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ferent colored inks in the same locations, thus effecting a perceived
mixing of the colors to form TECHNICAL FIELD
what are known as secondary colors. While it is theoretically possible to
produce a The present invention relates to liquid ink-jet   5   multitude
of different colors and shades of colors printers and, more particularly,
to a pattern and  by overlaying three or more droplets of ink on each
sequence for depositing ink on a print medium so  individual potential dot
location ("pixel"), practical as to improve the appearance of printed
images.   limitations such as the ability of the medium to readily absorb
the liquid ink carrier, the available BACKGROUND OF THE INVENTION
10  drying time between successive depositing of droplets, and the fact
that the semi-opaque char- Dot matrix printing is the general term for the
acter of dried ink droplets results in a diminishing production of a
printed image upon a print medium  effect for each successively applied
droplet have accomplished by means of the depositing of a      resulted in
a practical limitation of a maximum of plurality of small individual spots
or "dots" of ink  is  two droplets per pixel in most applications. Thus,
upon the medium which, when viewed together,      using the above described
scheme, a maximum of closely approximate the desired image. This gen-
eight colors are available per pixel, these being: eral method is commonly
used in the production of    white (no ink deposited), a variety of printed
images and illustrations. It is  black, effective because the printed dots
can be made to  20  yellow, be closer to or further away from each other to
cyan, produce more or less darkly shaded areas as de-       magenta, sired.
Further, the phenomena of human perception     red (magenta and yellow),
tend to cause viewers to perceive the overall image   green (yellow and
cyan), and that is intended, in spite of minor irregularities.  25  blue
(cyan and magenta). Within the limits imposed by the relative size of the
Obviously, a scheme for producing a multitude smallest portions of the
image to be imprinted (the  of different colors and shades (lighter and
darker "detail") to the size of the dots used, such ir-  variations of
colors), without violating the practical regularities are perceived only as
a reduction of the  limitation of a maximum of two droplets of ink per
quality of the image presented.              30  pixel, is desirable.
However, methods for doing this The impact dot matrix printer, wherein
images  that have been developed have proven to be less are produced using
a typewriter style inked ribbon  than totally satisfactory since they have
either not and a plurality of wire "hammers" which impact the  included
provision for a drying interval between ribbon, thus causing the ribbon to
deposit Ink upon  applications of ink to contiguous pixel locations or the
medium, embodied the first large scale applica-  35  groups of pixel
locations, or they have not ad- tion of this principle in the field of
computer hard-  dressed the problem of color banding. Further, copy output.
A later development has been the ink-  prior art methods have not provided
a rational jet printer. Ink-jet printers utilize the same dot ma-  pattern
for laying down the various inks wherein trix concept as do impact dot
matrix printers. How-  optimal image quality may be obtained. ever, instead
of depositing ink upon the medium by   40  A number of means for causing
the ink to means of a hammer impacting an ink impregnated    expel from the
printhead in ink-jet printers have ribbon, ink-jet printers eject droplets
of ink from a  been tried with varying degrees of success. These printhead
onto the print medium. Each droplet,    include electrostatic means
(wherein the ink is ei- upon striking the medium, forms a small dot.
ther repelled or accelerated by means of electro- nk-jet printers have
several advantages over  45  static repulsion or attraction), and thermal
means impact printers in that they can be made to operate  (wherein an
individual droplet of Ink is rapidly heat- more quietly, faster, and more
reliably (since there  ed and vaporized and is effectively boiled out of a
are far fewer moving parts). Also, ink-jet printers  nozzle). Since the
present invention pertains to the are more readily adaptable to
applications requiring  allocation and sequence of application of Inks to
multi-colored print images, since they can easily be   50  pixel locations
of a print medium, it is equally designed to incorporate nozzles or sets of
nozzles  applicable to any of these various methods for for more than a
single color of ink. In fact, it has  physically depositing ink within the
pixels. become common to-utilize four sets of nozzles in      An ink-jet
printer must also include a mecha- such applications, for the colors of
cyan, magenta,  nism for positioning an ink-jet nozzle in a proper yellow,
and black. Cyan, magenta, and yellow are  ss  location over the print
medium and for then caus- referred to as the subtractive primary colors.
Addi-  ing the nozzle to deposit ink upon the medium at tional color
combinations can be prod uced by     that location. This is generally
accomplished, under causing the printer to deposit multiple dots of dif-
computer control, by providing a means for moving 2    



3                 EP 0 420 399 B1                   4 the medium, by
regular increments, past a prin-   mixing of colors or shadings may produce
a par- thead location. After each such incremental ad-   ticularly
objectionable product. vancement of the medium, a printhead containing
"Bleeding" of ink from one pixel into another is one or more ink nozzles is
moved across the       most likely to occur when the ink in both pixels is
medium in a direction perpendicular to the direc-   5   simultaneously wet.
The surface tensions of two tion of the advancement of the medium. At each
of  contiguous droplets of ink may yield to a combined a plurality of
Incremental positions along this per-  tension encompassing both droplets,
thus allowing pendicular printhead path, each of the nozzles con-  the ink
to flow between the pixels whereon these tained therein is caused by the
computer to either  droplets are located. Various schemes have been eject
an ink droplet or to refrain from doing so. By   10  utilized to provide a
drying time between applica- repeating this process, every potential pixel
loca-  tions of ink to contiguous pixel locations. U.S. Pat- tion on the
medium may be addressed.              ent No. 4,748,453 issued to Lin et
al. teaches an Due to the extremely small sizes of the ink    example of
one of these application methods. The nozzles utilized, a plurality of such
nozzles may be  Lin patent describes a method wherein only half of
contained on a printhead. Further, since it is desir-  15  the pixels in a
swath are printed at one pass of a able to reduce the number of
perpendicular traver-  printhead. The printhead is then moved over the sals
of the printhead across the medium, it is    same area again, with the
other half of the pixels in desirable to include as many nozzles in the
prin-  the swath being printed on that second pass. This thead as is
practical, It is also desirable, in order to  method reduces the number of
simultaneously wet obtain complete coverage of the medium, to have   20
contiguous pixels somewhat, but it does not in- overlapping coverage of ink
dots, as depicted in  crease the number of colors or shadings available,
FIG. 6. Therefore, it is not practical to have all  and it does not address
the additional problem of nozzles contained within a single column. This
"banding". does not present a problem, however, since the        Banding is
a series of noticeable belts or nozzles may be staggered as shown in FIG.
7.  25  bands across the print medium. These are com- When the printhead is
being moved in the direction  monly caused by mechanical misalignment of
shown by the arrow, a desired print pattern such as  printer parts such as
step error, drop volume vari- that shown in FIG. 8 may be created under
com-    ations, or nozzle directionality. Step error is the puter/processor
control by staggering the timing of  overshoot or undershoot of the medium
as it Is the firing of nozzles as they pass over the medium.  30  advanced.
For example, if a printer is designed to That area of the medium which may
be imprinted    advance the medium 4.24 mm (0.167 inch) after with a single
pass of the printhead is referred to as  each swath is printed, but because
of variances In a swath.                                          part
and/or assembly tolerances it actually ad- The above described arrangement
of nozzles is  vances 4.32 mm (0.170 inch), there would be a applicable for
each of the several colors of ink  35  76.2 [err] (0.003 inch) step error.
This means that which may be employed in a color printer. Col-    there
would be a 76.2 [err] (0.003 inch) unprinted umns of nozzles for each color
may be arranged in  band across the paper between each swath. Drop any of
several different manners including parallel  volume variations may be
caused by tolerance to each other on a common printhead, parallel to
variations in nozzle sizes or other irregularities. each other on
individual printheads, or consecu-  40   Nozzle directionality refers to
variations in the pre- tively on either a common or individual printheads.
cise angles at which ink droplets are ejected from While any of these
physical arrangements of    the various nozzles. Any of these
irregularities can nozzles is workable, as are many other potential  cause
a banding problem. The combined method arrangements, they also each present
potential pit-  of the present invention teaches a way to avoid this falls
to the goal of creating high quality multi-  45  problem. colored or
multi-shaded images. First, as discussed  Therefore, while methods have
been developed previously, if multiple colors are to be derived from  to
reduce unwanted migration of inks between con- the four colors of ink used
(including black), with  tiguous pixel locations, to the inventors'
knowledge, the limitation that a maximum of two colors may be  no prior art
method has provided a way to reduce applied per pixel, only eight colors
(including black   50  migration while also eliminating the "banding" and
white) can be produced. This is far less than a  problem. Furthermore, no
prior art method for pro- desirable full spectrum  of colors and shadings.
ducing multi-colored or multi-shaded images has Further, problems
associated with all ink-jet print-  provided a way to prevent banding while
reducing ers, such as "bleeding" of ink from one pixel into  unwanted ink
migration. another, are compounded when multiple colors or  55 shadings are
desired because when more ink Is used, bleeding and other migrations of wet
ink are more likely to  occur, and because inadvertent inter- 3    



5                 EP 0 420 399 B1                   6 DISCLOSURE OF
INVENTION                           banding problem when pixel locations
are treated individually, and the described pattern and se- The present
invention relates to the printing of  quence for laying down "super pixels"
is applied to images upon a print medium using an ink-jet print-
individual pixel locations. er. A method including a pattern and a sequence
5   Since none of the super pixels is printed in the for depositing
droplets of ink upon the medium is  same transverse movement of the
printhead as is disclosed which provides a means for greatly re-  any
contiguous super pixel, problems of color ducing unwanted bleeding of
colors between con-   bleeding between super pixels is eliminated. Fur-
tiguous pixel locations or groups of pixel locations  ther, since it is
intended that each super pixel be and also provides a means for greatly
reducing   10  perceived as being of a single homogeneous color, printer
banding problems. The inventive method    color bleeding within a super
pixel is considered to further provides a pattern and sequence wherein a
be harmless. great number of variations of coloring and shading   The
banding problem is eliminated by stagger- may be produced in multi-colored
printed images,  ing printhead movements across the medium such or a great
variety of shadings may be produced in  15  that a first printhead movement
across a swath single colored (monochrome) images while retain-  prints all
even numbered super pixel locations as ing the advantages of reduction of
unwanted ink   required in a swath, the medium is then advanced migration
and reduction of banding. A variation of  by one-half swath distance, and
the printhead then the method of the present invention involves the  prints
all odd numbered super pixel locations as formation of "super pixels", with
each such super  20  required in the bottom half of a previous swath and
pixel including a quantity of individual pixels, and  in the top half of a
next swath. with these super pixels being printed In an inter-    By this
method, the resultant image is of a laced pattern and utilizing overlapping
swaths of a  much higher quality than has been produced using printhead.
The printing process according to the  prior art methods. The inventive
method accom- invention is defined in claims 1 and 3.      25  plishes this
improvement in print quality without Briefly, the presently preferred
embodiment of  unduly complicating the task of providing computer the
present invention utilizes existing printer hard-  programs for providing a
multitude of colors, as ware, wherein 28 nozzles are provided on a prin-
once a system for implementing the method taught thead for each of four
color inks. These colors are  is included either in program software or in
printer yellow, cyan and magenta (the subtractive primary  30  firmware, a
program may call up a designated colors), and black. By printing a pixel
location with  color combination for a super pixel by number. either a
primary color or with a combination of two  Without benefit of the
inventive method, assigning of the primary colors (a "secondary" color),
that  colors to each individual pixel so as to effect the pixel location
may be caused to be one of six     various color combinations available as
a result of individual colors. Therefore, the total number of  35  this
method would be exceedingly complicated. variations for each pixel location
on a medium is     An advantage of the present invention is that eight,
including black and white, with white being  visible banding is greatly
reduced in a printed .the result of leaving the pixel location unprinted.
image. However, in accordance with the present invention,   Another
advantage of the present invention is a group of pixel locations may be
caused to in-  40  that unwanted bleeding between pixel locations is clude
a variety of combinations of primary colors  greatly reduced. and/or
secondary colors, or such combinations fur-    Yet another advantage of the
present invention ther including either black or white. Because hu-  is
that a great variety of color and shading vari- man perception tends to
integrate these groups of  ations may be produced in a printed image
without tiny overlapping pixels into what is perceived to be   45  losing
the advantages of reduced color bleeding (at ordinary reading distance) a
single homoge-   and reduced banding. neous color or shading variation, a
great variety of  A further advantage of the present invention is color or
shading variations may be produced.      that relatively simple programming
may be used to This ability to blend colors according to the  implement the
inventive method. present invention is best achieved when the num-  50
These and other advantages of the present ber of pixels in each of these
groups of pixels is  invention will become clear to those skilled in the
greater than one and less than would result in an  art in view of the
description of the best presently obvious loss of resolution in the printed
image. In  known mode of carrying out the invention and the accordance with
the presently preferred embodi-   industrial applicability of the preferred
embodiment ment of the present invention, pixel locations are  55  as
described herein and as illustrated in the several grouped into "super
pixels" of four pixels each.  figures of the drawing. However, the
inventive method will also serve to eliminate unwanted ink migration and to
reduce the 4    



7                EP 0 420 399 B1                    8 BRIEF DESCRIPTION OF
THE DRAWING                  droplet of ink then causing the printhead 30
to advance horizontally 0.14 mm (1/180 inch) across FIG. 1 is a
diagrammatic representation of a   the medium, then again causing each of
the verti- printer suitable for use in performance of the  cally arranged
nozzles N1 through N28 of each of inventive method;
5   the nozzle groups to expel a droplet of ink, again FIG. 2 is a
representation of the face of the  causing the printhead to advance
horizontally 0.14 printhead as used in the best known embodi-    mm (1/180
inch), and repeating this process across ment of the invention, showing the
arrangement  the medium. of ink nozzles thereon;
Referring now to FIG. 3, the nozzles N1 FIG. 3 depicts a part of a medium
showing   10  through N28 (FIG. 2) are of a size such that an ink division
into pixel areas, the placement of ink  dot 30 ejected therefrom will be of
an approximate droplets thereon, and the size and placement   diameter 32
of 2 x (1/180) inch after impact with relationships thereof;
the medium 12. Since the center to center distance FIG. 4 depicts a part of
a medium showing      of the dots 34, according to the presently preferred
groupings of four pixels into "super pixels";  15  embodiment of the
invention as described above is FIGS. 5(a), 5(b), and 5(c) show a portion
of a  0.14 mm (1/180 inch), this results in a coverage single swath of
pixels and ink dots placed there-  wherein dots 30 that are horizontally
and vertically on in three successive passes of a printhead   adjacent
overlap, and dots that are diagonally adja- over the swath;
cent just touch. Each location on the medium 12 FIG. 6 shows the
overlapping nature of adjacent  20  where an ink dot 30 might be made is
referred to ink dots on a medium;                          as a pixel 36,
whether or not an ink dot is actually FIG. 7 shows the staggered nature of
nozzles on  deposited thereon. a printhead; and
Referring again to FIG. 1, after the printhead 16 FIG. 8 shows an example
of a pattern of ink dots  has completely traversed the medium 12, the me-
that might be produced by the nozzle of FIG. 7   25  dium could then be
caused to advance by 3.95 under computer control.                        mm
(28/180 inch) in the medium advance direction 14, the printhead 16 could
then be returned to its BEST MODES FOR CARRYING OUT THE INVEN-
initial position, and again the printhead could be TION
caused to traverse the medium. The entire area of 30  the medium 12 which
might be inked in a single The best presently known mode for carrying
pass of the printhead 16 is referred to as a swath out the invention
employs a conventional color ink-  38. By repeating these steps, every
pixel 36 on the jet printer used in a manner so as to implement the  medium
12 could have deposited thereon four ink inventive method. Referring to
FIG. 1, the printer  dots 30 (one each of yellow, cyan, magenta and 10,
shown here in a diagrammatic form, uses con-  35  black). Of course, in a
practical application, only ventional means (not shown) for advancing a
print  those pixels 36 directed under computer control to medium 12 in a
medium advance direction 14. A     be inked would have ink dots 30 actually
deposited printhead 16 is affixed to a printhead sliding   thereon. A
further practical limitation is that, nor- mechanism 18 for allowing the
printhead to tra-   mally, a maximum of two ink dots 30 per pixel 36 verse
across the medium 12 in a printhead travers-  40  is desirable. ing plane
20. The printhead 16 is caused to move     Referring now, to FIG. 4,
according to the pres- upon the printhead sliding mechanism  18 by a
ently preferred embodiment of the inventive meth- printhead drive mechanism
(not shown).           od, beginning at an extreme upper left pixel 40 on
Referring now to FIG. 2, there is shown a     the medium 12, the extreme
upper left pixel and diagram of a printhead face 20 whereon are verti-  45
the three pixels 36 immediately adjacent thereto cally arranged a group of
nozzles for yellow ink 22,  are designated and defined as being a "super a
group of nozzles for cyan ink 24, a group of   pixel" 42. In the same
manner, each succeeding nozzles for magenta ink 26, and a group of nozzles
group of four pixels 38 on the entire medium 26 is for black ink 28. Each
of the nozzle groups 22, 24,  designated and defined as being a super pixel
42. 28, and 28 include twenty eight individual nozzles  so  Each of the
pixels 36 within a super pixel 42 may N1 through N28. The printhead 16
(FIG. 1) is     be caused to be one of eight colors (including positioned
over the medium 12 such that the prin-  white) by either not printing ink
thereon (white), or thead face 20 is facingly opposed to the medium   by
printing thereon, under computer control, either so as to effectuate
printing thereon.             black ink, yellow ink, cyan ink, or magenta
ink, or Complete solid area coverage of the medium   55  both yellow ink
and cyan ink (green), both cyan ink 12 might be obtained by causing each of
the      and magenta ink (blue), or both yellow ink and vertically arranged
nozzles N1 through N28 of each  magenta ink (red). Therefore, a total of
4096 per- of the nozzle groups 22, 24, 26 and 28 to expel a  mutations of
color arrangements within a super 5    
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mathematically possible. However, ac-  presently preferred embodiment of
the present in- cording to the presently preferred embodiment of  vention,
a portion of a single swath 38 is shown. the present invention, many of
these potential per-  FIG. 5(a) depicts the ink dots 30 that would be
mutations are considered to be unnecessarily      printed on a first pass
of the printhead 16. In this duplicative. Therefore, according to the
method of   5   figure, row designations R1 through R28 are a the preferred
embodiment of the present invention,  numbering system for the arrangement
of pixel all color combinations (three yellow and one black,  locations 36
within the swath 38. On a first pass for example) are always arranged in
the same      across the illustrated swath 38, the ink dots 30 relative
order, thus resulting in 330 variations of  shown as printed in FIG. 5(a)
in rows R1 through color and shading. Since human perception will, at  10
R14 would be printed by nozzles N15 through N28 normal reading distance,
cause super pixels 42 of  (FIG. 2), respectively. The medium 12 is then ad-
the size describe herein which are created accord-  vanced the length of 14
pixels i.e. 1.98 mm (14/180 ing to the inventive method to appear to be of
a  inch), and the printhead 16 would make a second single homogeneous
color, 330 variations of color-  pass across the medium 12. In the
presently pre- ing and shading is provided for each super pixel.  15
ferred embodiment of the present invention, the This limitation of 330
variations of colors according  printhead 16 is returned to its original
position after to the presently preferred embodiment of the      each pass,
and each pass wherein printing occurs present invention is by no means a
limitation of the  is, therefore, in the same direction as all other
invention, as the inventive method is equally ap-  printing passes.
However, this is desirable because plicable to any variety of combinations
of colors  20  of the specific arrangement of nozzles in this pre- and
combinations of colors, and any number of     ferred embodiment, and
because of other limita- pixels 40 per super pixel 42. Further, the number
of  tions of the printer 10 used to implement the inven- pixels 40 per
super pixel 42 may be reduced to    tive method. This is not a limitation
of the inventive one, and the inventive method may be practiced as  method,
and printing in both directions of travel of herein described in relation
to the best presently  25  the printhead 16 is entirely within the scope of
this known method for practicing the invention, by ap-  invention. On the
second pass of the printhead 16 plying the sequence described herein for
printing  across the swath 38, alternate super pixels 42 are super pixel
locations to the printing of individual  printed as shown in FIG. 5(b),
wherein pixels that pixel locations.                                  have
been printed in the previous pass are des- The sequence of applying ink
dots 30 to the   30  ignated by "x". On this second pass, pixels in rows
super pixels 42 according to the present invention,  R1 through R28 are
printed by nozzles N1 through In general, provides for the printing of all
required  N28 (FIG. 2), respectively. The medium 12 is then ink dots to be
deposited within any given super   again advanced the length of 14 pixels,
i.e. 1.98 pixel in a single pass of the printhead 16. However,  mm (14/180
inch), and the printhead 16 would all ink dots 30 contained in super pixels
42 that are  35  make a third pass across the medium. On the third either
horizontally or vertically adjacent to a con-  pass of the printhead 16
across the swath 38, the currently printed super pixel will be printed on
an  remainder of the super pixels 42 are printed as alternate pass of the
printhead 16, either imme-    shown in FIG. 5(c), wherein pixels that have
been diately preceding or immediately following. Further,  printed on the
previous two passes are designated in order to minimize banding effect, the
printing of  40  by  "x". On this third pass, pixels in rows R15 swaths 38
is accomplished by a sequence com-      through R28 are printed by nozzles
N1 through prising a first transverse movement of the printhead  N14 (FIG.
2), respectively. Also on this third pass, 16 across the swath wherein
nozzles N15 through   nozzles N15 through N28 are used to begin a next N28
are used to print one quarter of the pixels 36  consecutive swath (not
shown). of the swath, a second transverse movement of the   45  As can be
understood from the above descrip- printhead across the swath wherein all
nozzles N1  tion, according to the sequence just described, through N28 are
used to print one half of the pixels  there will be a first pass of the
printhead 16 across in the swath, and a third transverse movement of  the
medium 12 wherein nozzles N1 through N14 printhead across the swath wherein
nozzles N1     are not used, and a last pass of the printhead through N14
are used to print one quarter of the   50  across the medium wherein nozzle
N15 through pixels in the swath. During the third transverse  N28 are not
used. On all other passes of the movement of the printhead 16, nozzles N15
printhead 16, all of the nozzles N1 through N28 are through N28 are used to
concurrently print one    used, as needed to create a desired printed image
quarter of the pixels 36 in the next succeeding   under computer control.
Accordingly, in order to swath 38, thus beginning this series again as to
the   55  print an entire image, a total of two passes of the next
succeeding swath.                            printhead 16 is required per
swath 38 which is to Referring now to FIG. 5, which depicts the     be
printed on the medium 12, plus two additional sequence for printing ink
dots 30 according to the  passes (one at the top and one at the bottom).
11             EP 0 420 399 B1                   12 



Various modifications to the inventive method  tions for producing images
according to the inven- may be made without altering its value or scope.
tive method is introduced into either computer soft- For instance, any
number of nozzles might be      ware or printer firmware, a programmer
wishing to employed. Another obvious modification would be   use the
inventive method for producing an image to employ the inventive method in
monochrome   5   from a program can easily "call up" any of the (black and
white) applications wherein only various  available color and shading
variations available per shadings, rather than variations of both shading
super pixel. Without the inventive method, the task and color, could be
derived. Further, the individual  of programming such a variety of colors
pixel by pixels and ink dots of the inventive method could  pixel would be
greatly complicated. be of any size commensurate with the goal of  10
For these and other reasons, it is expected that having them perceived as a
unit by the human eye.  the utility and industrial applicability of the
inven- Further, the method could be adapted to use with  tion will be both
significant in scope and long types of printers other than ink-jet
printers. Another  lasting in duration. conceivable variation of the
inventive method would be to reduce the number of pixel locations per  15
Claims super pixel to one, thereby retaining the advan- tages of reduced
color bleeding and reduced band-  1. A process for using an ink-jet printer
to pro- ing, such as for applications wherein multiple col-   duce high
quality printed images on a plurality ors or shades are not desired.
of pixel locations of a printing medium corn- All of the above are only
some examples of  20    prising a sequence for depositing an ink on the
available embodiments of the present invention.       pixels of the medium,
including: Those skilled in the art will readily observe that       a first
pass of a printhead across a first numerous other modifications and
alterations may      swath of the printing medium wherein alternate be made
without departing from the invention. Ac-     of the pixel locations are
printed, as required to cordingly, the above disclosure is not intended as
25  produce a desired image, such that those of limiting and the appended
claims define the entire   the pixels which are horizontally and vertically
scope of the invention.                               adjacent are not
printed on said first pass of the printhead, and such that only the
alternate INDUSTRIAL APPLICABILITY                              pixel
locations in a top half of said first swath 30      are printed on said
first pass; As can be understood from the above descrip-          a second
pass of the printhead across said tion of the inventive method, an image is
produced    first swath wherein alternate of the pixel loca- which is of
very high quality since it is relatively  tions are printed, as required to
produce a free of unwanted ink bleeding and banding prob-       desired
image, such that those of the pixel lems. This high quality image can be
comprised of  35  locations to be printed on the top half of said a great
variety of combinations of colors and shad-  first swath which were not
printed on said first ings. In the type of application for which the inven-
pass of said printhead are printed on said tive method is best suited, the
problems of color      second pass of said printhead, and wherein bleeding
and banding are most harmful. Therefore,     alternate of the pixel
locations to be printed in since both of these problems are effectively
cured   40  a bottom half of said swath are printed such by the inventive
method, the images produced by       that those of the pixels which are
horizontally this method are of the highest quality practically    and
vertically adjacent are not printed on said attainable for this sort of
printed image. As will be  second pass of said printhead; understood by
those familiar with this field, bleed-     a third pass of the printhead
across said ing between super pixels (or between individual  45  first
swath wherein alternate of the pixel loca- pixels in applications wherein
super pixels are not  tions are printed, as required to produce a used) is
essentially eliminated by the method de-     desired image, such that the
pixel locations to scribed herein. Further, bleeding between pixels      be
printed in said first swath not printed on within a super pixel will not be
at all harmful to    said first pass of said printhead or said second image
quality. In fact, some of this sort of bleeding   so  pass of said
printhead are printed on said third might even help to blend the colors
within the        pass of said printhead, and wherein a first pass super
pixel and would thus even add to image          on a next succeeding swath
is accomplished quality. The banding problem, while not eliminated,
simultaneously with said third pass of the prin- is very well masked by the
overlapping nature of     thead across said first swath; and printhead
passes.                            55          a continuation of passes of
said printhead Also important is the ease of producing multi-    across a
plurality of succeeding swaths, re- colored or multi-shaded images
according to the       peating the requirements of said first pass, present
inventive method. Once a set of instruc-      said second pass, and said
third pass, until the 7    11           EP 0420 399 B1                  12 



Various modifications to the inventive method    tions for producing images
according to the inven- may be made without altering its value or scope.
tive method is introduced into either computer soft- For instance, any
number of nozzles might be        ware or printer firmware, a programmer
wishing to employed. Another obvious modification would be      use the
inventive method for producing an image to employ the inventive method in
monochrome   5   from a program can easily "call up" any of the (black and
white) applications wherein only various  available color and shading
variations available per shadings, rather than variations of both shading
super pixel. Without the inventive method, the task and color, could be
derived. Further, the individual  of programming such a variety of colors
pixel by pixels and ink dots of the inventive method could   pixel would be
greatly complicated. be of any size commensurate with the goal of  10
For these and other reasons, it is expected that having them perceived as
a unit by the human eye.  the utility and industrial applicability of the
inven- Further, the method could be adapted to use with    tion will be
both significant in scope and long types of printers other than ink-jet
printers. Another  lasting in duration. conceivable variation of the
inventive method would be to reduce the number of pixel locations per   15
Claims super pixel to one, thereby retaining the advan- tages of reduced
color bleeding and reduced band-    1. A process for using an ink-jet
printer to pro- ing, such as for applications wherein multiple col-
duce high quality printed images on a plurality ors or shades are not
desired.                          of pixel locations of a printing medium
com- All of the above are only some examples of  20       prising a
sequence for depositing an ink on the available embodiments of the present
Invention.         pixels of the medium, including: Those skilled in the
art will readily observe that          a first pass of a printhead across a
first numerous other modifications and alterations may        swath of the
printing medium wherein alternate be made without departing from the
invention. Ac-       of the pixel locations are printed, as required to
cordingly, the above disclosure is not intended as   25  produce a desired
image, such that those of limiting and the appended claims define the
entire      the pixels which are horizontally and vertically scope of the
invention.                                 adjacent are not printed on said
first pass of the printhead, and such that only the alternate INDUSTRIAL
APPLICABILITY                                pixel locations in a top half
of said first swath 30      are printed on said first pass; As can be
understood from the above descrip-            a second pass of the
printhead across said tion of the inventive method, an image is produced
first swath wherein alternate of the pixel loca- which is of very high
quality since it is relatively    tions are printed, as required to produce
a free of unwanted ink bleeding and banding prob-         desired image,
such that those of the pixel lems. This high quality image can be comprised
of  35   locations to be printed on the top half of said a great variety of
combinations of colors and shad-     first swath which were not printed on
said first ings. In the type of application for which the inven-   pass of
said printhead are printed on said tive method is best suited, the problems
of color       second pass of said printhead, and wherein bleeding and
banding are most harmful. Therefore,       alternate of the pixel locations
to be printed in since both of these problems are effectively cured   40  a
bottom half of said swath are printed such by the inventive method, the
images produced by         that those of the pixels which are horizontally
this method are of the highest quality practically      and vertically
adjacent are not printed on said attainable for this sort of printed image.
As will be   second pass of said printhead; understood by those familiar
with this field, bleed-        a third pass of the printhead across said
ing between super pixels (or between individual  45     first swath wherein
alternate of the pixel loca- pixels in applications wherein super pixels
are not     tions are printed, as required to produce a used) is
essentially eliminated by the method de-       desired image, such that the
pixel locations to scribed herein. Further, bleeding between pixels
be printed in said first swath not printed on within a super pixel will not
be at all harmful to      said first pass of said printhead or said second
image quality. In fact, some of this sort of bleeding   50  pass of said
printhead are printed on said third might even help to blend the colors
within the          pass of said printhead, and wherein a first pass super
pixel and would thus even add to image            on a next succeeding
swath is accomplished quality. The banding problem, while not eliminated,
simultaneously with said third pass of the prin- is very well masked by the
overlapping nature of        thead across said first swath; and printhead
passes.                               55          a continuation of passes
of said printhead Also important is the ease of producing multi-
across a plurality of succeeding swaths, re- colored or multi-shaded images
according to the         peating the requirements of said first pass,
present inventive method. Once a set of instruc-        said second pass,
and said third pass, until the 7    13                EP 0 420 399 B1
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entirety of said desired image is produced.        across a plurality of
succeeding swaths, re- peating the requirements of said first pass, 2. The
process of claim 1, wherein:                    said second pass, and said
third pass, until the said printhead includes a plurality of noz-
entirety of said desired image is produced. zies for different coloured
inks; and      5 said printed image is produced by applica-  4. The process
of any preceding claim, wherein tion of the process of claim 1 with each of
said   the ink is deposited on the pixels of said super pluralities of
nozzles for different coloured inks.  pixels by thermally ejecting droplets
from the nozzles. 3  A process for using an ink-jet printer to pro-  10
duce high quality printed images on a plurality  5. The process of claim 4,
wherein the nozzles of pixel locations of a printing medium com-      are
mounted on a traversing mechanism that prising:
traverses across the printing medium parallel allocating a plurality of
groups of contig-     to its surface. uous pixel locations on the medium
into a   15 plurality of super pixels; and                  6. The method
of any preceding claim, wherein depositing one or more coloured inks on
said printhead is positioned over said print the pixels of said super
pixels in a plurality of  medium by moving said printhead with respect
combinations by a sequence including:              to said medium. a first
pass of a printhead across a first  20 swath of the printing medium wherein
the pixel  7. The method of any preceding claim, wherein locations of
alternate of the super pixels are     said printhead is positioned over
said print printed, as required to produce a desired im-      medium by
moving said print medium with age, such that the pixel locations of those
of     respect to said printhead. the super pixels which are horizontally
and   26 vertically adjacent are not printed on said first  8. The method
of claim 3, wherein said coloured pass of the printhead, and such that only
the      inks are all of the same colour, and the resul- pixel locations of
the alternate super pixels in a  tant printed image is multi-shaded by
including top half of said first swath are printed on said   a plurality of
variations of shading of said same first pass;
so      colour. a second pass of the printhead across said first swath
wherein the pixel locations of al-  9. The method of claim 3, wherein said
coloured ternate of the super pixels are printed, as re-     inks are of a
variety of colours, and the resul- quired to produce a desired image, such
that       tant printed image is multi-coloured by includ- the pixel
locations of those of the super pixels  36  ing a plurality of variations
of shading of said to be printed on the top half of said first swath
variety of colours, as well as a plurality of which were not printed on
said first pass of       variations of hues produced by various com- said
printhead are printed on said second pass     binations of said variety of
colours. of said printhead, and wherein the pixel loca- tions of alternate
of the super pixels to be   40  10. The method of any preceding claim,
wherein printed in a bottom  half of said swath are        said printhead
is advanced by a one half swath printed such that the pixel locations of
those of  length between each of successive passes of the super pixels
which are horizontally and        said printhead. vertically adjacent are
not printed on said sec- ond pass of said printhead;                45
Patentansprlche a third pass of the printhead across said first swath
wherein the pixel locations of al-  1. Ein Verfahren zum Verwenden eines
Tinten- ternate of the super pixels are printed, as re-    strahldruckers,
urn gedruckte Bilder hoher quired to produce a desired image, such that
QualitAt auf einer Mehrzahl von Pixelorten el- the pixel locations of the
super pixels to be   50  nes Druckmediums zu erzeugen, das eine Ab- printed
in said first swath not printed on said    folge zum Abscheiden einer Tinte
auf den Pi- first pass of said printhead or said second        xeln des
Mediums aufweist, das folgende pass of said printhead are printed on said
third   Schritte einschilelt: pass of said printhead, and wherein a first
pass   elnen ersten Durchlauf eines Druckkopfes Ober on a next succeeding
swath is accomplished   56    ein erstes Band des Druckmediums, bei dem
simultaneously with said third pass of the prin-   alternierende Pixelorte
bedruckt werden, wie thead across said first swath; and                 es
erforderlich ist, urn ein gewanschtes Bild zu a continuation of passes of
said printhead      erzeugen, so daB die Pixel, die horizontal und 8    15
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vertikal benachbart sind, be! dem  ersten          Abscheiden einer oder
mehrerer farbiger Tin- 'Durchlauf des Druckkopfes nicht bedruckt wer-
ten auf den Pixeln der Superpixel in einer den, und so daB nur die
alternierenden Pixelor-    Mehrzahl von Kombinationen durch eine Abfol- te
in einer oberen Hdlfte des ersten Bandes        ge, die folgende Schritte
einschlieit: bei dem ersten Durchlauf bedruckt werden;  6   ,  einen ersten
Durchlauf eines Druckkopfes Ober einen zweiten Durchlauf des Druckkopfes
Uber       ein erstes Band des Druckmediums, bei dem das erste Band, bei
dem alternierende Pixelor-     die Pixelorte von alternierenden Superpixeln
te bedruckt werden, wie es erforderlich ist, um    bedruckt werden, wie es
erforderlich ist, um ein gewOnschtes Bild zu erzeugen, so daB die       ein
gewlnschtes Bild zu erzeugen, so daB die Pixelorte, die auf der oberen
Halfte des ersten   1o  Pixelorte der Superpixel, die horizontal und Bandes
gedruckt werden sollen, die be! dem         vertikal benachbart sind, nicht
be! dem ersten ersten Durchlauf des Druckkopfes nicht be-         Durchlauf
des Druckkopfes bedruckt werden, druckt wurden, bei dem zweiten Durchlauf
des       und so daB nur die Pixelorte der altemierenden Druckkopfes
bedruckt werden, und be! dem           Superpixel in einer oberen Hfifte
des ersten alternierende Pixelorte, die in einer unteren   *5  Bandes bei
dem  ersten Durchlauf bedruckt Halfte des Bandes bedruckt werden sollen,
werden; derart bedruckt warden, daB die Pixel, die hori-   einen zweiten
Durchlauf des Druckkopfes Ober zontal und vertikal benachbart sind, nicht
bei     das erste Band, bei dem die Pixelorte der dem zweiten Durchiauf des
Druckkopfes be-          alternierenden Superpixel bedruckt warden, druckt
werden;                            20       wie es erforderlich ist, um ein
gewUnschtes einen dritten Durchlauf des Druckkopfes Ober       Bild zu
erzeugen, so daB die Pixelorte der das erste Band, be! dem alternierende
Pixelor-     Superpixel, die auf der oberen Halfte des er- te bedruckt
werden, wie es erforderlich !st, urn   stan Bandes bedruckt warden sollen,
die nicht ein gewainschtes Bild zu erzeugen, so daB die      bei dem ersten
Durchlauf des Druckkopfes be- Pixelorte, die in dem ersten Band bedruckt
25     druckt wurden, bei dem zweiten Durchlauf des werden sollen und bei
dem ersten Durchlauf         Druckkopfes bedruckt werden, und bei dem des
Druckkopfas oder dem zweiten Durchlauf         die Pixelorte der
alternierenden Superpixel, die des Druckkopfes nicht bedruckt wurden, bei
in einer unteren HAlfte des Bandes bedruckt dem  dritten Durchlauf des
Druckkopfes be-         werden sollen, bedruckt warden, so daO die druckt
werden, und bei dem ein erster Durch-  30   Pixeborte der Superpixel, die
horizontal und lauf auf einem nachsten nachfolgenden Band         vertikal
benachbart sind, bei dem  zweiten gleichzeitig mit dem  dritten Durchlauf
des        Durchlauf des Druckkopfas nicht bedruckt wer- Druckkopfes Ober
das erste Band durchgeffhrt       den; wird; und
einen driften Durchlauf des Druckkopfes Ober eine Fortsetzung der
Durchilufe des Druck-  35     das erste Band, be! dem die Pixelorte der
kopfes Ober eine Mehrzahl von nachfolgenden        alternierenden
Superpixel bedruckt werden, Bandern, wobei die Anforderungen des ersten
wie es erforderlich ist, um ein gewfnschtes Durchlaufs, des zweiten
Durchlaufs und des         Bild zu erzeugen, so daB die Pixel-Standorte
dritten Durchlaufs wiederholt werden, bis die      der Superpixel, die in
dem ersten Band be- Gesamtheit des gewrnschten Bildes erzeugt  40
druckt werden sollen und nicht bei dem ersten ist.
Durchlauf des Druckkopfes oder dem zweiten Durchlauf des Druckkopfes
bedruckt wurden, 2. Das Verfahren gemB Anspruch 1, bei dem            bea
dem dritten Durchlauf des Druckkopfes be- der Druckkopf eine Mehrzahl von
Dtisen fUr         druckt werden, und bei dem ein erster Durch-
verschiedenfarbige Tinten aufweist: und   45      lauf auf einem nachsten
nachfolgenden Band das gedruckte Bild durch Anwenden des Ver-
gleichzeitig mit dern dritten Durchlauf des fahrens gemAi3 Anspruch 1 mit
jpder der Mehr-      Druckkopfes Ober das erste Band durchgeflihrt zahlen
von Dfsen fUr verschiedenfarbige Tin-       wird; und ten erzeugt wird.
eine Fortsetzung der Durchlaufe des Druck- 50      kopfes Oiber eine
Mehrzahl von nachfolgenden 3  Ein Verfahren zum Verwenden eines Tintan-
Bandem, wobei die Anforderungen des ersten strahidruckers, um  gedruckte
Bilder hoher         Durchlaufs, des zweiten Durchlaufs und des Qualitat
auf einer Mehrzahl von Pixelorten ei-     dritten Durchlaufs wiederholt
werden, bis die nes Druckmediums zu erzeugen, das folgende
Gesamtheit des gewfinschten Bildes produziert Schritte aufweist:
55      ist. Zuwelsen einer Mehrzahl von Gruppen be- nachbarter Pixelorte
auf dem Medium in eine    4. Das Verfahren gemAB einem beliebigen vor-
Mehrzahl von Suparpixein; und                      hergehenden Anspruch,
be! dem die Tinte auf .9    17                EP 0 420 399 B1
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den Pixeln der Superpixel durch thermisches        horizontalement et
verticalement adjacents ne Ausstofgen von Tropfchen aus den Dfsen ab-
sont pas imprimes lors de ladite premibre pas- geschieden wird.
so de la t8te d'impression, et de telle sorte que souls les emplacements
altemes de pixels 5. Das Verfahren gemaB Anspruch 4, bei dem die   5
situes dans la moitei sup~rieure de ladite pre- DUsen auf einer sich
transversal bewegenden        mibre bande sont imprimes lors de ladite pre-
Vorrichtung befestigt sind, die das Druckmedi-     mibre passe, um parallel
zu dessen Oberfi7che Oberquert.           une deuxieme passe de la tete
d'impres- sion a travers ladite premiere bande, au cours 6. Das Verfahren
gem AS einem beliebigen vor-  to     de laquelle des emplacements alternes
de hergehenden Anspruch, bei dem der Druck-           pixels sont imprim6s,
comme necessaire pour kopf Ober dem Druckmedium positioniert wird,
produire une image voulue, de telle sorte quo Indem der Druckkopf bezlglich
des Mediums          ceux des emplacements de pixels & imprimer bewegt
wird.                                       situ~s sur la moiti6 sup~rieure
de ladite pre- is      mibre bande qui n'ont pas dtd imprimes lors 7. Das
Verfahren gemaB einem beliebigen vor-          de ladite premibre passe de
ladite tete d'im- hergehenden Anspruch, be! dem der Druck-
pression sont imprimds lors de ladite deuxib- kopf Uber dem Druckmedium
positioniert wird,       me passe de ladite tote d'impression, et au indem
das Druckmedium beztglich des Druck-         cours de laquelle des
emplacements altern6s kopfes bewegt wird.                       20       de
pixels a imprimer situes dans- la moitie inf6rieure de ladite bande sont
imprimes de 8. Das Verfahren gemAB Anspruch 3, be! dem die        telle
sorte quo ceux des pixels qui sont hofi- farbigen Tinten gesamtheitlich die
gleiche         zontalement et verticalement adjacents ne sont Farbe
autwelsen, und das resultierende ge-         pas imprim~s lors de ladite
deuxibme passe druckto Bild durch Autweisen einer Mehrzahl  26    de ladite
tete d'impression, von Varlationen von Schattierungen der glel-
une troisibme passe de la tote d'impres- chen Farbe mehrfach schattiert
ist.                sion a travers ladite premibre bande au cours de
laquelle des emplacements alternes de 9. Das Verfahren gemaB Anspruch 3,
be! dem die        pixels sont imprim6s, comme necessaire pour farbigen
Tinten elne Mehrzahl von Farben auf-  so  produire une image voulue, de
telle sorte quo woisen und das resultierende gedruckte Bild       les
emplacements de pixels . imprimer situes durch Autweisen elner Mehrzahl von
Variatio-       dans ladite premiere bande non-imprim6s lors non von
Schattierungen der Vielzahl von Far-       de ladite premibre passe de
ladite tote d'im- ben ebenso wie ehner Mehrzahl von Variatio-
pression ni de ladite deuxieme passe de ladite nen von Farbtdnen, die durch
die verschiede-  35  tMte d'impression sont imprimds lors de ladite nen
Kombinationen der Vielzahl von Farben          troisieme passe de ladite
t~te d'impression, et erzeugt warden, mehrfarbig ist.                    au
cours de laquelle une premibre passe est realis6e sur une bande successive
suivante de 10. Das Verfahren gemAR einem beliebigen vor-
manibre simultbnee h ladite troisibme passe de hergehenden Anspruch, be!
dem der Druck-  40      ladite tote d'lmpression & travers ladite premlb-
kopf zwischen  jedem  der nachfolgenden            re bande, et Durchilufe
des Druckkopfes um eine halbe              la poursuite de passes de ladite
tote d'im- Bandlinge weiterbowegt wird.                       pression A
travers plusleurs bandes successi- ves, repetant les imperatifs de ladite
premiere Revendlicatlons                               45      passe, de
ladite deuxibme passe, et de ladite troisieme passe, jusqu'h ce quo la
totalit6 de 1. Procid6 pour utiliser une imprimante a jet         ladite
image voulue soit produite. d'encre pour produire des images imprimdes de
grande qualit6 sur plusieurs emplacements   2. Proc6dO selon la
revendication 1, dans loquel: de pixels d'un support d'impression, consti-
5o      ladite tote d'impression comporte plusieurs tuant une sequence
destinee a deposer une          buses pour encres colorees diffdrentes, et
encre sur les pixels du support, comportant:          ladite image imprimee
est produite par ap- une premiere passe d'une tMte dtimpres-
plication du procede de la revendication 1 a sion & travers une premibre
bande du support      l'aide de chacune desdites plusieurs buses
d'impression, au cours de laquelle des empla-  65  pour encres colorees
diff6rentes. cements altern~s de pixels sont imprimes, comme requis pour
produire une image vou-      3. Proc6d6 d'utilisation d'une imprimante a
jet lue, de telle sorte quo ceux des pixels qui sont   d'encre pour
produire des images imprimaes 10    19                EP 0 420 399 B1
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de grande qualitd sur plusleurs emplacements       suivante de manikre
simultande a ladite troisib- *de pixels d'un support d'impression compor-
me passe de ladite tete d'impression h travers tant:
ladite premiere bande, at l'allocation de plusieurs groupos d'empla-
la poursuite des passes de ladite tete cements contigus de pixels sur le
support en   5   d'impression A travers plusleurs bandes suc- plusleurs
super pixels, et                         cessives, repetant les imp6ratifs
de ladite pre- le ddp6t d'une ou plusieurs encres colo-        mibre passe,
de ladite deuxisme passe, et de rees sur les pixels desdits super pixels
selon     ladite troisibme passe, jusqu'a ce que la totali- plusieurs
combinaisons par une sdquence            te de ladite image voulue soit
produite. comportant:                                10 une premibre passe
d'une t8te d'impres-     4. Proc~dd selon l'une quelconque des revendl-
sion a travers une premibre bande du support       cations prec6dentes,
dans lequel l'encre est d'impression, au cours de laquelle les empla-
d6posee sur les pixels desdits super pixels par cements de pixels de super
pixels altern~s         6jection thermique de gouttelettes a partir des
sont imprimes, comme requis pour produire  is      buses. une image voulue,
de telle sorte qua les em- placements de pixels des super pixels qui sont
S. ProcMd6 selon la revendication 4, dans lequel horizontalement et
verticalement adjacents no      les buses sont mont6es sur un mecanisme
sont pas imprim6s lors de ladite premisre pas-     traversant qui traverse
le support d'impression se de la tlte d'impression, et de telle sorte  20
parallblement & sa surface. que seuls les emplacements de pixels de su- per
pixels altemrns situds dans la moitil sup6-  6. Proc~dd  selon l'une
quelconque des revendi- rieure de ladite premibre bande sont imprim6s
cations pr6c6dentes, dans loquel ladite tete lors de ladite premibre passe,
d'impression est positlonnre au-dessus dudit une deuxibme passe de la tate
d'impres-  25     support d'impression en d~placant ladite tate sion &
travers ladite premibre bande, au cours     d'impression par rapport audit
support. de laquelle les emplacements de pixels de super pixels alterms
sont imprimds, comme       7. Proc~dd selon l'une quelconque des revendi-
requis pour produire une image voulue, de          cations prdc6dentes.
dans lequel ladite tate telle sorte que les emplacements de pixels de   30
d'impression est positionn~o au-dessus dudit ceux des super pixels a
imprimer situds sur la      support d'impression en deplagant ledit sup-
moitid supdrieure de ladite premibre bande qui     port d'impression par
rapport a ladite tate n'ont pas 6t% imprimds lors de ladite premibre
d'impression. passe de ladite tate d'impression sont impri- m6s lors de
ladite deuxieme passe de ladite  35  8. Proc~d6 selon la revendication 3,
dans lequel tate d'impression, et au cours de laquelle las     lesdites
encres colorees sont toutes de la emplacements de pixels des super pixels
alter-     mame couleur, et que I'image Imprimee resul- nMs destinds a 8tre
imprim6s situ6s dans la        tante comporte plusieurs nuances en incluant
moitie inffrieure de ladite bande sont imprimes    plusieurs variations du
nuangage de ladite de telle sorte qua les emplacements de pixels  4o   mgme
couleur. de ceux des super pixels qui sont horizontale- ment et
verticalement adjacents ne sont pas     9. Proc6d4 selon la revendication
3, dans loquel imprimds lors de ladite deuxibme passe de          lesdites
encres colordes sont de diverses cou- ladite tate d'impression,
leurs, et l'image imprimde resultante comporte une troisibme passe de la
tate d'impres-  45    plusleurs couleurs en incluant plusieurs varia- sion
A travers ladite premiere bande, au cours     tions du nuangaga desdites
diverses couleurs, de laquelle les emplacements de pixels de          ainsi
que plusieurs variations des teintes pro- super pixels altem6s sont
impmrids, comme          duites par diverses combinaisons desdites di-
requis pour produire une image voulue, de          verses couleurs. telle
sorte que les emplacements de pixels de   so coux des super pixels destinds
& 8tre impri-    10. Procdd4 selon l'une quelconque des revendi- mes situ6s
dans ladite premibre bande non-         cations pr~c6dentes, dans lequel
ladite t8te imprim6s lors de ladite premibre passe de          d'impression
est avanc~e sur une moiti6 de la ladite tate d'impression ni de ladite
deuxibme     longueur de bande entre chacune des passes passe de ladite
tate d'impression sont impri-  55  successives de ladite tate d'impression.
m6s lors de ladite troisieme passe de ladite tate d'impression, et dans
lequel une prnmibre passe est accomplie sur une bande successive    


