comprehénsive
preliminary calculation (as is, among other things, known from EP 53 526 B1-
(= DE 41 33 207 A1) Method for Controlling the Feed of a Thermoprinting
Heating Element) or a history-based control (history control). In the caée of
history control, the supplied energy for preheating a respective heating
element of the thermotransfer print head is adjusted dependent on whether
printing processes have been initiated frequently or rarely in the recent paSt
-Involving activation of that heating element.

From JP 61-239966 it is known to separately control the temperature of
the individual heating elements by a pulse width modulation dependent on

adjacent data, and to temporarily raise the temperature to the value
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necessary for printin'g. Nevertheless, the appertaining heating element (and
thus the entire thermotransfer print head) remains relatively cool in spite of the
preheating. This is desirable so that the 'temperature curve falls off relatively
steeply, so that the time between the successive raster points in time can be '
short. This technique shortens the time necessary for a plotting of dots on a
print medium and thus increases the printing speed. . .

A microprocessor with a higher calculation speed could be used to
achieve a higher print resolution.- The output of binary pixel data to the_
thermotransfer print head would then ensue more often per time unit in which
a maill piece or similar print item is further moved an identical amount along
the transport path. The memory space requirement in the pixel memory for
the pixel data, however, increases for each additionally-inserted virtual
column or heating phase. A “virtual column® means the presence of a further
column in the print image that is not visible upon printing since no dot Is
printed in the heating phase.

Since the market introduction of the franking machine T1000 (the
T1000_ franking machine being the first to be equipped to change the
aforementioned advertisement stamp image electronically at thle press of a
button in addition to changing the date and the postal fees), the demands on
the microprocessor controller of the T1000 franking machine have become
steadily greater. More data are processed as iiore variablé data are required
in the print image. Moreover, it is also applicable to generate other print
images that differ significantly from a franking stamp image in terms of design

and content in order, for example, to print out business cards, fees, and court
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cost stamp images. The requirements for the print resolution in dpi (dots per
inch) steadily increase. Upon printing of a dot, the aforementioned heat
conductioh problem between the adjacent heating elements due to the
adjacent pixels in the priht image to be printed occurs more strongly the closer
that the pixels are to each other. The aforementioned problem which is
connected with the thermotransfer printing method increases at high print
resolution.

- Modern franking machines should enable the printing of a security
imprint, i.e. an impri‘nt of a special marking in addition to the aforementioned
information. For example, a message authentication code or a signature is
generated from the aforementioned information and then a character string or
a barcode is formed as a marking. When a security imprint is printed with
such a marking, that enables a review of the authenticity of the security
imprint, for example at the post office or at the private carrier (United States
Patent Nos. 5,953,426 and 6,041,704).

The development of the postal requirements for a secur'ity imprint in
'some countries has had the consequence that the amount of the variabl.e print
Image data that must be changed between two imprints of different franking
stamp images is very high. For example, for Canada a data matrix code of 48
x 48 image elements should be generated and printed for every single
franking imprint.

For more rational postal distribution and to increase security against
counterfeiting, a' new standard called FRANKIT® was introduced in Germany

by Deutsche Post AG in 2004. Even at low print speed, the print quality of
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‘known franking machines with thermotransfer printing is not good enough for
the machine readability of a 2-D barcode, as required by FRANKIT. In
addition to the printing speed, however, the print resolution also had be
increased to 300 dpi for printing of such a two-dimensional barcode A high l
throughput of mail pieces means a lower quality in the printing, In .particular of
data matrix barcodes, 'such that their machine readability is not always
guaranteed. The microprocessor of a franking machine suitable for this has
more data to proCess in a shorter time. The heat energy fo.r printing the-
image elements of the franking machine shduld be calculated In a
microprocessor-controlied manher taking into aécount the immediately
preceding two print columns printed in the past. Such a history control is
known but would now have to be expanded for the purpose of taking into
account much more information in order to improve the readability of data
matrix barcodes.

The printed data matrix barcode, at each of the left edge and lower
edge, has a continuous line (called a 100% line) and at the right edge and
upper edge has a discontinuous line composed of barcode image elements
(called a 50% line because every other barcode image element is missing).
Instead of being printed as a point, the barcode image elements (modules)
are conventionally printed in quadratic form (Fig. 1). The high-resolution
Images printed with previous methods, in particular barcode images, aie
printed out differently at the edges than in the center and thus are not always

machine-readable.
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SUMMARY OF THE INVENTION

An object of the invention is to provide a method for improving the
quality of printing with a thermotransfer print head and an associated
arrangement that improves the machine-readability of barcodes.

The above object is achieved in accordance with the present inventioh
by a method and apparatus for improving the printing with a thermotransfer
print head, wherein an energy value is calculated before the printing process
according to different types to be implemented when a dot is to be printed.
Energy values also are calculated for the heating elements at the ends of the
row of heating elements of the high-resolution thermotransfer print head, SO
as to activate these heating elements even though in heating phases no dOt to
be printed at the border external to the barcode image. Additionally, those
“heating elements that do not lie in the two border regions of the heating
element row are also activated for a limited time duration, the aforementi.on‘ed .
time duration directly preceding the printing of a barcode image. A
‘microprocessor calculates the energy values and Is connected with a pixel
energy memory for non-volatile buffering of the data that are transferred into a
print data controller and are converted into a print pulse duration.

Upon the printing of a data matrix barcode, the print head ‘heats
. significantly such that the generated barcode image elements (modules) aré
printed distinctly wider (broader) in the course of the printing (primarily-in the.
printing direction) than at the beginning. The barcode image elements of the
00% line at the upper edge form a chessboard-like pattern, but often become

too small or are printed too faintly for the remaining barcode image elements.
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In conjunction with further unavoidable printing defects, both border effects
lead to degradation in the readability of this barcode. The barcede image
elements should assume an identical size left and right, top and bottom. For
compensation of the border effects, the heating elements and therewith also.
the surrounding heat capacitors in the region before the barcode (knoWn as
the quiet zone) are therefore pre-heated. For this purpose a specific number
of heat phases are provided that can be associated with respective print
image columns given a moving print item in order to heat the heating.
elements to a preheating temperature so that the thermotransfer process is
not just yet initiated. This leads to a desired, more ad\-/antageous temperature
distribution in the print head, and as a result to a comparison moderation of
the printing, in particular to an enlargement of the barcode Image elements at
the beginning of the printing of the barcode image. The size of the barcode
image elements at the end of the barcode image is only slightly larger in
comparison to the beginning.

In a border region between the 50% line and the edge of the franking
strip, a small number of heating elements is activated so that these are
sufficiently warm and the border effect is compensated, but the thermotransfer
process is not yet initiated. The environment of the 50% line is thereby
heated such that barcode Image elements at the edge are reproduced\just as
well as in the middle of the barcode. - - T T .

The number of the preheating columns and the border rows and/or the

respective heat energies are adapted to the temperature of the print head.
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Although the invention is explained herein using the example .of a
franking machihe, it is not limited solely to this type of printer.
' DESCRIPTION OF THE DRAWINGS
Fig.1 shows a simplified representation of a franking strip with a
barcode.
Fig. 2 is a plan view of a simplified thermotransfer print head.
Fig. 3 is a simplified flow chart for processing image data required for

printing according to the prior art.

Fig. 4 shows a temperature curve and pulse/time diagram given

printing of a dot.

Fig. 5 shows a simplified representation of the barcode data.

Fig. 6 shows a barcode image for explanation of the barcode data
preparation using histOry control.

Fig. 7 shows a bércode image with external regions for explanation of a
data preparation that is different for these regions, the external regions
serving for pre-heating of heating elements (variant 1).

Fig. 8 is 'a section through a thermotransfer orint head along a row of
resistor heating elements. .

Fig. 9 is' a flow chart for processing image data required for printing in
accordance with th.e invention. .

- Fig. 10 is block diagraim for controlling the printing of a franking
machine with a print data controller for a thermotransfer print head.

Fig. 11 is a perspective representation of a commercially available

franking machine (Optimail 30 of Francotyp-Postalia GmbH).

10
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Fig. 12 shows a franking imprint according to the DPAG requirement
FRANKIT.

Fig._ 13 shows program routine with determination of the energy values
for preheating and border heating of a thermotransfer print head.

Fig. 14a shows barcode image with external regions for explanation of
data preparation that is different for these regions, the external regions
serving for the pre-heating of heating elements (variant 2).

Fig. 14b shows a franking imprint according to the postal requirements.
for Australia. .

Fig. 14c is a program routine with determination of the energy values
according to a further variant for preheating and boundary heating of a
thermotransfer print head (variants 2 and 3). -

. Fig. 15a is a pulse/time diagram for activation of a heating element of
the thermotransfer print head, which heating element is activated in the
leading region B.

Fig. 19b is a pulse/time diagram for activation of a heating element of
‘the thermotransfer print head, which heating element is situated in the
boundary region N1.

Fig. 16 is a sub-routine with determination of the energy values
according to the third variant for preheating of a thermotransfer print head.

Fig. 17 is a sub-routine with determination of the energy values
according to the second and third variants for preheating of a thermotransfer

print head and for pixel energy value calculation.

11



CA 02578902 2007-02-19

Fig. 18 shows a barcode image with external regions for eXpIana{ion of
a data preparétion that is diﬁérent for these regions, the external regions
serving for the pre—heating of heating elements (variant 3).

Fig. 19 shows a franking imprint according to the postal requirement for
Canada.

 DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a simplified representation of a franking strip 14 with a
barcode 15. The franking label or a mail piece (for example a letter envelope)
with an equally large field for printing of a franking stamp image and further
iInformation on its surface, is moved along with a constant speed v in the
transport direction (arrow) below a thermotransfer print head during the
printing. The field has, for example, a width of 30 mm and a length of 160\
mm. For clarity, in the representation the thermotransfer print head and a
thermotransfer ink ribbon that is arranged in a known manner betweeh the
thermotransfer print head and the surface of the field to be printed in a printing
direction, have been omitted. At the beginning of the printing, dots are
arbitrarily printed in a first print column C1 on the surface of the franking iabel
or letter envelope at a first interval from its right border. For simplicity thei
franking stamp image printed on the surface from C1 up to the print 'column
' Cn-4 was not shown as well. If a first heating element of the thermotransfer
print head were constantly be activated and charged with a current pulse, a-
number of printed dots would then lie on a line L1. Further lines L2, L3 ...

through Lx lie parallel to the first line L1 and orthogonal to the print columns.

The lines are represented as a thin dash and the print columns are

12
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represented as perpendicular dashed lines. The first dots of a first barcode in
a predetermined print column Cn are printed as of a second larger interval
from the right border of the franking strip or letter envelope or other print good.
The barcode image 15 printed on the surface up to a third interval from the '
right border of the franking label, with the last dots lying in a print column Caq,
was shown simplified. These last dots of the barcode image abut 'oneano-ther.
in a row. The dots of the barcode image likewise lie on a line Lx-2 and form a
base line. However, no dots are printed on the lines L1 and L2 as well as Lx
and Lx-1 in the print columns Cn through Cq. The franking label or letter
envelope can be further printed with an advertiséme_nt' cliché, a second
barcode, or a logo from the print column Cq+1 through Cz, i.e. up to near the
left border. '

A plan view of the heating element side of a -simpliﬁéd thermotransfer
print head 1 is schematically shown in Figure 2. Its heating elements H1
through Hx lie in a row and are closely adjacent. For simplicity it is assumed
that, upon activation, a 'heating element H1 ... Hx can print a dot.on an
associated line L1 ... Lx when the franking label is movéd across with a
constant speed v under the heating element row.

A simplified flow plan of the processing of image data required for
printing according to the prior art is shown in Figure 3. In a first determination
~step 10, the image information required according to the postal specifications
are stored as data in a working memory (RAM) of the franking machine. In a
second control step 20', the data are processed by the microprocessor in

order to differently activate heating elements depending on the prior history.

13
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In addition to such a history control, for activation of a heating element the
current activatien state of the immediately adjacent heating elements and their
prior histdry are also taken into account. Moreover, environment temperature
and a temperature measured in the print head as well as further machine
parameters are taken into acceunt in the activation of a heating element. In a
formatting step 40’ the print data are brought into a format suitable for the
print head by a known COntroIIer and are output via a corresponding interface.
In a last feed step 50’, the print data are converted by internal electronic of the
thermotransfer print.head into print pulses of predetermined voltage level and
with a separate adjustable duration for the heating elements.

Fig. 4 shows a temperature curve and a pulse/time diagram given the
printing of a dot. An activation. pulse for a heating element begins, for
' exarhple, at the point in time t; and ends at the point in time {s. A’temperature
curve aceording to the centinuous‘line results when a first temperature Tw1 IS
measured in the immediate vicinity of the heating element and is lower than
the temperature Tp required for printing. The printing then begins at the point
in time ts and ends at the point in time t7, i.e. when the temperature Tp
required for prihting iIs under-run. The dot appears to us to be printed toe
faintly. A temperature curve according to the dotted line results when a
second temperature Tw; in the immediate vicinity of the heating element is
higher than a first temperature Twy and-is~iower than the temperature Tp
required for printing. The printing then begins at the point in time t; and ends
at the point in time t3. The dot appears to us to be printed too heavily.

Starting from the second temperature Tw, in a second step 20, this can be

14
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partially compensated by beginning an activation pulse for printing first at a
point ih time t; and ending the pulse at the point in time ts. The dot appears to
the viewerto be normal, possibly as printed somewhat more heavily since the
printing begins at the point in time 14 (i.e. earlier) and only ends at the point in
time tg (temperature curve of the dash-dot line). The cooling process of the
heating element begins after the end of the activation pulse but rtrns less.
intensively and slower. This too-faint printing can not be compensated in the
second step 20’ of the method according to the prior art. .

Fig. 5 shows a simplified representation of the barcode data via
conversion into a desired barcode image 15. A rowR and a base line G are
formed from square image elements (pixels) at the left border and lower
border. For simplification it is assumed that a heating element H3 prints a dot
D ef a size (0.6 x 0.6 mm) on the line L3 in the print colurrrn Cn+1, possibly
offset by one image element (pixel)- since, given corresponding size of the
heating elements and thus also of the enlarged dimensions of the dots D, the
prior history and the aforementioned mis-—pesitioning effect do not interfere.
The barcode image then reflects the stored barcode data. In practice,
naturally, a number of dots are necessary in order to generate a quadratic
barcode image element (module). For example, 6 x 6 dots in Canada er 7 X7
dots in Germany are required per module. A module for FRANKIT in
Germany is, for example, 07583 x 0.583 large.—

A barcode preparation using a simple history control is explained using
the simplified representation as a barcode image in Fig. 6. A heating element

H3 (not shown) is fed with current in a heating phase W that can be

15
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assooiated'with a print column Cn given a moving franking strip. Thé print
column Cn Iies chronologically immediately before the print column Cn+1.
The heating element H3 Is thereby heated to a preheating temperature. The
printing of a dot D ensues fitst in a print column Cn+1, i.e. only when the
heating element charged with a print pulse has been brought to printing
temperature, i.e. temperature higher than the preheatingtemperature. At
least one heating phase W chronologically anticipates the printing in the
aforementioned print column, but during the heating phase dots can also be
printed in a different print column. When that is provided on the same line,
the heating to a preheating temperature can be omitted, as can be seen by
the printed dot 17. - '

' Regions of the barcode ima'ge with externally different data preparation
are shown in Fig. 7. At most heating phases but no print phases exist in a
dotted region B, that is' also known as the quiet zone and is placed' right
before the barcode, meaning that sufficient energy for printing is supplied to
none of the heating elements. In lateral adjoining regions N of the barcode
image 15, no energy is supplied to any heating element. The barcode data
preparation therefore predominantly ensues in the region of the barcode
image 15. This leads to a typical heat distribution in the print head with cooler
border regions. . .

“The heat distribution-and the design of the thermotransfer print head 1
are now explained using Fig. 8, which shows a section through a
thermotransfer print head along the row of resistor heating elements. The

thermotransfer print head 1 has a 0.65 mm-thick substrate S (that can be

16
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made from an electrically-insulating ceramic plate) that is glued into an
. approximately 5 mm-thick metal plate. For example, a first temperature T4 of
approximately 50°C predominates at the boundary layer ceramic/metal. A
second temperature T of approximately 70°C is achieved at a secend
boundary layer E within the ceramic body. The temperature increases non-
linearly within the region'shown in lines) and reaches a third temperature T3 ot
approximately 80°C at a third boundary layer. The temperature further
increases within a region (shown dashed) around the heating elements H1',.
H2, ..., HG, ... until a fourth boundary region with a fourth temperature T4 of
approximately 100°C is reached. This fourth boundaty layer extends up to the
surface of an approximately 0.2 mm-thick insulation layer | and 2 pm-thick
protective layer (net shown) and comes In contact with a thermotransfer ink
band (not shown). At approximately 65°C, the ink layer on the thermotransfer
ink ribbon melts. An even higher fifth temperature Ts > T4 is even achieved in
the heating elements. For printing at a heating element with an electrical
resistance of 2 KOhm or 1.6 KOhm, a power ef 0.285 W or 0.354 W per dot is
‘transduced into heat by a thermotransfer print head of the type KSL360AAF-
PS from the company Kyocera. Each heating element has a size of 0.0683 x
0.110 mm and is closely adjacent to the respective next heating element SO

that 12 dots per mm can be printed in a row. The metal plate M is composed

T of aluminum and is much thicker than the substrate S. !t therefore has a“good
heat conductivity and serves as a heat sink. The thermotransfer print head 1
Is attached to the chassis (not shewn) of the printing device or franking

machine by the metal plate M. The substrate temperature can be measured

17
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In a known manner by a thermistor'(not shpwn). The equipotential line A
shows a tem-perature decrease from the center to the edge of the
thermotrahsfer print head 1 that cannot be detected by a thermistor that is
glued (in a manner not shown) onto the substrate S at the edge. The
insulation layer | can have two' glass |a'yers (no't shown). The inner glass layer
should electrically insulate the heating elements very well and protect against
oxygen. The outer glass layer has the thickness of 2 ym and should exhibit a
high abrasion (wear) resistance.

An improved flow chart of the processing of image data required for
printing is shown in Figure 9. In the first determination step 10 the imagé
information required according to the postal specifications are stored \as data
In a working memory (RAM) of thé franking machine. The data represent not
only each inked print po\int (dot) that should be printed, but also the necessary
energy quantity. The latter is represented as a binary code, for example with
4 bits pef pixel as a quadruple, and controls the necessary pulse duration of
the activation of a heating element for printing of a dot. This proc'essing of the
'energy value calculat_ibn according to a first type is time-consuming and can
therefore not ensue during the printing. A microprocessor is programmed by
software for en'ergy value calculation and coding as wel_l as for preparation of
pixel energy data. -The results of the energy value calculation and coding aré
buffered in the working'memory (RAM) of the frankihg‘ machine, which is
subsequently designated as a pixel energy memory. This enables respective
different energy values to be associated with the dots for printing different

image segments of the franking stamp image. A suitable method for activation

18
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of a thermotransfer print head is disclosed in German patent application 10
2004 063 756.3 (not previously published).

Good readability of the generated imprints can be achieved only when
the energy quantity supplied to each heating element is also matched with
other parameters, in particular ink ribbon parameters. A print \para'meter
system is therefore read out from a memory that is attached to the in'k ribbon‘
cassette in order to calculate the energy values with this set of parameters. A
suitable method for acﬁvation of a thermotransfer print head' IS described in’
German patent application 10 2‘004 060 156.9 (not previously published).

In a second control step 20, the data are processed by the
microprocessor in a known manner in order to activate the heating elements
differently dependent on what prior history exists and according to the
different spatial heating due to adjacent heating elements. For this purpose
energy values of the second type are set for at least that storage space in the
pixel energy memory that directly precedes the position of a dot to be printed
iIn the barcode image, although no dot is to be printed at this position
according to the barcode image. A heating pulse duration that is smaller .th'an '
the print pulse duration that would lead to the printing of a dot then resulits
from these energy values of the ‘-second calculation type. In the simplest
case, the heating pulse duration is set to a predetermined fixed valué which
was empirically determined. Inthenormal case, however,-the heating pulse
duration is variably set to a value that can be selected from a group of
predetermined, fixed values and is calculated by the microprocessor. Such a

method does not work, however, for heating elements that should print no
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dots. The start of the barcode as well as the right and left borders of the
barcode (as séen in the printing direction) appear to be printed too faintly
using conventional methods. The area Coverage thus I1s poor and the print
growth is lower than for the image elements/pixels of the barcode that do n_ot'
lie at the edge or start of the barcode image, which is printed from right to left.
The known algorithms are insufficiently suitable for 'ampliﬁcétion of the image
elements/pixels of the barcode situated at the outer edge or beginning. The
heat resistance in the print head, which is three-dimensionally distributed, was
found to be a basic cause of this problem. The substrate S of the
thermotransfer print head cannot be precisely sufficiently heated using a
simple history control mechanism that only evaluates a pixel to be printed or
print pixel environment information. As a result the high-resolution barcode
imagés printed with previous methods appear to be printed differently at the
aforesaid edges than in the inside and thus may be poorly machine-readéble.
To improve the machine readability, in a third improvement step 30 the
data are processed by a microprocessor wherein those heating elements are
“activated which lie in both boundary regions of the heating element row being
printed, but where no dots should be printed during the printing of a barcode.
Additionally those heating elements that do not lie in the two boundary regions
of the heating elerhent row are also activated for a limited time duration, the
aforementioned—time duration imrhediately preceding the printing of the
barcode image. Before the printing of the start of the barcode image and in
addition to the right and left edges of the barcode image (viewed in the

printing direction), during the printing a number of heating elements in
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sufficient proximity to those heating elements that p'rint a barcode image are
‘heated with an energy that is determined by variation of the heating pulse
duration, such that no printing ensues, in view of the heat capacitances and
heat conductivities. The number of the rows and columns is taken ihto
account such that, given the selected energy that is below threshold (or
various energies below thréshold), a sufficiently uniform heating of the three;
dimensionally distributed heat capacitances ensues before and while the |
barcode image is printed. For this purpose the barcode image tb be printed is
supplemented in terms of data in the pixel energy memory such that the pixel
energy memory now contains data for energy values in the aforementioned
front end and the environment of the barcode image to be printed, these
energy values pre-heating the thermotransfer print head in the manner
described above but not leading to the printing of dots at these positions.

When, for example, the maximum print pulse duration contains 10
phases, then energy values that are reached in 0 to 3 phases are possibly
already sufficient. In the region B in the representation according to Fig. 7,up
to 3/10 of the maximum energy value Enax is then supplied to each heating
element. In the region N in the representation according to Fig. 7, up to 2/10

of the maximum energy value Enmax can be supplied to each heating element.

As a result of the introduction of a predetermined energy value of the -

—third calculation-type, an activation of each heating elemeni~ensues at =
predetermined regions of the heating element row, whereby the energy value
Is predetermined only for preheating but not for printing. A heating pulse

duration which is likewise smaller than the print pulse duration thaf would lead

21



CA 02578902 2007-02-19

to the printing of a dot then results from these energy values of the third
calculation type. In a specific cese, the heatihg pulse duration can be settoa
predetermined fixed value which was empirically determined. Given
superimposition of an energy value of the second calculation type (hatched
Image elements of the region B in the barcode image according to Fig. 7) with
an energy value of the third calculation type (dotted region' B in the barcode
imege according to Fig. 7) for the activation of one and the same heating
element, the energy value of the second calculation type is set when this
exceeds the energy value of the third calculation type.

The different temperature distribution in the thermotransfer print head
is merely compensated by such heating pulses of shorter length in the heating
phases of the heating elements,' such that the machine readability of the
barcode is improved. A program routine is explained in detail below using
Fig. 12. \

In a fourth step 40 the data (quadruple) reflecting the respective pixel
energy value are transferred from the multiprocessor to a print data controller.
A respective predetermined pixel energy value for each heating element IS
supplied to the print data controller, which pixel energy value is converted into
a corresponding number of binary pixel data with the same binary value. The
pixel data are serially transferred to the thermotransfer print head.

In the fifth feed step 50, each binary pixel-energy value assaociated with
a heating element is output to the respective driver unit of the thermotransfer

print head in an associated phase of temporally successive running phases of
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a print pulse duration, which thermotransfer print head supplies the energy so
selected to the heating element.
A block diagram for controlling the printing of a franking machine with a

print data controller for a thermotransfer print head is explained using Fig. 10.

The franking machine is a special thermotransfer printing deyice with a

microprocessor-aided ccntroller 6, 7, 8, 9 and a print data contfollef 4 for a'
thermotransfer print head 1 with high print resolution, whereby the print data

controller 4 is connected in terms of address data and control with an encoder
3 and, via a bus 5, with at Ieast one microprocessor 6 and memory modules

7, 8, 9 of the controller. The quadruples are stored in columns in a pixel

energy memory (RAM) 7. The quadruples belonging to adjacent pixels of a

print column are thereby stored in parallel. A number of 90 - 16-bit data words

Is provided for the printing of a column. Given a print resolution of 12 dots per

1 mm (= 300 dpi), up to 175,500 - 16-bit data words must be stored in the

pixel energy memory (RAM) 7 for up to 1950 columns. A postal security

device (PSD) as well as further modules (not shown) such as, for example,

keyboard, display etc. are connected to the bus 5 corresponding to the postal
requirements. Given a direct memory access (DMA) on the input side the
print data controller 4 can accept and buffer 16 bits of data present in carallel

word-by-word from the bus 5. The print data controller 4 is connected With the
thermotransfer print head 1 " terms of control and operatesaccording to

German patent application 10 2005 007 220.8-27 (not previously published)
Method and Arrangement for Controlling the Printing of a Thermotransfer

Printing Apparatus. Each binary pixel energy value supplied to a heating
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element of the thermotransfer print head is output by the print data contrbller 4
In an 'associafed phase' of temporally successive running phases of a print
pulse duration. The thermotransfer print head 1 is high-resolution and
possesses an internal activétion electronic and a number of 360 heating'
elements that are arranged in a row of approximately 30 mm length. A first
portion of 180 heating elements is abtivated in parallel by a first shift register
11 via a first latch unit 12 and first driver uni.t 13. A second portion of 180
heating elements is activated in parallel by a second shift register 21 via a
second latch unit 22 and second driver unit 23. At least one heating element
exists at the border of the heating element row of the thermotransfer print
head 1, to which heating element energy is supplied of up to two-tenths of the
maximum energy value (as a resUIt of an energy value calculation of a third
type that is empirically“or calculationally implemented by the microprocessor
8). This heating element is immediately adjacent to a heating element Which
is used for printing a 50% line at the upper edge of the barcode.

A start sensor S1, a roller sensor S2, a flap sensor S3, an end sensor
S4 and a thermistor 19 on the one hand as we.ll as a motor 2a for driving a
roller (not shown) for winding of the used thermotransfer ink band, a motor 2b
for driving a COunter-pressure roller for print item conveyance duﬁng the
printing and a mdtor- 2¢ for actuation of the pressure mechanism of thé
counter-piessure roller-'==-(1'ﬁ'~ order to press the print item against the
thermotransfer print head 1 are connected to a sensor/motor controller 46.
The franking machine achieves a transport speed of approximately 150 mm

per second for franking labels or for mail pieces up to 6 mm thick. An
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interrupt controller 47 is directly connected with the microprocessor 6 via a
control line 49 for an interrupt signal I. The print data contro“er 4, the
sensor/mqtor controller 46 and the interrupt controller 47 can be realized
within an application-specific cir_cuit (ASIC) or programmable logic such as, for
example, a field programmable gate array (FPGA).

Fig. 11 shows a 'per\spective view from the front and upper right of a
known thermotransfer franking machine of the type Optimail30. Further VIEWS
of this franking machine can be taken from the Community Utility Model at the
Office for Harmonization in the International Market under the number
000199468-0001. Further variants of the franking machine of the type
Optimail30 are entered under the numbers 000199468-0002 and 000199468-
0003. '

The feed and discharge of a mail piecé ensues from the left to the right
on the feed table at a placement edge on the front side of the franking
machine. The franking machine Is equipped with a flap at the cartridge bay
that is arranged on its right side and on its upper part. Further details can be
learned from the German Utility Model DE 20 2004 015 279 U1 [Cartridge

Acceptance Device with State Recognition for a Printing Mai'l Processing

Apparatus.

Below a recess in the feed table (not visible), the thermotransfer
franking machine of the type Optimail30 has a start sensor and an end seiisor
with which the microprocessor can reliably detect the start and the end of a

mail piece or franking label. Further details can be learned from German
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Utility Model DE 20 2004 015 279 U1 Arrangement for a Printing Mail
Processing Apparatus. ‘

A franking imprint according to the DPAG specification FRANKIT® is
shown in Fig. 12, which franking imprint was printed with a thermotransfer
franking machine of the type Optimail30 from right to left on a franking strip 14
while the franking strip 14 is transported from left to right. 'A franking stamp
image 16 on the right side is thus first printed in columns, and subsequently a
two-dimensional data matrix barcode 15 with 36 x 36 image elements is
printed. An advertisement cliche and/or additional texts can subsequently be
printed in columns. A column counter which is realized by means of the
microprocessor begins to count at the counter state Z:= 0. A first limit value
G1 is reached at the counter state Z:= G1 and initiates the printing of the

franki‘ng stamp image 16. This ensues until ‘a second limit value G2 is

reached at the counter state Z:= G2 at which the printing of the franking stamp

Image is ended. The franking stamp image 16 in its upper half has the logo

Deutsche Post with posthorn followed by the FRANKIT® mark communicated

in the next line and a fee amount in euros. The franking stamp image 16 in

the lower half has the franking date and the serial number as well as, if
applicable, two supplementary lines (not printed). The print image of the data
matrix code follows at an interval of 3 mm, i.e. at the counter state Z:= G4.
This print image has; for example, a size of 21.336 x 21.336 mm with=an
allowed tolerance of + 1 mm according the FRANKIT® version 2.06 from 11
January 2006. The print image ends at a counter state Z:= G5. A print-image

of an advertisement stereotype then follows at an interval of 3.8to 5mm at a

26



CA 02578902 2007-02-19

counter state Z:= G6. The aforementioned print image here has a size of 45 x
30 mm. but exhibit a maximum size of 56\ X 30 mm, and ends a.t-a counter
state Z:= G7. An additional text in a size up to 50 x 30 mm can be printed at
an interval of 3 mm in a separate print stamp image when a counter state Z:=_\
(G8 is exceeded. Alternatively, a print image for additional letter service's can
also be printed at fhe position of advertisement stereotype and additidhal text.
The aforementioned print stamp image ends at a counter state Z:= G9.

A program routine with determination of the energy values for
preheating/border heating of a thermotransfer print'head Is shown in Fig. 13.
This program routine contributes to the quality improvement in the
thermotransfer printing method and thus contributes to the better machine
readability of barcbde as well. After the start in step 100 the column counter
of the microprocessor is set to the counter sfate Z= 0 in a step 101.
Moreover, limit values of the print column count are predetermined which
define the length of the print stamp image to be printed. A first query step 102
Is then reached. The further transport of the franking label simultaneously
‘ensues. The heating elements of the thermotransfer print head respectively
.stand at the end of a preheating phase over the next virtual print column.
When it is established in a first query step 102 that the label was tranéported
further by one column, the column is incremented by the value “one” in a step
103. Otherwise, when it is established in a first query step 102 that the strip
was transported further by one column, the column counter is then

iIncremented by the value “one” in a step 103.
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A second query step 104 is subsequently reached in which it is queried
whether the count value is already greater than/equal to the first limit value G1
= C1, whéreby the printing begins with the print column C1. If this is not the
case, the program routine branches back to the first query step 102 via a step -
105. Further phases which serve only for preheating of the thermotransfer
print head and thus are not visible as print columns thus precede the print
column C1. The columns situated before this are therefore designated‘as
virtual print columns. In each such virtual print column the heating elements
of the thermotransfer print head are activated with a pulse whose pulse
duration is not sufficient for printing. After this the column counter is
incremented by the value “one” in a step 103. This continues until the print
~column C1 is reached. '

' However, if in a second step 104 it is established that the\count value

IS already greater than/equal to the first limit value Z =2 G1, the program
routine Is branched to a third query step 106 in which it is established whether
the count value is already gréater than the second limit value, i.e. Z> G2. G2
is equal to Cf, and Cf is that column with which the printing of the franking
stamp image ends. If this is not the case, via a step 107 the program routine
branches back to the firsf query step 102. In a step 107, the pixel energy
. value calculation ehsues according to a first type that ensues dependent o‘n\
predetermined parameters and was already described above. In step 107 the
pixel energy value calculation likewise ensues according to a known second
type corresponding to the prior history of the activation of the heating

elements and their adjacent heating elements via the microprocessor. Given
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“each pass through the step 103 the column counter is increased by the value \
‘one”. The query step 106 is passed through, whereby the response is YES.
The response in the third query step 109 is NO, however only until the end of
the franking stamp image is reached with the print column with which a lifnit
value G2 can be associated.

If in a third query step 108 it is established that the co'l'mt value is‘
already greater than the second limit value, thus Z > G2, the prOQram routine
branches to a fourth query step 108 in which it is established whether th'e
count value' IS already greatér than/equal to the third limit value, thus Z 2 G3.
It this is not the case, the program routine branches back to the first query
step 102. In a step 103 the column counter is increased again by the value
‘one” and the query steps 104 and 106 are run through, whereby the answer
IS YES. This continues until a print column Cn-4 ié reached-w\ith which a limit
value G3 can be associated.

If in a fourth query step 108 it is thus established that the count value is
already greater than/equal to the third limit value, thus Z 2 G3, the program
routine then branches to a fifth query steb 109 in which it is established
'whether the count value is already greater than/equal to the fourth limit value
(thus Z =2 G4) which can be associated with a ﬁlrst print column at the étart of
the barcode image. If this is not the case, the program routine then branches
-Dack to the first query step 102 via-a step 110. -

In a step 110 the pixel energy value calculation likewise ensues
according to a known second type corresponding to the prior history of the

activation of the heating elements and their adjacent heating elements via the
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microprocessor. Before the printihg of a dot of the barcode image, a
predetermined first energy value Egq can be supplied to the respective heating
element Which is used in the region B. The energy value En, however, does
not lead to the printing but réther effects only a predetermined preheating of
the corresponding heating element in at least one of the preceding phases
(history control method). - '

Moreover, the pixel energy value calculation of a third type ensues for
all pixels before the barcode image in the region B. For example, before the
printing of the barcode image a predetermined second energy value Ey
should also be supplied to each heating element in the first four print columns -
which is associated with the region B, however was not used because no dot
should be subsequently printed immediately. With each phase of the heating
of a heating element the present base energy or the energy supplied
previously in the phases is increased by one energy level. Before the printing
of the barcode image 15, the predetermined second energy value Ev is
supplied to each of the heating elements in the region B which are not used

for a predetermined preheating with the first energy value Ep.
The second energy value Ev lies at least one energy level

(advantageous\ly two energy levels) below that first energy value Ey that

should be supplied for heating of the respective heating elements which

—=-should be used in region B according to the history control method. Thé‘

heating elements that are also not subsequently used in printing or are not

subsequently immediately used in printing are thus likewise heated, in

contrast to the history control method.
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After the first query step 102, the step 103 is rUn through again and the
columh counter is increased by the value .“one”. The query steps 104, 106
and 108 are executed, for which the responses are respectively YES. The
response in the fifth query step 109 is NO, but only until a fourth limit value G4 -
with a print column Cn at the start of the barcode image is not yet reached.
HoWever, then this is réached the program routine is branched to a sixth
query step 111. In the sixth query step 111 it is asked whether the count
value is already greater than the fifth limit value (thus Z > G5), whereby the
printing ends with the print colxumn Cq. If this is hot the case, the program
routine branches back to the ﬁfst query step 102 via a step 112. A pixel
energy value calculation of the first type and of the second type for all pixels
ot the barcode image and a pixel energy value calculation of the third type for
pixels in the border region N of the barcode image is [sic] implemented by the
microprocessor in a step 112 beginning with the print column Cn and ending
with the print column Cq, i.e. from the start to the end of the barcode image.
A border region exists when the length of the barcode image is smalier than
the Iength of the row of heating elements (strip w'idth). Energy values for the
heating of the heating elements at the edge of the heating elerhent row are
calculated by the microprocessor,. which enérgy values are associatéd with

the pixels in at least one of the two border regions N external to the barcode
iImage, whereby the energy values of such a level are calcuiated™such that as
a result no dots are printed by the corresponding heating elements at the
edge of the heating element row. It is provided that the calculation exists in

an addition of a previous experimentally-determined energy value Ey < 2/10
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Emax. Alternatively, the substrate temperature of the thermotransfer print head
1 can be meésured and a threshold comparison is implemented, whereby
given é threshold under-run of the substrate temperature an energy value Ey
that is higher by one level is seiected by the microprocessor.

After the first query stép 102 the step 103 is executed again and thé
column counter is increased by the value “one”. The quefy stéps 104, 106,
108 and 109 are executed, for which the responses are respectively YES.
The response in the sixth query step 111 is NO, however only until a fifth limit
value G5 is not yet exceeded with the print column Cq at the end of the
barcode image. However, when this is exceeded the program routine
branches to a seventh query step 113. This continues until a sixth limit value
G6 with a print column CQ + 50 is reached at the start of the barcode image.
As long as this is not the case, the program routine branches back to the first
'query step 102. When this is the case the program routine branches to
further query steps (which are not showh) in order to calculate energy values
for the remaining print stamp images until a penuitimate query step 119 is
reached in which it is asked whether the last print column Cz is reached at the
end of a franking imprint. When this is not the case, the program routinez
branches back to the first query step 102. When this is the case the routine is
' stopped in a step 120. | .

The routine can be:adapted for ihe postal regulations applicable in
other countries, correspondingly modified for the required franking imprints or,
respectively, be reasonably used for other print images of similarly printing

accounting or mail processing apparatuses.
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A barcode image with external regions for clarification of a data |
preparation that is different for these regions, which extemai regions serve for
preheating of heating elements, is shown in Fig. 14a for a second variant. For
printing with a stationary print head of a two-dimensional barcode on fhe
surface of the mail piece, a mail piece is moved from a feed position upstream
(in terms of mail flow) of a printing location in a direction pointing 'donnstrearh
(in terms of mail flow). When the feed position upstream (in terms of mail
flow) of the print location is locatéd to the left of the franking fnachine- (Fig.
11), an a_djacent leading région B then exists to the right of the printed
barcode, which adjacent leading region B, during the feed of the mail piece to
the printing location, is reached earlier than the region which is provided for
the printing of the two-dimensional barcode. The adjacent Iea\ding region B
external to the barcode image is drawn hatched. from the upper left to the
lower right and is subsequently designated more precisely as a region B that
IS not be printed and which serves for preheating of heating elements.

All heating elements of a thermotransfer print head that lie in a row,
these heating elements acting on the surface of the mail piece and being
arranged orthogonally to the printing direction, and are thus preheated
chronologically before the printing of the -dots in a first pc of th.e two-
dimensional barcode imprint. The aforementioned heating elements are
activated with a preheatingpuise which at most reaches 20% of the maximum
puise length of a printing pulse, such that although the heating elements

become warm they do not yet cause printing. That leads to a predetermined
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advantageous temperature distribution in the print head and as a result to a
uniform printing.

The heating elements and surrounding heat capacitors are moreover

preheated in a region N1 that is not to be printed, which region N1 is placed

. over the 50% line of the upper part of the barcode image in th-é
representation. This boundary regibn N1 external to the 'barc'ode image is
characterized with a diamond pattern and is subsequently designated more
precisely as a region N1 that is not be printed and which serves for heating of
heating elements during the printing of the barcode.

During the pfinting of the barcode é heating element of the adjacerit
row directly above the barcode image is activated with a pulse length of 0.2 =
20% of the maximum print pulse iength for a predetermined number of print
columns, such that the-'heating element is warm but cannot yet print. The

' surroundings of the heating elements that are used for printing of the 50% line

are thus heated such that this is mapped just as well as the barcode elements

(modules) within the barcode.

In Fig. 14a the quadratic modules without pre-heating are shown black
inside the two-dimensional barcode. No energy values of a second type are'
set, at least in that mémory space in the pixel energy memory that pfecedes
the position of a dot to be printed in the barcode image when the pixel energj)
value-calculation of the first type suffices for a printing of readable modules
within the two-dimensional barcode (for low requirements of readability) or

when a different suitable method for energy value calculation is used for

higher readability requirements of the modules, which replaces the
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atorementioned pixel energy value calculation of the first type and second

type for the modules.

No preheating 'of heating elements is required in the region N2 (drawn
dotted) under the barcode image when the heating elements are not
associated with any region to be printed.

In barcode printefs of other types it can be reasonable to differentiate
the heating elements to be heated in positions at the boundary regions (top,
right, bottom and left) of the barcode imprint, so that they are heated
differently. In contrast to this,_ in the aforementioned second variant of the
data preparation for preheati_ng of heating elementé, those of the heating
element rows that are associated with the left region of the barcode imprint
upon transport of the mail piece are, for example, not heated at éll since no
dots are printed in the image columns immediately after them and the print
head has also already reached its operating temperature. Those heating
elements in the boundary region of the heating element row that lie opposite '
the lower region of the bércode imprint upon transport of the mail piece must
likewise not be heated when the print head has already rea-ched its operating
temperature due to a printing of a 100% line with the immediafely—adjacent
heating elements. .

A franking imprint corresponding to the postal requiremeﬁts for
Australia is shown in Fig. 14b. Here the barcode 15’ isarranged to the right of
the value stamp and (in contrast to the printing of the barcode 15 according to.
the program routine shown in Fig. 13) is thus printed chronologically earlier

than the value stamp 16'.

35



CA 02578902 2007-02-19

A program routine with determination of the energy values according to
a further variaht for preheating and boundary heating of a thermotransfer print
head ié shown in Fig. 14c. Relative to thé workflow of the steps 100 through
120 in the program routine acéording to Fig. 13, the value of the limit values |
G1 through G9 for the column counter change in a step 101" (equivaient to the
step 101) and the subroutine is changed in a step 110’ (equ'ivale'nt to the step
110.). In the step 110" it is provided that a predetermined energy value Ey is
supplied to all heating elements of a heating element row which are used in a
leading region B before the printing of the barcode image 14. A first energy
value Ey corresponds to a heating pulse length that, however, does not Iead
to the printing but rather only effects a predetermined preheating of the
corresponding heating element in at least one of the preceding phases,
whereby an energy of \Up to two tenths of the maximum energy value is
' supplied to all heating eiements In the leading region B and, in the bouhdary
region N1, at least one heating element that is not to be printed at the edge of
the heating element row of the thermotransfer print head 1. The known pixel
energy value calculation of the second type is thus omitted in the step‘ 110°
and in step 110’ and 112’ a second variant is selected for the pixel energy.
value calculation of the third type. In the third variant, in é time rangé before
' the printing of the barcode image 14, an energy of one tenth of the maximurﬁ
energy value is supplied (via a heating pulse durin'g-th'e time duration-which
has the duration of one phase of a print pulse) for preheating of each non-
printing heating element when an image column of the leading region B-that IS

situ'ated at a distance from the edge of the barcode image 15 reaches the
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print location, whereby the phased alternates with a different phase in which
no energy is supplied to the non-printing h.eating element. Furthermore, the
distance from the edge of the barcode image 15 amounts to at -Ieast two
image columns when an energy of one tenth of the maximum energy value is -
supplied to the heating element for preheating by a heating pulse during a

time duration of the durafion of one phase of a printing pulse. ‘ l

This is subsequently explained \in detail using pulse/time diagrams for.a
preheated heating element past which the regions B and N1 are moved when
the mail piece is t'ransported further during the printing.

FFig. 15a shows a pulse/time diagram for activétfon of a heating element
of the thermotransfer print head according to the third variant, which heating
element is activated in a leading region B. In a first row the print column Cn
and image columns Cn-1 through Cn-26 are respectively spaced such that an
interval respectively corresponds to the time duration of print pulse duration
plus a pulse pause. A pulse/time diagram is shown in a second row. The '
print column Cn is that in which at least one heating element .of the
thermotransfer print head prints a dot for a pixel of the barcode on the mail
piece surface. A number of, for example 12, of directly successive print
columns Cn, Cn+1, Cn+2, ..., Cn+11 and twelve adjacent heating eléments
are required in the heating element row of the thermotransfer print Head in
order to print a ‘module designated ‘quadratic image elément [sic] of the
barcode according to Figure 14a. these heating elements are already heated
in advance (for example in the image column Cn+26, i.e. when the print

location is still 26 Image columns away) with a first pulse of the'energy E =
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1/10 Emax. That is reached by heating pulses of the duration of 0.1 = 10% of
the maximum print pulse length. When a print puilse can be temporally
subdivided' into phases of equal duration (for example 0.1 [sic}), the existing
base energy can be increased- \by ohe level with each phase of the heating Qf '
a heating element.

According to the example, a time duration of 26 clock pulses then
elapses until the printing of the dots. One clock pulse results from a print
pulse duration plus an associated pulse pause. A heating pulse is emitted
when the image column Cn-25 reaches the print location; however, a heating
pulse of the energy E = 1/10 Emax is emitted again when the image cqlumh
Cn-24 reaches the print location. The heating pulse emission alternates with
the non-emission until, for example, the image column Cn-2 is reached in
which a heating pulse o'f‘ the energy E = 2/10 Emax is emitted to the heating
elements which should\print the barcode. When the subsequent irhage
column Cn-1 is reached, a heating pulse of the energy E = 2/10 Emax is-
emitted again. Alternatively, a heating pulse of the energy E = 3/10 Emax
would also be poss_ible. This variable energy feed is enabled via an
electronically-controlled variation of the pulse duration. For this a sub-routine-
IS used that is explained in further detail using Fig. 16.

By the omission of the pulses in the image columns Cn-3 through Ch-
‘26, a representation (not sh-own) of a pulse/time diagram for activation of a
heating element activated in the leading region B also results for the second

variant of the quality improvement.
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Fig. 15b shows a pulse/time diagram for activat-ion of a heating element
of the thermotransfer print head that is pladed in the boundary region N1. In
the immediately following print columns Cn, Cn+1, Cn+2, ..., Cn+11, .., the
adjacent heating element in the heating element row of the thermotransfer '
print head is fed with a heating nulse of the energy E = 2/10 Emax that is not
sufficient for printing of a' dot. For this a subprogram routine is used Which is.
explained further using Fig. 17. The representations according to Figures 15b
and 17 similarly apply for the second and third variants of the quality
improvement.

Fig. 16 shows a subprogram routine 110 wifh determination of the
energy values according to the third variant for preheating of a thermotransfer
print head. The counter state Z of the column counter is queried in. a first step
1101°’. If the counter state Z is smaller than the limit valu.e Cn-k (which is
initially the case), the routine branches to a third step 1103’ and the counter
state Z of the column counter is evaluated as to whether the value Z = Cn-K
exhibits a k-value whose\ value is even or odd. Given an even k-value the
pulse energy is set at E = 1/10 Emax. Otherwise, given an odd k-value the
pulse energy is set at E = 0 Emax. If the counter state Z is not smaller than
' the limit value Cn-k, the routine branches to a second step 1102’ a.nd the
puise energy is set at E = 2/10 Emax. The representation according to Figure

A representation (not shown) of a subprogram routine also results for
the second variant of the quality improvement when the steps 1103’ through

1 105’ are omitted.
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Fig. 17 shows a sub-routine with determination of the energy values
according to thé second or, respectively, third variants for boundary heating of
a thermotrénsfer print head and for pixel energy value calculation 1123’ of the

latter ensues when heating elements in the boundary region N1 other than
those queried in step 1121’ are activated. Otherwise the pulse energy is set
to E =2/10 Emax in a step 1122’. .

In Fig. 18 a barcode image with external regions is shown for
clarification of a data preparation for preheating of heating elements according
to the third variant, which data preparation is different for these regions. This
third variant was developed by Francotyp Postalia GmbH under consideratioh
of the postal regulations for the country Canada. The data content of the
barcode is not essential for understanding of the preheating. For simplicity
the modules are only shown at the edge of the barcode image and shows as
components of the 50% 6r 100% lines, respectively. '

The activation methods for the thermotransfer print head take into
‘account a different boundary heating for the data matrix barcode. This ieads
to the i*ncrease'of the read rate for the data matrix barcode printed in the
thermotransfer printing method. Near the 50% line at the upper and right
boundary external to the data matrix barcode, the detail view of the upper
right barcode corner of the data matrix barcode shows a preheating with .é

heating pulse of 20% of the maximum print pulse duration, and moreover a
preheating with a heating pulse of 10% of the maximum print pulse duration,
which preheating entirely precedes the printing of the data matrix baréode at

an interval. The aforementioned interval from the boundary of the barcode
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Image amounts to at least two image columns. The following method is

advantageously proposed:

The heating elements and surrounding heat capacitors are preheated
In non-printing region B that is placed to the right of the barcode in the ‘
representation. In the imprint, invisible print columns Cn-y through_Cn-1' thus
-can \be defined that are directed along under the heating elemeht row of the
print head chronologically prior to the printing of the data matrix barcode, SO
all heating elements are activated with a heating pulse of the pulse length of ‘
10% of the maximum print pulse length in the image column Cn-y (which
arrives in a position under the heating element row earlier than a subsequent
image column Cn-(y-1)) while none of the heating elements is heated with a
heating pulse in tHe subsequent image column Cn(y-1). Following this, for
example twelve times in alternation, are a per-column heating of the heating
elements of the heating element row that can be currently associated with an
image column (which heating ensues with the pulse length of 0.1 of the
maximum print pulse length), and a per-column non-heating of the heating

element row that can be associated with the subsequent adjacent image '

column. In a column Cn-4 shows in Fig. 1, all heating eleme\nts are thus
heated with a heating pulse of the pulse length of 0.1 of the maximum pulse
length. In a column Cn-3 adjacent to that shown in Fig. 1, none cf the heating
elements are heated with a heating pulse.” However, in the adjacent columns
Cn-2 and Cn-1 all heating elements are heated with a heating puise of the

pulse length of 0.2 of the maximum print pulse length.
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Fig. 19 shows a franking imprint according to the postal requirements
in Canada. The barcode 15* ie arranged to the left of the value stamp 16*
and —in co-ntrast to t_he barcode 15 shownin Fig. 12 — is printed at an interval
from the value stamp 1 6*. Within the interval a stamp image 17* is printed '
with further data dictated by the postal authority. A program routine (modiﬁed
with regard to the program routine st10wn in Fig. 13) for determination of the
energy values for a printing of the barcode image In better quality thus also
exists, whereby the invention emanates from the same basic ideas.

The variants .2 or 3 or a different variant (not described in detail) for
quality improvement can be ueed for the generation of an image according te
Fig. 19, but the latter different variant essentially is based on the same
inventive concept.

‘ Although mail pieces, letter envelopes and franking labels are
discussed in the aforementioned example, other forms of print goods should
are not excluded. Any print items that can be printed by printing devices
according to the thermotransfer printing method are included. .

Although' modifications and changes may be suggested by those
skilled in the art, it is the intention of the inventors to embody within the patent
warranted hereon all changes and modifications as reasonably and properly

come within the scope of their contribution to the art.

- g - ~—u
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WE CLAIM AS OUR INVENTION:

1. A method for printing an image with a thermotransfer print head,
having a row of heating elements. of a printing device having a controller
equipped with a microprocessor and a pixel energy memory for déta '
processing before printing and to initiate and to control a printing process,
saild method comprising calculating a first energy quantity at' least with
inclusion of machine parameters In a'first determination step before printing,
and in a first feed step supplying the first quantity to a first heating element of
the thermotransfer print head to transfer ink from an ink ribbon associated
with the thermotransfer print head onto a print medium surface, and
calculating an energy value according to a first type, after which data of the
print image are processed by the microprocessor in order to also activate
heating elements in at least one of two border regions of a heating element
row where no dots should be printed during the printing of the image; and
additionally activating heating elements that do .not lie in the two border'
regions of the heating element row for a limited time duration, said time

duration immediately preceding printing of the image, and buffering energy

values for each of the heating elements of the thermotransfer print head in a

non-volatile manner in the pixel energy memory.

2. A method according to claim 1, comprising employing a different
data preparation by the microprocessor for regions external to said image. - ‘
3. A method according to claim 1 comprising after the calculation
of the first and second energy values, transferring data for respective pixel

energy values via a bus into a print data controller and said print data
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controller in converting the data into a corresponding amount of binary pixel
data with the same binary value, and in outputting each binary pixel data

value to be supplied to a heating element to respective driver units of the

thermotransfer print head in an associated phase of temporally successively

running phases of a print pulse duration to convert the print data into print
pulses of predetermined voltage level and with a duration that is separately
adjustable for the heating elements.

4, A method according to the claim 3, comprising applying a
voltage as said print pulse to the heating elements, and dividing the print
puise into phases of equal duration; and increasing base energy with each
phase of the heating of a heating element or the energy supplied previously In
the phases by one energy level, and also heating subsequent heating
eleménts that are not used or are not immediately subsequently used for.
printing.

5. A method according to claim 4, comprising calculating the
energy values for heating of the heating elements at an edge of the heating
element row by fhe microprocessor, said energy values being associated with
the pixels in at least one of the two border regions external to the image so
that no dots a're printed out by the heating elements at the bordér of the
heating element row. .

6. A method according to claim 5 comprisiiig supplying energy up
to two tenths of a maximum energy value to each heating element at the

border of the heating element row of the thermotransfer print head while the

iImage Is printed.
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7. A method according to claim 6 comprising, supplying said first
and second energy values in to a predetermined energy value.

8. A meth'od according to claim 6 comprising measuring a
substrate temperature of the thermotransfer print head and comprising the- '
;heasured substrate temperature to a threshold, and if the substrate
temperature is below the threshold, increasing said predetermined energy
value by one level is selected in the miCroprocessor.

0. A method . according to claim 4 comprising supplying a
predetermined first energy value heating elements used in a region external to
said image before printing the image; said predetermined first energy \'/alue En
being insufficient to cause printing, but rather only causing a predetermined
prelheating of the réspective heating elements in at least one of the preceding
phases, and supplying a predetermined second energy value to each of
heating elements in said'region external to said image before printing the
image that are not supplied with the predetermined first energy val'ue, the
predetermined second energy value being at least one energy Ievel\be‘low the

predetermined first energy value.
10.  Method according to the claims 1 through 4, cha.racterized in
that a predetermined energy value EH is supplied to all heating elements of a

heating element row which are used in the leading region (B) before the
printing of the barcode image (i5), whereby a irst energy value EH
corresponds to a heating pulse length that, however, does not lead to printing
but rather effects only a predetermined preheating of the corresponding

heating element in at least one of the preceding phases, whereby an energy
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of up to two tenths of the maximum' energy value is supplied to all heating

elements in the leading region .B and, in the boundary region N1, to at least

one non-pﬁnting heating element at the-bbundary of the heating element row
of the thermotransfer priht head (1).

11. A method according to claim 10 comprising in a time span
before printing the image when an image column of the leading region that is
situated at a distance from the edge of the barcode image reaches a print
location, preheating every non-printing heating element by supplying an
energy of one tenth .of the maximum energy value with a heating pulse during
a time duration which has a duration of one phase of a printing pulse, and
alternating the phase with another phase in which no energy is supplied to the
non-printing heating element. -

12. A method according to claim 11, wherein the distance from the
edge of the image amounts to at least two image columns when an energy of
one tenth of the maximum energy value is supplied to the heating element for
preheating with the heat pulse during said time duration of one phase of a
printing puise. '

13. A thermotransfer printing arrangement comprising
thermotransfer' print head comprising a row of heating elements, said row of
the heating elements of the thermotransfer print head having a length tha't
exceeds a length-of a row of image €lements at a border of an image which is
printed last; said thermotransfer print head being arranged in a printing device
and connected with 3 controlier equipped with a microprocessor programmed

to caiculate energy values, before a printing process, for activating said
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heating elements said microprocessor calculating said energy values for
heating elements at ends of the row of heéting elements of the print head to
activate said heating elements in warming phases when no dot to be printed
at borders external to the image; and calculating an energy value to be
supplied to the thermotransfer print head in different manners for printing of a
dot. . .

14. An arrangement according to claim 13 wherein said
microprocessor implements said energy value calculation accoroing to a first
calculation type and a secohd calculation type and by calculating an energy
quantity to be supplied to each heating element of rhe thermotransfer print
head dependent on machine parameters and dependent on different image
segments of the image, and by evaluating history-related information and
environment information about the activation of each heating element of the
thermotransfer print head to modify the calculated energy quantity or for
generation of an energy quantity for preheating of a heating element as well
as to determine the energy values respectively associated with each heating
element of the thermotransfer print head.
. 15. An arrangement according to claim 13 comprising sa print head
controller connected to said microprocessor and said print head, and a pixel
energy memory that buffers the energy values in a non-volatile manner
- connected in“terms of data and control with the thermotransfer print head via
the print data controller.

16.  An arrangement according to claim 15 wherein the print data

controller is realized a field programmable module.
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17. An arrangement according to claim 15 wherein the print ldata
controller is rea.lized an application specific integrated circuit.
18. An arrangement-according to claim 14 wherein said print head
comprises at least one héating element at a boundary of the heating element
row, said at least one heating element being supplied with energy of up to two
tenths of a maximum energy value as a result of an energy value calculation
by said microprocesso.r according to a third type, said energy vaslue
calculation of the third type being implemented emp'irically or computationally
by the microprocessor, and where.in said at least one heating element is
immediately adjacent thereto which is used for printing of a 50% line at an

upper boundary of the image.

Ridout & Mavyhee LLLP
Serte 2400 |
Cre Quasn Straet Eagt
Toranis, Canada MSC 381
Patent sgents of the Applicant
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