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2 ~ S ATE OF RECEIPT oozt
3 This is a continuation—in—part of U. S. utility-
4 patent application serial 07/926,264, filed August 5,
5 1992, in.the name of_William J. Allen. That document in
6 its entirety is incorporated by reference into this one.
7 Rélated'ccpending applications commonly owned by the
8 assignee of the present document and also incorporated by
9 reference in their entirety into this application are
10 U. S. utility-patent applications serial 07/878,579 and
11 07/878,931, both filed on May 4, 1992, and issued
12 | , 199__ and .
13 199__, respectively as U. S. Patents 5, and
14 5, s A. closely related document is another U. 5.
15 utility-patent application filed in the United States
16 Patent and Trademark Office substantially contemporaneous-
17 1y with this document, in the name of Lance Cleveland, and
18 jdentified as Hewlett Packard Company docket number PD—%
is  1093154-1, attorney docket xHPC-19, and entitled "MAXIMUM~
20 DIAGONAL PRINT MASK AND MULTIPASS PRINTING MODES, FOR HIGH
21 QUALITY AND HIGH THROUGHPUT WITH LIQUID-BASE INKS" -- and
22 subsequently assigned utility-patent application serial
23 08[ s, and jssued as U. S. Patent 5,_ ’ .on
24 . , 199__ -- and also hereby incorporated
25 by reference in its entirety into this document.
26
27 _
28 BACKGROUND
29 _
30 1. FIELD OF THE INVENTION
31
32 This inventidn relates generally to printing color
33 images by construction from individual ink drops deposited
34 in pixel arrays; and more particularly to creation of such
35 images by inkjet operation on a brinting medium whose hue
36 ‘or saQuration response, or both, depart from the responses
37 of ordinary paper. Certain aspects of our invention are
38

particularly pertinent to binary printing operation, and
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even more particularly relevant in the context of three-

binary-bit color reproduction.

2. PRIOR ART

rinting with primeries and secondaries -- In this
well-known technology, coler printing is controlled by
programmed digital micropfocessors. In each apparatus one
or more processors operate pens loaded with ink of three
so-called "primary" colors -- most commonly cyan, magenta
and yellow. -

Printing any of these three colors is accomplished
simply by depositing ink of the desired color. So-called
"secondary"”" colors -- ordinarily green, blue and red --
are printed by combinations of the primaries.

More specifically, printing of any one of the second-
aries (green, for example) is done by overprinting two
primaries (traditionally equal quantities of cyan and
yellow, for the same example). The secondary is created
by the subtractive process of spectral absorption.

Commonly, still another pen is loaded with black ink
to provide black and gray effects. This aspect of the
printing process may not be of direct interest in regard
to the present invention and so will receive little men-

tion in the remainder of this document.

Binary operation, and number of bits in the system ~--
By "binary" we refer to the well-known concept of either
having or nét having a fixed unitary quantity of some-
thing. 1In this context it means éither printing or not
printing in each pixel location a particular priméry or
secondary color -- in an essentially unvarying amount.

This concept is sometimes summarized with the phrase

"go/no-go". In other words, either the system enters a
"go" mode of operation -- with respect to a particular
primary or secondary color -- in which it may be said to

"go. ahead and print” some specific, fixed quantity of that

Askeland et al. / dpril 29, 1893 3 2, Gippaan / PD-1093053-1 xAPC-14



e ——

as Been Replaced

Tl -

W -2 B N R WD

W W W W W W W W N N DN DD N NN NN e e e R R e e e
O bW N O W0 R W O W00 A WN O

particular color; or it enters a "no-go" mode in which it
does not print that color at all.

Not all pixel-array printing systems operate in this
way. To the contrary, some'systems use a multiple-level
approach, in which many different quantities of ink (of
one or several colors) can be deposited at each pixel.

The point of those other systems is to establish a
ﬁﬁltiple-level saturation scale, or -- viewed in a mono-
chrome sense with respect to each color independently --
a'multiple-gréyflevel scale, which can be implemented for
each color at each pixel. A multilevel system hust be
impleménted by multilevel data processing in the micropro-
cessor that controls the péns.

In an ordinary programmed digital microprocessor,
such multiple-level data are necessarily represented in
multiple-bit form. Although each bit used to express the
quantity of ink of course remains binary {go or no-go),
the overall quantity itself is now truly susceptible to
quantification -~ that is, expression in gradations on a
scale.

In a multilevel system the multiple-bit inforhation
processing and the multiple-ink-drop physical control
required are both very demanding. Furthermore these
provisions are required in_each channel -- in other words,
required.at least for each of the primaries that are
employed by the system, and in some operatiocnal philoso-
phies each of the secondaries too.

‘A system using, for example, five-bit levels to
distinguish 25 = 32 saturation gradations in each of three
different channels (primary-color inks) is overall at
least a seven-bit system. At least two bits must be used
to identify which ink is to be controlled by the five
"level" bits.

For simplicity of operation it may be preferred
instead to use three bits for identification -~ thus
alloving the system to work in the six primaries and

secondaries (plus black and white) rather than three (or

Askeland et al. / dpril 29, 1832 4 P. Lippasa / PD-1093083-1 xfPC-14
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38

four) inks. Thus an optimum five-bit-level (thirty-two-
gradation) system may be an eight-bit system overall.

Such systems are capable, at least in principle, of
greater hue and saturation fidelity, particularly for very.
fine features of images. They require, however, either
longer operating times or microprocessors and system-bus
architectures capable of handling a greater number of bits
in parallel ~- or both.

Of course such- systems are available, and new ones
ére readily designed for the purpose; and they are less
costly nowadays than previously. They remain, however,
expensive. '

Even these data-processing provisions are not the end
of the matter, for fine physical contrél of inking is
needed to implement such a system reliably. Such physical
provisions, especially under varying environmental condi-
tions, remain very touchy or temperamental. '

Accordingly for such performance a price must be
paid. Ordinapily it is paid in terms of printing speed,
drying time, apparatus complexity and cost, price to the
end-user, sometimes uniformity of results, etc.

One known system that employs a thirty-two-increment
scgle -~ that is to say, up to thirty-two small drops per
pixel -~ is known as the Hertz technology. In that system
a piezoelectrical crystal vibrates a droplet of ink, while
the system either does or does not electrically charge the
droplet. _

Applying a charge enables the droplet to escape from
the vibratop with moméntum imparted by the vibration.

Thus this particular system, in addition to being a multi-
level, multibit system does not operate by thermal-inkjet
technology; moreover, the drops are used to express com-
plei colors, rather than primaries or secondaries. '

Qur invention is addressed to refinements that very
closely approximate such high~color-fidelity performance
-- but in a device that is vastly simpler and more func-
tionally efficient, and therefore economical. Thus our

invention aims to solve a problem that in the past has ob-
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structed achievement of high~quality but inexpensive color

reproduction. -

Another technology which superficially may seem to be
related to ours in that it deals with depositing multiple
ink "dots" or drops -- notably drops of different density
-~ within a given "picture element” is United States Pat-
ent 4,672,432, of Sakurada. Each drop is either full-
densitylbf one-quarter of full-density.

In Sakurada moreover, each "picture element” is not a
pixel but rather a three-by-three matrix of pixels; and
the multiple dots are never errprinted but rather only
adjacently printed in adjacent pixels of each "picture
element”. This is shown in the Sakurada patent particu-
larly by the unavailability of patterns for tone levels
31, 34 and 35: 1if overprinting were permitted in that
system, patterns would be available for those.level.

' Hence Sakurada's total inking in each nine-pixel
(three-by~-three) matrix is always at most equal to -~ and
usually much less than -- nine times the amount of ink in
one full-density ink drop. Thus on average the inking is
some fraction £ £ 1 of a single full-density dot.

Sakurada’s system provides thirty-three different
tone levels for each color unit, and is thus distinctly a
multilevel system. He also, however, permits mixing inks
within each three-by-three matrix for the purpose of
creating complex colors within each matrix -- and so is at
the same time a multihue system; such a system is a form
of, or a substitute for, the so-called "rendition" process

discussed in the following subsection.

United States Patent 5,012,257 of Lowe et al. de-
scribes a system for inkjet printing on paper, in which
two-by-two groups called "superpixéls" are used for prees-
tablishiﬁg certain color combinations, or'complex colors,
that can be called for as a unit. Unlike Sakurada, Lowe
uses ink drops of all the same density and size; due to

this fact, as well as the fact that each of Lowe's pixel
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groupings has only 4/9 as many pixels as Sakurada's,
Lowe's system provides many times fewer levels of overall
inking density, but it is nevertheless a multiple-level
system.

In Lowe, at most two pixels in each two-by-two super-
pixel are printed ~- which is to say that at least two are

blank, or white (for white paper). Also Lowe uses no more

. than two drops per pixel, or three drops per two-by-two

superpixel. Therefore in Lowe the number of drops per .
pixel on average is always less than one, and in fact is

at most three-quarters.

The Sakurada and Lowe inventions thus provide what
might be characterized as a hue-on-demand system. Such a
system may for instance work out the hue desired at a
given pixel, and then select the closest available hue -~
provided by the multiple-hue selections of the thrée-by-
three or two-by-two pixel grouping.

The hue selection is thus performed on a pixel-group
basis, or in other words for an entire pixel group as the
basic unit of color, rather than for each pixel individu-
ally. As alread& noted above in relation to Sakurada,

this is a substitute for -- or form of -- rendition.

Still another technology of interest, but of even
more-superficial sihilarity, is disclosed in United States
Patent 4,528,576 of Koumura. That document contains
diagrams showing three colors seemingly stacked or over-
printed. Careful reading, however, suggests that those
diagrams are merely figurative representations of the
sequence in which colors -- any ﬁwo colors -- are put down
and layered, if and when they are put down; it is not
believed that Koumura intends to convey that all three

colors ever would actually be put down on a single pixel.

Mapping primary and secondary colors to inks -- The
present document focuses upon an operational stage that is

between (1) the selection of a primary or secondary color,
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and (2) the physical printing process. In other words
this invention addresses the stage of determining which
ink to discharge {or to put it another way which pen
should fire) -- and how much of that ink to discharge, and
where to discharge it -~ to implement a specific primary
or secondary color at a specific location.

More succinctly, we are mapping primary or secondary

colors to primary inks, on a small-scale (single pixel or

‘nearly so) basis.

To assist in recognizing differences between certain
aspects of our invention and the prior art, however, we

will briefly digress to describe a function known as

rendition.
Direct representation vs. rendition--- In printers of

the type under consideration in this document, micropro-
cessor programs implement the ink applications needed to
produce a desired color effect at each part of an image.
The decision to print a particular primary or secondary
color at a particular pixel is made in one of two ways:

(a)7 sometimes the decision follows directly from the
desired or so-called "input" color of a desired
image at that pixei location -- in other words,
sometimes a user qalls directly for a primary or

secondary coleor there; and

{b) sometimes the selection of a particular primary
or secondary is the result of a complicated
resolution of a complex color at each pixel
location into component primary and secondary
fractions -- and then in effect implementing
those fractional representations by areal dis-
tribution, in a progressive assignment procedure
called "rendition” and sometimes employing a

propagating process called "error diffusion"

Askeiand et al. / dpril 28, 1993 8 _ | B. Lippasn / PD-1083033-1 gHPC-i{
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The secoﬁd type of decision—making is used to pro-’
duce, for example, a recognized coloer blend such as
chartreuse, or an undefined color needed to match the
appearance of a scanned photograph. Details of Qarious
approaches to rendition and error diffusion which lead to
such gelection of a primary or secondary for printing --
as well as the physical printing process itself -- appear
in the related patent documents that are identified abové
and incorporated into this document by reference.

The term "rendition" is now used in the color indus-
try to mean a microprocessor—controlled process that
operates in a semiintegrated way upon relatively broad
areas of a pixel array (in contrast toc the small-scale
mapping that is of interest in our invention), to estab-
lish which primary or secondary colors will be used at
each pixel location to create a desired or "input" image.
This rendition process in effect represents a transform
that is performed upon an entire desired image to create
its representation or equivalent as an entire pixel array.

Most typically the rendition process actually execut-
ed by a programmed microprocessor may become particularly
elaborate when the desired hues of the input image are
relatively subtle washes. Such hues are just slightly
removed from primaries and secondaries -- rather than
midway between a primary and a secondary, or actually
equal to a primary or secondary. |

In such instances the rendition program labors con-
tinuously to inject just the right amounts of the avail-
able primary and secondary colors needed to represent
the tinges of minor components that create such subtle
effects -- and to make these minor-element injections in
a reasonably well-distributed and consistent way, to avoid
creating a perception of either mottled or erratic color
artifacts.

| Various élgOrithms are used to accomplish this. One
group of such protocols creates a sort of continuous-
dilution phenomenon in the pixel array. What is continu-

ously diluted is color itself.

Askeiand et al. / April 28, 1993 9 P. Lippaan / PD-1093655-i xdPC-14
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primary- or secdndgry-color approximation to a desired

In these processes the program finds the best single

color at each given pixel -- and then determines what the
resulting error is there. Then in subsequent {(usually
nearby) pixels the program attempts to compensate for that
error while at the same time expressing the colors that -

are desired in those (subsequent) pixels. It is in keep-

ing with the continuous-color-dilution character of these
algorithms that they are known by the apt term "error
diffusion". o

In the prior art, such large-scale multipixel inte-
gration of color representation has been employed only for
representing complex colors, or for automatically matching
arbitrarily selected colors in input images -- even though
in operation these sometimes may turn out to be primaries
or secondaries ~- and for dealing with errors already
accumulated along the way in the representation process.

Alternative to this large-scale multipixel renditign
process are smaller-scale plural- or multiple-pixel arfays
such as used by Sakurada or Lowe to provide hues effi-
ciently -- in terms of computational time -- but perhaps
not as accurately for complex colors as the rendition
process.

Lowe'’s superpixels permit selection of hues that are
primary colors, such as cyan, magenta and yellow, and also
other hues that are individual secondaries such as blue,
green and red -- but these six hues are only half of a
total of twelve of which the system is capable, and in
addition three double-intenéity forms of the primaries are
also provided. Thus the Lowe system is not in essence a
postrendition process for binary expression of preestab-

lished individual primaries and secondaries exclusively.

Media effects -- In color printing with thermal-
inkjet pens, inkdrop volume and colorant concentration for
each of the three primary inks are usually designed to
giye the correct spot size and color saturation on the

most cémmonly used printing medium -~ namely, paper. When

askeland et al. / April 29, 1993 10 P. Lippaan / PD-1093033-1 zHPC-14
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these same pens are used to print on other media such as
transparency film or glossy media, however, the spot size
and color saturation may not be optimum.

For example, another printer commercially available
from the Hewlett Packard Company under the model designa-
tion PaintJet®, when used to print on _paper, ejects one
drop per pixel for primarylcolors (cyan, magenta and
yellow) and two for secondaries (green, blue and red). In
other words, the ratio of quantity of secondary to quanti-
ty of primary is substantially 2:1. We say "substantial-
ly" because as will be understood ink drops from different
pens are not necessarily identical in volume, and as a
practicai matter need not be; in any event, to put the
same statement in a less general way, the number of drops
of secondary ink to number of drops of primary ink stands
in the ratio 2:1. '

These treatments produce good hue and chroma, as well
as satisfactory appearance on a lightness-darkness scale,
on paper. When used on transﬁarency film, however, these
same treatments produce primary colors that appear under-
saturated, or in familiar terms "washed out”.

To improve color saturation of colors printed on
transparency film, the PaintJet® system 6perates in a

special transparency-printing mode which applies two drops

- per pixel for both primary and secondary colors -- in

‘other words, here the ratio is 2:2. Related techniques

for satisfactorily implementing such a strategy are dis-
cussed in United States Patent 4,943,813 to Palmer and
Morris.

The teachings of that patent are representative of
modern ﬁethods for inkjet printing on transparency film.
Those teachings resolve the problem of multiple dot over-
printing -- and closely adjacent printing -- by providing
a time delay between successive passes to reduce dripping
and improve inking uniformity. '

Application of two drops per pixel for all primaries
and secondaries, a 2:2 ratio, for transparency film is far

superior to the 2:1 relationship that is optimum when used

Askeland et al. / dpril 2§, 1393 11 P. Lippaan / PG-1083053-1 xHPC-14
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on paper. Nevertheless it does leave some room for re-

finement: we have noticed that to most viewers both red
and green appear slightly undersaturated if printed in
this way on transparency film.

This is'especially significant in regard to modern
printer products because -- among other well-known consid-
erations -~ red is if any;hing the most important single
commercial color, and at the same time one for which

casual observers tend to have a particularly critical efe.

Another, more serious, problem arises in color print-
ing on other glossy media. In particular some popular
printing materials have a glossy coating, somewhat like
transparency stock, but also an opaque backing.

Such a printing medium is commercially important
because of the added visual snappiness or flashiness which
it can lend to a finished product. Exemplary proddcts
include commercial announcements, posters, and covers for
comb-bound books. In this case the 2:2 ratio has been
found satisfactory for green and blue, but red appears
badly undersaturated.

' AsS can now'be.seen, important aspects of the technol-
ogy which is used in the field of the invention are amena-
ble to useful refinement, which the prior art has failed
to provide.

SUMMARY OF THE DISCLOSURE

The present invention introduces such refinement.
The invention of the parent application is a prerendition
system that permits limiting the total volume of ink '
specified in image data for each pixel, and thereby for an
entire page, through linear reduction or scaling of source
imaée data.

That linear reduction or scaling is with respect to a

preset {(default) or user~set maximum. Preferably the

Askeland et al. / dpril 28, 1993, 12 P. Lippase / PD-1083G5-1 xBPC-14
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scaling is also with respect to a sihilarly preset or
user-set threshold -- which is to say, each input wvalue is
scaled linearly between the threshold and maximum values,
to prevent liquid-inking overload.

The parent-application system does, however, éall for
nonintegral ink-density values, which under some circum-
stances are greater than one. In this regard it particu-
larly relates to the subject matter of this document.

The present invention is a postrendition system; it
has three main facets or aspects. To an extent which will
shortly be clear, theée three principal facets of the
invention can be employed independently, to obtaip their
respective benefits; they are also, however, amenable to -
employment together in concert to optimize printed results
by their beneficial interactions.

In preferred'embodiments of a first one of these
aspects or facets, the present invention is a method of

printing chromatic color images by binary construction

from individual ink drops deposited in pixel arrays. The
method includes the step of establishing at least one
certain primary or secondary chromatic color that is
binary-printed as a predetermined, fixed number of drops
of ink which exceeds two drops per pixel.

By "binary" once again we refer to the "go/no-go"
concept mentioned in an earlier section of this document.
Thus this step establishes that a particular color is
substantially always -- when using a particular printing
medium -- printed using a number of drops of ink that is

(a) more -than two, and (b) the same number.

The method also includes the step of receiving infor-
mation about a given desired image to be printed on a
given printing medium. In addition the method includes
the step of determining for each particular pixel, in the
given desired image on the given printing medium, a spe-
cific desired primary or secondary chromatic color.

In preferred embodiments of this first facet or

aspect of our invention, the method also includes the step

Askeland et al, / April 29, 1993 13 P, Lippman / P3-i083053-1 «BPC-14
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of applying to that particular pixel} or one or more
closely associated pixels, said predetermined, fixed
number of drops which exceeds two drops of ink per pixel.
(We will shortly explain -- when we come to the second
major aspect of the invention ~-- what we mean by "associ-
ated" pixels.) This step is performed only if the specif-
;c desired primary or secondary is one which it has been
established is printéd as a number of drops of ink exceed-
ing two drops of ink per pixel.

The forégoing méy be a description or definition of
the first aspect of the present invention in its broadest
or most general terms. Even in such general or broad
forms, however, as can now be seen this facet of the
invention resolves the previously outlined problems of the
prior art.

In particular by laying down more colorant in a
portion of an image than heretofore, spot size and satura-
tion are increased. This in turn has the additional
benefit of expanding the available color gamut to permit
mdre accurate hue representations in complex colors.

It might be supposed that people skilled in the field
of color printing by ink-drop-in-pixel representations
would turn very naturally and promptiy to a three-drop
treatment for certain colors -- as a sort of extension of
the two-drop treatment known for transparencies. Actually
the contrary is the case, for several reasons, as our own
efforts illustrate.

'When we'firsf came upon the idea of using more than
two drops in a pixel, we immediately were concerned about
the ink-volume problems elaborated in the Palmer and
Morris '813 patent mentioned earlier. Although interpass
delays as described in that patent importantly moderate
the adverse effects of relatively heavy inking, the "natu-

ral” step of advancing from two to three drops of ink

represents a fifty-percent increase in the amount of ink

laid down.
Thus a first consideration that dissuaded us from

using more than two drops was that adding enough delay for

Askeland et al. / April ¢, 1991 14 P. Lippaen / PD-1083053-1 xAPC-14
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satisfactory drying of this very large additional ink vol-
ume could reguire unacceptably large cumulative interpass
delay. In other words-the total printing time would be
too long.

A second and major factor was that, within acceptable
interpass-delay settings, we found excessive color-to-
color bleed, excessive offset (color transfer to adjacent
sheets of the medium when stacked), or generally excessive
drying time for the finished product -- or combinations of
2ll these problems. A particularly onerous difficulty was
encountered in what is sometimes called "blocking”": a '
quantity of undried ink that is so large as to cause
adjacent sheets to stick together.

A third problem that initially turned us away from
over-two-drop-per-pixel inking was that the amount of ink
applied necessarily equals the amount of ink consumed. 1In
consequence, ink cartridges run out of'ihk and must be re-
pPlaced more frequently, a source of user annoyance in
itself. Moreover the overall cost of printer operation
rises with the number of ink cartridges installed and
emptied per unit of operating time.

For these reasons we were very reluctant to resort to
additional ink-drop quantities; and ihstead turned to
exploration of other possible strategies in increased dye
loading of some inks. Only after extensive fruitless
effort were these alternatives abandoned because of the
difficulty of finding any single set of ink compositions
that could be'made usable with regular paper and transpar-
encies and other glossy media. _ _

At that ﬁoint yet a fourth consideration came into
play, deterring us from deciding to raise the number of
ink drops per pixel above two. Our initial efforts to
print red using three drops per pixel on a glossy medium
produced unacceptable hue. .

Two yellow drops and one magenta drop yielded a very
light orange-red. On the other hand, two magenta and one
vellow produced a somewhat dark red -- which could be de-

scribed simply as "too magenta”.
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At that juncture, however, with some pleasant sur-
prise we hit upon ways of applying more than two drops of
ink which overcame these difficulties and provided an
excellent solution to the hue/gamut problem with complete-
ly satisfactory interpass delay, drying time, blocking and
bleed. Those techniques include the other two facets or
aspects of our invention, which also are preferred modes
of practice of this first aspect now under discussion.

In particular we consider it very strongly preferable
to apply increased numbers of ink drops not for all col-
ors, or even all secondaries as in the prior art -- but
rather only to particular, specific secondaries which
require such treatment for acceptable hue or saturation,

or both, on specific media. This preferred embodiment

alone represents a major, very significant moderation in

the total amount of ink laid down and thereby in all the
problems of overinking discussed above.

Thus for instance in one preferred embodiment of this
first aspect of the invention we apﬁly three drops of ink
to produce red on transparency stock. Those preferably
are one drop.of vyellow and two of magenta -- which as
previously noted produce unacceptable hue on other gloséy
media, but which we have found very satisfactory on trans-
parency film.

We do not prefer to use this same gquantity of ink for
the other secondaries on transparencies. In particular,
we have introduced means of stepping up the amount of ink
not by an integral number of drops per pixel but by only a

fractional increment. This further mitigates the hue-

‘accuracy problems -- for green, for example, by splitting

the difference between "too bluish-green" . and "too yellow-
ish-greep", inasmuch as a fractional number can be select-
ed to virtually pinpoint the desired hue.

For instance in transparencies we are able -- and we
prefer -~ to print green by, in effect, 2.5 drops of ink:
1.5 of cyan and one of yellow. Similarly in transparen-
cies we are able and we prefer to print blue by 1.5 drops

of cyan and one of magenta.
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Thi is Sheet Has Been Re laced

W <A D AN b W D

W W W W W WW W W N DNDDNNNDND NN NN H e e e e
=1 B D A WD WG WNH O WO 300 s LN~ O

AL

]

On other glossy media'we prefer and we are able to

print red effectively by 2.5 drops, namely 1.5 of magenta
and one of yellow. In this case, green and blue are
preferably printed in a more-conventional fashion using
one drop of yellow or magenta, respectively, plus one of
cyan.

We prefer to employ this first aspect of our method
in a three-bit-binary color-reproduction system; more
specifically, we use the binary construction for each of
three independent chromatic inks. -As mentioned earlier,
multidrop primaries have been used as part of multibit,
multilevel inking systems, but heretofore neither for
binary systems nor for three-bit systems.

In this context we also prefer that the determining
step include resolving chromatic information about the
given desired image at said particular pixel into the
three-bit-color system, incorporating influence from other
pixels nearby -- and selecting exactly one single primary
or secondary color for printing at said particular pixel.
We thus prefer that the applyiﬁg step be exclusive of
printing any other primary or secondary color at that
particular pixel.

In preferred embediments of a second one of these
aspects or facets, the ?resent invention again is a method
of printing chromatic color images on different printing -
media by constructfen from individual ink drops deposited
in pixel arrays. The method is particularly for use in
printing on different printing media that have the proper-
ty of producing respective different chromatic color

appearances in response to application of ink -- even when

_ink of the same colors is applied in the same quantities.

The method of this second facet of the invention
includes the step of establishing at least one certain
primary or secondary chromatic color, but no other hue,
that receives a postrendition treatment which we shall
call "superpixel"” treatment for at least one printing

medium. The meaning of the term "superpixel" is analogous

Askeland et al. / April 29, 1993 17 ' P. Lippaan / PD-1093053-1 18PC-14
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to its usage in the Lowe patent, but will be further

elaborated momentarily.

Relative to the Sakurada patent and the Lowe patent,
the etep described above is a departure in that it relates
to preparation for a postrendition treatment -- rather
than a form of rendition, or a rendition substitute -- but
also in that this step relates to primary and secondary
colors exclusively. Thus this step does not relate to
using superpixel treatment to directly produce any other
hue, such as for example a complex color such as brown;
and is not part of a hue-on-demand type of system.

The method also includes the steps of receiving
information about a given desired image to be printed on a
given printing mediﬁm; and through a rendition process '
determining for each particular pixel, in the given de-
sired image on the given printing medium, a specific
desired primary or secondary .chromatic color.

If the specific desired primary is one which it has
been established receives postrendition superpixel treat-
ment on the given medium, then the method also includes
these substeps:

defining a superpixel that consists of a plural-
ity of pixels associated with said particular pixel,

and

applying to each of the pixels in that superpix-
el, on the given printing medium, a respective number
of drops of ink predetermined for the desired primary
or secondary in conjunction with the given printing

medium.

This last "applying"” substep is the part of the process
most plainly performed after rendition -- the actual
binary application of ink in individual pixels.

The foregoing may be a'deécription or definition of

the ‘second facet of our invention in its broadest or most

- general terms. As with the first aspect of the invention,
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however, even in such general or broad forms -~ as can now
be seen ~- this facet of the invention constitutes an im-
portant advance in removing the obstacles that heretofore
restricted performance of prior-art economical printers.

In parficular the postrendition superpixel treatment
opens the way to providing much greater precision in both
hue and saturation of printed chromatic secondaries, and
éherefore in available gamut for reproduction of complex
chromatic colors. It does this by introducing a greater
number of deg}ees of freedom for accommodation of diverse
printing-medium response to inking, relative to prior-art
postrendition binary treatment.

The representation of colors -- even a single second-
ary color -- on a variety of printing media is fundamen-
tally a multidimensional problem. The prior art sought to
resolve this problem with a severely restricted parameter
set, or in other words an overly limited number of degrees
of freedom. To say the same thing in still another way,

perhaps more nearly in layman’s language, the prior art

provided relatively little flexibility in refining or

adjusting hue and saturation of primary and secondary
chromatic colors, in postrendition processing.

No longer is it necessary to struggle against the
limitétions imposed by that previous restriction. With
this second facet or aspect of the present invention,
additional degrees of freedom can be brought to béar in

-more finely tuning the relative proportions of primaries

used to represent each chromatic secondary. _

If desired it would be possible, in principle, to
exploit this additional freedom (or "flexibility") in
other ways. For instance, additional chromatic primaries,
or combinations of primaries, could be introduced into the
overall ink-~usage strategies -—- each in its own suitably
defined proportions -- in order to refine certain chromat-
ic secondaries (or primaries) for either esthetic or
economlc objectives. '

Plural— or multiple- plxel arrays have not heretofore

been used for postrendition binary representation of

Askeland et al. / dpril 2§, 1983 19 P. Lippaan / .09J0"-. xHPC-Il
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individual chromatic primaries or secondaries to print

chromatic images. As mentioned in an earlier section of
this document, large-scaie multipixel integration of
chromatic color representation has been employed in the
prior art only for printing complex colors, and for deal-
ing with errors already accumulated along the way in the
process of such printing; and small-scale plural- or
multiple-pixel'integration has been employed in the prior

art for multilevel and/or hue-on-demand systems.

Although this facet of the invention thus provides
very significant advances relative to the prior art,
nevertheless for greatest enjoyment of the benefits of the
invention it is preferably practiced in conjunction with
certain other features or characteristics which enhance
its benefits.

For example, it is preferred that the method further
include, for each medium to be used, the step of determin-
ing whether the specific desired chromatic primary or
secondary is one which it has been established receives
postrendition superpixel treatment}

It is also preferred that the superpixel consist of
the particular pixel -- that is to say, the target pixel
~- and at least one other nearby pixel. It is further
preferable that the superpixel consist of said particular
pixel and at least one other adjacent pixel.

More particularly we prefer that the superpixel
consist of the particular target pixel and three other
adjacent pixels. Many kinds of pixel arrays can be used
-- for instance, a linear array, or a two-by-three rectan-
gular array of six pixels, or a grouping of five pixels,

etc. For present purposes, however, we find it satisfac-

' tory to use a superpixel that is a two-by-two cluster of

pixels. '

Further for this case we prefer that the number of
ink drops applied in pixels at opposite corners of the
cluster be the same, for both opposite-corner pairs; and

that all four pixels in each superpixel are inked. More

et al. / April 29, 1393 20 _ P, Lippaan / Pb-1083333-1 xHPC-i4
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particularly still, it is preferable that the specific
desired primary por secondari color be a secondary color;
and that:

- each of two opposite corners of the c%uster receive
one drop of ink of a first primary coclor and gne drop

of ink of a second primary color, and

- each of two other opposite corners of the cluster re-
ceive one drop of ink of the first primary color and

two drops of ink of the same second primary color.

(By the terminology "first" and "second" primary
colors we do not mean to suggest that one or the other
primary ink is received first, or second. To the con-
trary, in principle the two inks can be received on the
printing medium in either sequence; and we intend the
nomenclature "first primary” and "second primary"” in'this
docﬁment ~~- and particularly as found in certain of the
appended claims -- to be so interpreted. As is known to
people skilled in this field, however, hue and therefore
the desired ink constituencies and relative proportions
will vary with sequence; therefore it is normally impor-
tant to make the sequence consistent or to vary propor-
tions with sequence to obtain the correct hue.)

By virtue of this arrangement, for the superpixel
considered as a unit the average quantity of the second
primary color applied is 1.5 drops. The average quantity
of all colors applied is 2.5 drops.

We prefer to implement our invention in the environ-
ment of a new printer product of the Hewlett Packard

Company -- a very-high-throughput device capable of six

'very fast printing passes. In this context, we use yvellow

as the first primary color.

Then if the given printing medium is a glossy medium,
the color that receives superpixel treatment is red, and
the second primary color is magenta. If, however, the

given printing medium is transparency film, then we prefer

Askeland et al. / Abril 29, 1393 21 P. Lippsan / PD-1093053-1 x#PC-14
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that two colors receive superpixel treatment: green, in
which instance the second primary color is cyan; and blue,
in which case the first primary is magenta and the second
cyan. _

It is not necessary to express -- or indeed to apply
-~ our invention in terms of drops of ink as such; or in
terms of geometricaliy simple or symmetrical patterns or
their resulting very elementary fractions such as one-
half. Various other modes of implementation are within
the scope of certain of our appended claims.,

Thus the invention is equaliy well seen as encompass-
ing any arrangement in which each of at least one pixel of
the superpixel receives a predetermined guantity of ink of
a first primary color and at least the same quantity of
ink of a second primary color; and in which each of at
least one other pixel of the cluster receives substantial-
ly the same guantity of ink of the first primary color and

substantially at least twice that same quantity of ink of

said second primary color;

By such arrangements a great variety of fractional
values can be obtained. For cost-effectiveness purpbses
we prefef that fractions be developed in such a way as to
provide visually meaningful variations from the prior-art
one-pixel/one-drop systems.

Thus we preferlthat for the superpixel considered as
a unit the average quantity of the second primary color
appiied be substantially at least 1.2 times the predeter-
mined quantity of ink for the first primary. This corre-
sponds to a preference that the average gquantity of all
colors applied to represent a single secondary be substan-
tially at least 2.2 times that same predetermined quantity
of ink.

Cur iniention is not, however, limited to develophent
of such values. For example, for special purposes proper
fractions (values less than one) -- or fractional values
within even 0.1 of integral numbers -- can be developed as
well.

P. Lippaan / PD-1033053-1 xHPC-14
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For best ecbnomics and performance we also prefer
that the method .of this second facet or aspect of our
invention further comprise the step of establishing at
least one certain primary or secondary color that does not
receive superpixel treatment for at least one printing
medium. In this same context, if thé specific desired
primary or secondary is one which it has been established
does not receive superpixel treatment for said given
printing medium, then we prefer that the method alsoc
include applying to that particular pixel individueslly, in
the given image on the given printing medium, a number of
drops of ink predetermined for the desired primary or
secondary in conjunction ﬁith the given printing medium.

This preference is significant. As mentioned earlier
the use of incremented inking above two drops per pixel
for 2ll colors tends to produce needless added interpass
time, finished-product drying time, and yet still a sig-
nificant risk of objectionable bleed and blocking.

In preferred embodiments of a third aspect or facet
of our invention, the invention is a method of printing
color images By construction from individual ink drops
deposited in pixel arrays. The method includes the step
of establishing at least one certain primary or secondary
color that is printed as, in effect, a nonintegral number
of ink drops ~- the nonintegral number being greater than
one.

The method also comprises the steps of receiving
information about a gi?en desired image to be printed on a
given printing medium; and determining for each particular
pPixel, in the given desired image, a specific desired
primary or secondary color. If the specific desired
primary is one which it has been established is printed
as, in effect, a nonintegral number, greater than one, of
drops, then'the method proceeds to an additional step of
applying to that partidular pixel effectively a noninte-
gral number, greater than one, of drops of ink predeter-

mined for the desired primary or secondary.
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This foregoxng description may represent the broadest
or most general description or definition of the third
aspect or facet of our invention. Even in this broad
general forﬁ it can be seen to make a significant contri-
bution to resolving previously discussed problems of the
prior art.

For example, in addition to various benefits already
aiscussed in relation to the superpixel aspects of our
invention, nonintegral-drop usage has the distinct benefit
-= in comparison with using the next higher integral value
for a particular primary-color quantity -- of saving very
significant quantities of ink. Pen life can be extended
materially, for instance, but printing 2.5 drops for red
rather than 3.0 drops.

Here again, however, for optimum enjoyment of the
benefits of this third facet of the invention there are
some distinctly preferable modes of practice. 1In particu-
lar we prefer that the applying step comprise applying a
respective integral numﬁer of drops of ink to each pixel
in a plurality of pixels associated with that particular
pixel ~-- that is; a superpixel as introduced above. The
respective integral numbers preferably are at least one

for each pixel, and at least two for at least one pixel of

the plurality; as a result, over the plurality of pixels
the average number of drops of ink per pixel exceeds one
and is nonintegral.

We prefer that the plurality of pixels further com-
prise at least one pixel that is nearby -- and more pref-
erably adjacent to -- the particular pixel. We also
prefer that the superpixel consist of the "particular”
pixel and three other adjacent pixels; and as noted earli-
er we prefer to use a two;by-two.cluster, with the number
of drops applied in pixels at opposite corners of the
cluster being the same. The proportions indicated as
preferable in connection with the second facet of our
invention are correSpondihgly preferable in conjunction
with this third facet. |
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All of the foregoing operational principles and
advantages of the present invention will be more fully
appreciated upon consideration of the following detailed
description, with reference to the appended drawings, of
which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a pixel~array diagram showing a preferred
two-by-two superpixel structure as used for printing red
on a glossy medium; -

Fig. 2 is a pixel-array diagram showing the Fig. 1
superpixel structure and usage as part of a larger pixel
matrix;

Figs. 3b and 3g are diagrams like Fig. 1 and showing
the same structure -- but as used for printing blue and
green, respectively, on a transparent medium;

Fig. 4 is another pixel-array diagram showing an
alternative linear superpixel structure;

Fig. 5 is still another pixel-array diagram showing
another alternative superpixel struciure;

Fig. 6 is a representation of a single pixel as used

for printing red on a transparent medium;

Fig. 7 is a block diagram showing the portion of a
priﬁting-apparatus in which the method of the present
invention operates; and

Fig. 8 is a flow chart illustrating operation of the

present invention in a printihg system.

AILED DESCRIPTION
OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a particularly preferred embodi-
ment of our invention which incorporates all three of its

main aspects or facets. Here a superpixel is used to

Askeland et al. / April 29, 1993 : 25 P. Lippasa / PD-1033053-1 zHPC-14
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provide a nuhber of drops per pixel which is both nonin-
tegral and larger than two.

This structure as used in the manner specifically
illustrated in.Fig. 1 is particularly advantageous for
printing red on glossy media. Each letter "Y" and "M"
shown inside each cell or pixel location 11 through 14 of
the superpixel represents a single drop of yellow or
magenta ink respectively.

Thus the plxels at opposite corners 11 and 14, 12 and
13 of this superpixel are inked 1dent1cally. More specif-
ically, one pair of opposite-corner pixels 12, 13 receives
one drop per pixel of yellow and_magenta ink; whereas the
other opposite-corner pixel pair 11, 14 receives one drop
per pixel of yellow but two of magenta.

Accordingly, considering the inking over the super-
pixel as a whole, the average number of drops per pixel
for a first primary (yellow) is one, and for a second
primary (magenta) is one and a half (1.5). The average

number of drops, without regard to color, is therefore two

and a half (2.5).

Expressed in terms of relative quantities, and taking
all drops as substantially the same size, the average
quéntity of the second primary is one and a half (1.5)
times the averége quantity of the first primary. 1In other

words the system uses a 1.5:1 ratio of primary quantities.

Now when the superpixel shown in Fig. 1 is used to

fill a field -- that is to say, some extended-area portion

of an image, which portion is desired to appear red --
the basic superpixel structure is repeated in both orthog-
onal directions, checkerboard fashion. Fig. 2 shows the
result. ' |
This is in a sense the most common case, since it may
be relatively rare for any color to be printed at only a
single isolated pixel. 1In the instance of such an iso-
lated pixel, and along the edges of a field as well, the
precise proportions of the primaries employed are of

relétively much less importance -- because the visual

Askeland et al. / dpril 29, .1993 ' 26 P. Lippaan / PD-1083053-1 x8PC-14
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1 angle'subtended by an isolated pixel, or an edge as such,
2 is intrinsically very small and therefore inconspicuous.
3 For all such circumstances we thus prefer to simply
4 provide some arbitrary rule or rules for establishing how
5 the pattern is cut off geometrically, if it is a repeti-
6 tive pattern as in Fig. 2 -- or what ink proportions are
7 used in an individual pixel if what is called for is in
8 fact an isolated pixel. One such rule that could be
9 applied for both cases is to make the first, leading pixel
10 11 in a corner of such a field (and an isolated pixel as
11 well) as "YM", and to alloy the last or trailing pixels
12 along 2ll edges of the field to be whichever pattern --
13 "YM" or "YMM" -- happens to fall in those positions.
14 We do not favor that particular rule, because at
15 least under unusual circumstances it could lead to unde-
16 sirable overconcentrations or underconcentrations of
17 magenta in certain patterns. Such effects can arise as
}8 interference effects when the periodicity of a small
19 feature of an input -image happens to be closely related to
20 the geriodicity within the superpixel.
21 A very different candidate for a supg;pixel-printing
22 rule is to print alternating rows of two-drop and three-
23 ‘drop cells. We experimented with this kind of implementa-
24 tion and found it unsatisfactory:' it produced a conspicu-
25 ous-laiered or rowed effect which was quite unnatural and
26 unpleasant to most 6f our observers.
27 The technique we prefer is to use the checkerboard
28 superpixel pattern_mentiéned above, and to establish, in a
29 virtual sense, that pattern over the entire image area --
30 that is to say, over the entire pixel array. This is
31 readily done simply by specifying, for example, that every
32 odd pixel in every odd row, and every even pixel in every
33 even row, is .a "YM"; and e%ery'remaining pixel is a "YMM".
34 Then whenever the rendition stage calls for red on a
35 glossy printing medium (other than transparency film), in
36 'a particular pixel, the system simply utilizes that under-
37 lying or virtual pattern as a template or specification of
38 what to print in that particular pixel. This permits
Askeland et al. / dpeil 29, 1993 27 P. Lippnan / PD-1093053-1 xfPC-14
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unambiguous determination of the desired inking for even
an isolated single pixel, and may minimize the likelihood
of color moire'patterns and like interference-derived
effects.

Again, the checkerboard itself is is always fixed
relative to the overall image or page, not the data.
Although this mode of implementation is not perfect, and
sometimes the checkerboard effect itself can be seen, we
consider this mode much better than all alternatives which
we tested. _

In the language common to the color industry, in our
system both the glossy and transparency modes use a six-
pass, one—-third-density-per-pass print mode, completing
100% density after the third pass and 200% density after
the sixth. This print mode uses ninety-six nozzles of the
pen, and advances sixteen nozzles per pass.

Internally to the microprocessor operatioh, our two-
primary-drop pixels -- within nonintegral-drop superpixels
-=- are produced by first-assigning three primary drops to
all the pixels of the superpixel, and then stripping a bit
from gspecified three-primary—drop pixels. Our system
always performs any such data stripping (to obtain fewer
than three drops in a single pixel) after the third pass;
therefore the system always applies at least one drop of
each primary that is to be gsed.

Figs. 3g and 3b show how the same principle can be
used in optimizing the printing of green and blue, respec-
tively, on transparency film. As before, opposite-corner
pairs 11 and 14, 12 and 13 are treated the same -- but now
for green (Fig. 3g) the second primary is cyan ("C")
rather than magenta. -

The preferred opposite-corner treatment is also
analogous for blue, but in this instance the first primary
is magenta and the second cyan. For filling a field, both
these superpixel utilizations (Figs. 3b and 3g) are re-
peated, analogously to the arrangement of Fig. 2.

The accompanying table describes the drop combina-

tions which we prefer for all eight possible pixel colors.
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1 A four-pixel grid is shown merely to demonstrate the

.2 alterﬁating—étrip checkerboard -- where it is used.

3

4 glossy trans-

5 medium parency

6 des- four after after after

7 sired pixel third sixth sixth

8 églgz sample pass  pass pass notes

9

10 white W'ﬁ - - - -

11 WW '

12

13 cyan CcC C cC CcC CC CC CcC primaries are 2-drop
14 c¢C cC CC CC cCc CC (200%; no stripping)
15

16 magenta MM MM MM MM MM MM primaries are 2-drop
17 MM MM MM MM MM MM (200%; no stripping)
18 _ .

19 yellow Y Y YY YY YY YY YY primaries are 2-drop
20 YY YY YTYY YYYY (200%; no stripping)
21 |

22 red R R YM YM YMM YM YMM YMM glossy: 250%, alter-
23 R R YM YM YM YMM YMM YMM nate strip;-

24 transparency: 300%,
25 strip Y

26

27 green G G YC YC YC YC YCC YC glossy: 200%, strip

N
00
9]
0]

YC YC YC YC YC YCC both Y and C;

29 transparency: 250%,
30 alternate strip

31

32 blue BB  MC MC MC MC MCC MC glossy: 200%, strip
33 B B MC MC MC MC MC MCC both C and M;

34 transparency: 250%,
35 alternate strip

36

37 black K K K K K K KK KK glossy: 100%,

KK KK stripped;

(&)
(o0}
A
=
A
=~
]
2]
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transparency: 200%,
not stripped.

Equal opposite-corner usage is not a requirement of this
system. In fact, for other dye loadings in the inks it could
be entirely reasonable to have three "YCC" pixels and only one
"YC" pixel in each superpixel, yielding an average 1.75:1
rather than 1.5:1 ratio of cyan to yellow. As will be clear
to those skilled in this field, entirely different hue rela-
tionships will be produced if ink compositions are held
unchanged.

Alternatively one "YCC" pixel could be used for each
three "YC" pixels, for a 1.25:1 ratio corresponding to a red
intermediate in orangeness betweén'the hues obtained with 1:1
and 1.5:1 respectively. Still other options include three
"YC" pixels and one "Y" pixel, providing a cyan-to-yellow
ratio of 4:3 or 1.33:1 with lower saturation. In the context
of different dye loadings, a system can equally well support
proper-fractional values ~- as for example through use of
three "YC" pixels and one "C" pixel, yielding a 3:4 or 0.75:1
ratio of cyan to yellow, a shade entirely different from those
suggested above.

Fig. 4 illustrates that a superpixel can be formed with a

pseudo-one-dimensional or in any event linear structure. Here

a 1:33.1 magenta-to-yellow ratio is produced in a three-cell
superpixel, with one cell used as "YCC" and the other two:
filled with "YC"; the result is four units of cyan to three of
yellow, 4:3 = 1.33.1. Reversing the relative number of these
two usages (inking'two cells as "YCC" and one as'"YC") gives a
5:3 or 1.67:1 ratio.

Fig. 5 illustrates a six-cell superpixel that can be used
to yield interprimary ratios such as 1.17:1, 1.83:1 etc. (with
total number of drops averaging 2.17, 2.83 etc. respectively),
usable for various dye-loading environments in conjunction
with various media. .

Fig. 6 for definiteness illustrates our prefefred inking
for red on transparencies. One yellow and two magenta drops,

represented as "YMM", produce a red hue that is improved in

dskeland et el. / April 28, 1993 30 P. Gippaan / PD-1093053-1 z8PC-14
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relation to that obtained from the "YM" application used in
the earlier printer discussed above.

Fig. 7 shows how the color-to-ink mapping system of our
invention fits into.the larger scheme of operation of a color
printer.. As seen, an image source 31 (which may include a
color-matching function as suggested by the presence of a
video monitor 32) feeds an optional color-compensation
stage 33. ' '

Signals from the stage next enter the rendition module

34. Finally the rendition stage drives our primary/secondary-

color-to-ink mapping system 35, which in turn fires the pens

36 to apply ink to the paper 37. The pens 36 are driven
hechanically relative to the paper 37 in two orthogonal direc-
tions (one of which may be effected by motion of the paper 37
if preferred); as represented in the drawing by the two

~double-headed arrows 38.

As described in some of the aforementioned related patent
documents, color compensation and rendition are advantageously
but not necessarily integrated. Such an integrated system
optionally can take into account and even incorporate the
operations of our primary/secondary-éolbr-tg—ink mapring
system as well.

Fig. B represents the decision-making processes performed
by a programmed digital microprocessor in the automated

practice of our invention. A particularly central function of

‘this algorithm is the above-mentioned data stripping to

implement the cell-inking tabulation presented earlier-.

With the foregoing text as orientation, this diagram will
be self explanatory to a person skilled in the field of
programming firmware programming. It will be particularly
clear to a person skilled in such programming for operation of
pixel-array color printers.

In selecting the specific inking proportions -- or as we
sometimes call them, color printing "modes" -- introduced
above, we took into account several kinds of available data.
These data included complete color-space information for each

trial, subjective opinions on how the colors looked, and

Askeland et al. / April 29, 1993 31 P. Lippaan / PD-1033053-1 1HPC-14
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printing done at low temperature to accentuate undesirable
banding and low optical density.

We used both user and diagnostic plots. As the quantita-
tive results suggest, red was the most difficult color to
adequately represegnt for good'saturation. (Some workers in’
the color industry would express this in the terminology "the
most:difficult color to fully deplete”.) Iﬁ fact we were not
able to fully saturate red on transparencies even at three
drops per pixel; additional ink could be applied for this .
purpose, but we consider use of three drops to be the optimum
cost-effective tradeoff.

After extensive testing we have found that these print
modes provide an excellent compromise between (1) printing and
drying times and (2) blocking, bleed, color transfer and ink
usage. Among other favérable results is good mileage from

each pen before ink exhaustion.

It will be understood that the foregoing disclosure is
intended to be merely exemplary, and not to limit the scope of
the invention -- which is to.be determined by reference to_the

appended claims.
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1. ‘A method of printing chromatic color images by binary

" construction from-individual ink drops deposited in pixel

arrays; said method comprising the steps of:
establishing at least one certain primary or secondary

chromatic colbr that is binary-printed as a predetermined,

. fixed number of drops of ink which exceeds two drops per

pixel;

receiving information about a given desired image to be
printed on a given printihg medium;

determining for each particulér pixel, in the given
desired image on the given printing medium, a specific desired
primary or secondary chromatic color; and

if the specifié desired'primary or secondary is one which
it has been established is printed as two drops of ink per
pixel, then applying to that particular pixel or one or more
closely associated pixels said predetermined, fixed nuhber of

drops which exceeds two drops of ink per pixel.

2. The method of claim 1, particularly for use in a three-
bit-binary color-reproduction system using said binary con4
struction for each of three independent chromatic inks, and
wherein:

the determining step comprises resolving chromatic infor-
mation about the given desired image at said particular pixel
into said three-bit-color system, incorporating influence from
other pixels nearby, and selecting exactly one single primary
or secondary color for printing at said particular pixel; and

éaid applying step is exclusive of printing any-other

primary or secoandary color at that particular pixel.

This Sheet Has Been Re’ilaced
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3. The method of claim 2, wherein:
said predetermined, fixed number of drops is three; and
the applyiﬁg step comprises applying three drops of ink
in that particular pixel.

-~

4. The method of claim 3, wherein:

the establishing step establishes that red is printed as
more than two drops of ink; and

the applying step comprises printing red as one drop of

&ellow ink and two drops of magenta ink.

5. The method of claim 2, wherein:

said predefermined, fixed number of drops is nonintegral;
and

the applyihg stép comprises applying a nonintegral number
of drops of ink, on the average, over a cluster of pixels
associated with that particular pixel; said nonintegral number

being larger than two.

R

R R
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6. A method of printing chromatic color images on different
printing media by construction from individual ink drops
deposited in pixel arrays; said different printing media
having the property of producing respective different color
appearances in response to application of ink, even when ink

of the same colors is applied in the same quantities; said

" method comprising the steps of:

establishing at least one certain primary or secondary
chromatic color, but no cther hue, that receives postrendition
superpixel treatment for at least one printing medium;

receiving ihformation about a given desired image to be
printed on a given printing medlum,

through a rendition process determining for each particu-
lar pixel, in the given desired image on the given printing
medium, a specific desired primary or secondary chromatic
color, but no other hue; and

if the specific desired primary or secondary is one which
it has been éstablished receives posﬁrendition superpixel

treatment for the given printing medium, then:

defining a superpixel that consists of a plurality

of pixels associated with said particular pixel, and’

applying to each of the pixels in that superpixel,
on the given printing medium, a respective number of
drops of ink predetermined for the desired primary or
secondary chromatic color in conjuhction withlthe given

printing medium.

T. The method of claim 6, further comprising:
determining, for each medium to be used, whether the
specific desired primary or secondary chromatic color is one
which receives superpixel treatment.
S
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The method of claim 6, wherein the superpixel consists

said particular pixel; and
at least one other nearby pixel.
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Q. The method of claim ®., wherein:

if the given printing medium is a nontransparent glossy
medium, then said first primary color is yellow and said at
least one color that receives superpixel treatment is red and
said second primary color is magenta; and

if the given printing medium is transparency film, then
said at least one color that receives superpixel treatment

comprises:

green, for which said first primary color is yellow
and said second primary color is cyan, and

blue, for which said first primary color is magenta
and said second primary color is-cyan. '

I3. The method of claim 6, wherein:

each of at least one pixel of the superplxel receives a
predetermined quantity of ink of a first primary color and at:
least the same quantity of ink of a second primary color; and

each of at least one other pixel of the cluster receives
substantially the same quantity of ink of the first primary
color and substantially at least twice that same quantlty of
ink of said second primary color;

wherein for the superpixel considered as a unit the
average quantity of said second primary color applied is
substantially at least 1.2 times said predetermined quantity
of ink, and the average quantity of all colors applied is.

substantially at least 2.2 times said predetermined gquantity

‘of ink.
This Sheet |Iilii|i3een|1|{e[ilaced

Askelaad et al. / dpril 29, [993 37 P. Lippuan / PD-1093083-1 APC-14

\

g e



N =

A O 4 L

~]

10

11

41, The method of claim &, further comprising the steps of:

establishing at least one certain primary or secondary
color that ddes not receive superpixel treatment for at least
one printing medium; and

if the sbecit‘.ic desired primary or secondary is one which
it has been established does not receive supe_rpixel treatment
for said given printing medium, then applying to that particu-
lar pixel individually, in the given image on the given print-
ing medium, a number of drops of ink predetermined for the
desired primary or secondary in conjunction with the. given
printing medium. '
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12.. A method of printing chromatic color images by construc-
tion from individual ink drops deposited in pixel arrays; said
method comprising the steps of:

establishing at least one certain primary or éecohdary
chromatic color that is printed as, in effect, a nonintegral
number of ink drops, said nonintegral number being greater
than one;

receiving information about a given desired image to be
printed on a given printing medium;

determining for each particular pixel, in the given
desired image, a specific desired primary or secondary
chromatic color;.and

if the specific desired primary is one which it has been
established is printed by, in effect, a number of drops that
is nonintegral and greater than one, then applying to that
particular pixel effectively a nonintegral number, greater
than.one, of drops of ink predetermined for the desired

primary or secondary chromatic color.

!3. The method of claim /2, wherein: ’ )
the applying step comprises applying a respective inte-
gral number of drops of ink to each pixel in a plurality of
pixels associated with that particular pixel, said respective
integral number being: at least one for each pixel, and at
least two, for at least one pixel of the plurality;
whereby, over the plurality of pixels, the average number

of drops is greater than one and nonintegral.
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I%., The method of claim 73, wherein:
the superpixel is a two-by-two cluster of pixels.
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INKING FOR COLOR-INKJET PRINTERS, USING NONINTEGRAL DROP
AVERAGES, MEDIA-VARYING INKING, OR.MORE THAN 2 DROPS/PIXEL

ABSTRACT OF THE DISCLOSURE

At least one certain primary or secondary color is

established that receiveS'special treatment for at least

W 0 9 O N A LW N -

one printing medium. Such treatment may include (1) using

[
o

more than two drops of primaries per pixel for binary

(oY
-

printing of a particular secondary; or (2) binary-printing

[y
[\M]

the chromatic primary or secondary -- but not other hues

[y
(4]

-- after rendition, by use of a "superpixel”; or (3)

—
-~

application of, in effect, a nonintegral number, greater

[y
(3}

than one, of ink drops per pixel; or (4) .combinations of

-
»

these treatments. As an example of the first of these

[
-3

treatments -- using inks optimized for plain paper at one

[y
e 4}

drop of ink for primaries'and two {(one of each of two

[y
©0

- primaries} for secondaries -- red is printed on trans-

N
o

parency film as one drop of yellow ink and two of magenta

[\
[y

in each pixel. As to the second treatment, the superpixel

[\
[\

is preferably a group of pixels (e. g., a two-by-two

[\
w

array) including the target pixel, in which group each

[y
o+

pixel is inked and at least one pixel receives at least

[\+)
[}

two drops of ink. In particular -- still assuming inks

[\V]
[+2]

optimized for plain paper as described above -- to print

[\V)
-

red on so-called "glossy media" (meaning nontransparent

[\
0]

glossy media), one drop each of yellow and magenta is used

[\
e}

in each of two opposite corners, and one drop of yellow

w
o

and two drops of magenta are used in each of the remaining

w
—

corners. Analogously, to'print green on transparency

(& ]
[\V]

film, one drop each of yellow and cyan is used in each of

(¥
(9]

two opposite corners, and one drop of yellow and two drops

W
e

of cyan are used in each of the remaining corners; and to

(2%
(5}

print blue on transparency film one drop each of magenta

w
[¢)]

and cyan is used in two opposite corners, and one of

1]

-

magenta and two of cyan are used in remaining corners.

(Fg.8)
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-1-
INKING FOR COLOR-INKJET PRINTERS, USING NON-INTEGRAL DROP
AVERAGES, M_EDIA-VAR_YING'INKING, OR MORE THAN TWO DROPS/PIXEL

: .

This is 2 continuation-in-part of U. S. utility-~
.patent application serial 07/928,264, filed August 3,
1992, in the name of William J. Allen. That document in
its entirety is incorporated by reference intc this one.

Related copehding_applications comménly owned by the
assignee of the presént document and alse incorporated by
reference in their entirety into this application are
U. S. utility~-patent applications serial 07/878,579 and
07/878,931, both filed on May 4, 1992, and issued

_ ' 195__ and N
189__, respectively as U. S. Patents §, s and
5, 1.+ A closely related document is another U. S.

utility-patent application filed in the United States
Patent end Trademark Office substantially contemporanecus-
ly with this document, in the name of Lance Cleveland, and
identified as Hewlett Packard Company docket number PD~
1083154-1, attorney docket xHPC-19, and entitled "MAXIMUM-
- DIAGONAL PRINT MASK AND MULTIPASS PRINTING MODES, FOR HIGH
QUALITY AND HIGH THROUGHPUT WITH LIQUID;BASE INKS" -- and
subsequently assigned utility-patent application serial
08/ 3—— and issued as U. S. Patent 3,
s 199__ -- and alsc hereby incorporated

by reference in its entirety intoc this document¢;_~_~_______‘_-___;_
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1. FIELD OF THE INVENTION

' on

This invention relates generally to printing color
images by construction from individual ink drops deposited
in pixel arrays; and more particularly to creation of such

" images by inkjet operation on a printing medium whose hue
or saturation response, or both, depart'frcm the responses
of ordinary paper. Certain aspects of our invention are
particularly pertinentmpghbinary printing operation, and
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even more particularly relevant in the context of three-
binary-bit color reproduction.

2. PRIOR ART

ti wit rimaries an econdaries -- In this
well-known technology, color printing is controlled by
programmed digital microprocessors. In each apparatus one
or more processors operate pens léaded with ink of three

so-called "primary" colors -- most commonly cyan, magenta
and yellow.

Printing any of these three colors is accomplished
simply by depositing ink of the desired color. So-called
"secondary" colors -- ordinarily green, blue and red --
are printed by combinations of the primaries. ,

More specifically, printing of any one of the secoyd-
aries (green, for example) is done by overprinting two
primaries (traditionally equal quantities of cyan and °
yellow, for the same example). The secondary is created
by the subtractive process of spectral absorption.

Commonly, still another pen is loaded with black ink
to provide black and gray effects. This aspect of the
printing process may not be of direct interest in regard
to the present invention and so will receive little men-
tion in the remainder of this document.

inar eration, and number of bits in the system -~
By "binary"” we refer to the well-known concept of either
having or not having a fixed unitary quantity of some-
thing. 7TIn this context it means either printing or not
printing in each pixel location a particular primary or
secondary color -- in an essentially unvarying amount.

" This concepé is sometimes summarized with the phrase
"go/no-go". 1In other words, either the system enters a
"go
primary or secondary color ~-- in which it may be said to

mode of operation -- with respect to a particular

"go. ahead and print" some specific, fixed quantity of that
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particular color; or it enters a "no-go" mode in which it
does not print that color at all.

Not all pixel-array prxntlng systems operate in this
way. To the contrary, some systems ‘use a multiple-level
approach, in which many different quantities of ink (of
oné or several colors) can be deposited at each pixel.

The point of those other systems is to establish a
mhltiple—level saturation scale, or -- viewed in a mono-
chrome sense with respect to each color independently -~
a multiple-grey-level scale, which can be implemenﬁed for
'eaeh color at each pixel. A multilevel system must be
implemented by multilevel data processing in the micropro-
cessor that controls the pens.

In an ordinary programmed digital microprocessoar,
such multiple-level data are necessarily represented in
multiple~bhit form. Although each bit uséd to express the
quantity of ink of course remains binary (go or no-go),
the overall quantity itself is now truly susceptible to
quantification -- that ie, expression in gradations on a
scale.

In a multilevel system the multiple-bit information
processing and the multiple-ink-drop physical control
" required are both very demanding. Furthermore these
provisions are required in_each channel -- in other words,
required at least for each of the primaries that are
.employed by the system, and in some operational philoso-
phies each of the secondaries too.

A system using, for example, five-bit levels to
distinguish -25 = 32 saturation gradations in each of three
different channels (primary-coclor inks} is overall at
least a seven-bit system. At least two bits must be used
to identify which ink is to be controlled by the five
"level” bits. '

For simplicity of operation it may be preferred
instead to use three bits for identificatiom -- thus
allowing the system to work in the six primaries and

secondaries (plus black and. white) rather than three (or
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four) inks. Thus an optimum five-bit-level (thirty-two-
gradation) system may be an eight-bit system overall.

Such systems .are capable, at least in principle, of
greater hue and saturation fidelity, particularly for very
fine features of images. They require, however, eithep
longer operating times or microprocessors and system-bus
architectures capable of handling a greater number of bits
in parallel -- or both.

Of course such systems are available, and new ones
_Qre readily designed for the purpose; and they are less
costly nowadays than previously. They remain, however,
expensive. ' ' ' ‘

Even these data-processing prov151ons are not the end
of the matter, for fine physical control of 1nk1ng is
needed to 1mplement such a system reliably. Such physical
provisions, especially under varying environmental condi-
tions, remain very touchy.or temperamental.

Accordingly for sucb.performance a price must be
paid. Ordinarily it is paid in terms of printing speed,
drying time, apparatus complexity and cost, price to the
end-user, sometimes uniformity of results, etc.

One known system that employs a thlrtv-two—lncrement-
scgle -- that is to say, up to thlrty two small drops per
pixel -- is known as the Hertz technology.. In that system
a piezoelectrical crystal vibrates a droplet of ink, while
the system either does or does not electrically charge the
droplet. |

Applying a charge enables the droplet to escape from
the vibrator with momentum imparted by the vibration.

Thus this particular system, in addition to being a multi-
level, multibit system does not operate by thermal-inkjet
technology; moreover, the drops are used to express com-
plex colors, rather than primaries or secondaries. '

Our invention is addressed to refinements that very
closely approximate such high-color- fldelltV performance
-- but in a device that is vastly simpler and more func-
tionally efficient, and therefore economycal. Thus our

invention aims to solve a problem that in the past has ob-
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structed achievement of high-quality but inexpensive color

reproduction. -

Another technology which superficially may seem to be
related to ours in that it deals with dépositing-multiple
ink "dots"” or drops -- notably drops of different density
=-- within a given "picture element” is United States Pat-
ent 4,672,432, of Sakurada. Each drop 'is either full-

"density of one-quarter of full-density.

In Sakurada moreover, each "picture element” is not a
pixel but rather a three-by~three matrix of pixels; and
the multiple dots are never overprinted but rather-only
adjacently printed in adjacent pixels of each "picture
element”. This is shown in the Sakurada patent particu-
larly by the unavailability of patterns for tone levels
31, 34 and 35: if overprinting weré permitted in that
system, patterns would be available for those level.

Hence Sakurada's total inking in each nine-pixel '
(three-by-three) matrix is always at most equal to - and
usually much less than =-- nine times the amount of ink in
one full-density ink drop. Thus on average the inking is
some fraction £ £ 1 of a single full-density dot.

Sakurada’s system provides thirty-thfee-different
tone levels for each color unit, and is thus distinctly a
multilevel system. He also, however, permits mixing inks
within each three-By-three matrix for the purpose of
creating complex colors within each matrix -- and so is at
the same time a multihue system; such a system is é form
of, or a substitute for, the so-called "rendition" process
discussed in the following subsectibn.

United States Patent 5,012,257 of Lowe et _al. de-
scribes a system for inkjet printing on paper, in which

" two-by-two groups called "superpixéls" are used for prees-

tablishing certain color combinations, or complex colors,
that can be_called for as a unit. Unlike'éakurada, Lowe
uses ink drops of all the same density and size; due to

this fect, as well as the fact that each of Lowe's pixel.
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groupings has only 4/9 as many pixels as Sakurada's,
Lowe's system provides many times fewer levels of overall
inking density, but it is nevertheless a multiple—lével
system. .
In Lowe, at most two pixels in each two-by-two super-
pixel are printed -- which is to say that at least two are
blank, or white {for white paper}). Also Lowe uses no more
than two drops per pixel, or three drops per two-by-twb
superpixel. Therefore in Lowe the number of drops per
pixel on average is always less than one, and in fact is

at most three-quarters.

The Sakurada and Lowe inventions thus provide what
might be characterized as a hue-on-demand s&stem. Such a
system may for instance work out the hue desired at a
given pixel, and then select the closest available hue --
provided by the multiple-hue selections of the thrée—by—
three or two-by-two pixel'grouping.'

The hue selection is thus performed on a pixel-group
basis, or in other words for an entire pixel group as the
basic unit of color, rather than for each pixel individu-
ally. As already noted above in relation to Sakurada,

. th;s is a substitute for -- or form of ~- rendition.

Still another technology of interest, but of ‘even
more-superficial similarity, is disclosed in United States
Patent 4,528,576 of Koumura. That document contains
diagrams showing three colors seemingly stacked or over-
"printed. Careful reading, however, suggests that those
diagrams are merely figurative representations of the
sequence in which colors -- any two colors -- are put down
and layered, if and when they are put down; it is not
believed that Koumura intends to convey that all three

colors ever would actually be put down on a single pixel.

Mapping primarv_and secondary colors to inks =-- The

present document focuses upon an operational stage that is

between (1) the selection of a primary or secondary color,
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and (2) the physical printing process. In other words
this invention addresses the stage of determining which
ink to discharge (or to put it another way which pen
should fire) =-- and how much of that ink to discharge, and
where to discharge it -~ to implement a specific primary
or secondary color at a specific location.

More succinctly, we are mapping primary or secondary

colors to primary inks, on a small-scale (single pixel or’
nearly so) basis. :

To assist in recognizing differences between certain
aspeéts of our invention and the prior art, however, we
will briefly digress to describe a function known as

rendition.

Direct representation vs. rendition--- In printers of

the tfpe under consideration in this document, micropro-
cessor programs implement'tﬁe ink applicaéions needed to
produce a desired color effect at each partldf an image.
The decision to print a particﬁlar primary or secondary
color at a particular pixel is made in one of two ways:

(a) sometimes the decision follows directly from the
desired or so-called "input"” color of a desired
image af that pixel location -- in other words,
sometimes a user calls directly for a primary or

secondary color there; and

(b) sometimes the selection of a particular primary
or secondary is the result of a complicated
resolution of a complex coler at each pixel
location into component primary and secondary
fractions -- and then in effect implementing
those f:actional representations by areal dis-
tribution, in a progressive assignment procedure
called "rendition” and sometimes-employing a

propagating process called "error diffusion”.
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The second type of decision-making is used to pro-
duce, for example, a recognized color blend such as .
chartreuse, or an undefined color needed toc match the
appearance of a scanned photograph. Details of various
approaches to rendition and error diffusion which lead to
such selection of a primary or secondary for printing --
as well as the physical printing process itself -- appear
in the related patent documents that are identified above
and incorporated into this document by reference.

The term "rendition” is now used in the color indus-
try to mean a microprocessor-controlled process that
operates in a semiintegrated way upon relatively broad
areas of a pixel array (in contrast to the small-scale
mapping that is of interest in our invention), to estab-.
lish which primary or secondary colors will be used at
each pixel location to create a desired or "input” image.
This rendition process iA effect represents a transform
that is performed upon an entire desired image to create
its representation or equivalent as. an entire pixel array.

Most typically the rendition process actually execut-
"ed by a programmed micropfocessor may become particularly
elaborate when the desired hues of the input image are
relatively subtle washes. Such hues are just slightly
removed from .primaries and secondaries -- rather than
midway between a primary and a secondary, or actually
equal to a primary or secondary.

In such instances the rendition program labors con-
tinuously to inject just the right amounts of the avail-
able primary and secondary colors needed to represent
the tinges of minor components that create such subtle
effects -- and to make these minor-element injections in
a reasonably well-distributed and consistent way, to avoid
creating a perception of either mottled or erratic color
artifacts.

Varioué algorithms are used to accomplish this. One
group of such protocols creates a sort of continuous-
dilution phenomenon in the pixel array. What is continu-

ously diluted is color itself.
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In these processes the program finds the best single
primary- or secondary-color approximation to a desired
color at each given pixel -- and then determines what the
resulting error is there. Then in subsequent (usually
nearby) pixels the program attempts to compensate for that
error while at the same time expressing the colors that
are desired in those (subsequent) pixels. It is in keep-
ing with the continuous-color-dilution character of these
algorithms that they are known by the apt term "error
diffusion”. '

In the prior art, such large-scale multipixel inte-
gration of color representation has been employed only for
representing complex colors, or for automdticelly matching
arbitrarily selected colors in input images -- even though
in operation these sometimes may turn out to be primaries
or secondaries -- and for dealing with errors already
accumulated along the way in the representation process.

Alternative to this iarge-scale.multipixel reridition
process are smaller-scale plural- or multiple-pixel arr#ys
such as used by Sakurada or Lowe to provide hues effi-
ciently - in terms of computational time -~ but perhaps
not as accurately for complex colors as the rendition

. process.

Lowe's superpixels permit selection of hues that are
primary colers, such as cyan, magenta and yellow, and also
other hues that are individual secondaries such as blue,
green and red -- but these six hues are only half of a |
total of twelve of which the system is capable, and in
addition three double-intensity forms of the primaries are
also provided. Thus the Lowe system is not in essence a
postrendition process for binary expression of preestab-
lished individual primaries and secondaries exclusively.

Media effects .-~ In color printing with thermai-
inkjet pens, inkdrop volume and colorant concentration for
each of the three primary inks are usually designed to
give the correct spot size and color saturation on the

most commonly used printing medium ~- namely, paper. When
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these same pens are used to print on other media such as
transparency film or glossy media, however, the spot size
and color saturation may not be optimum.

For example, another printer commercially available
from the Hewlett Packard Company under the model designa-
tion PaintJet®, when used to print on paper, ejects one
drop per pixel for primary colors (cfan, magenta and
yellow) and two for secondaries (green, blue and red). In
other words, the ratioc of quantity of secondary to gquanti-
ty of primafy is substantially 2:1. We say "substantial-
ly" because as will be understood ink drops from different
, péns are not necessarily identical in volume, gnd as a.
practical matter need not be; in any event, to put éhe
same statement in a less general way, the number of drops
of secondary ink to number of drops of primary ink stands
in the ratio 2:1. ' ' ’

| These treatments produce good hue and chroma, as well
as satisfactory appearance on a lightness-darkpess scale,
on paper. - When used on transparency film, however, these
same treatments produce primary colors that appear under-
saturated, or in familiar terms "washed out”.

To improve color saturation of colors printed on
tranéparency film, the PaintJet® system operates in a
special transparency-printing mode which applies two drops
per pixel for both primary and secondary colors -- in
‘other words, here the ratio is 2:2. Related techniques
for satisfactorily implementing such a strategy are dis-

- cussed in United States Pétent 4,943,813 to Palmer and’
Morris.

The teachings of that patent are representative of
modern methods for inkjet printing on transparency film.
Those teachings resolve the problem of multiple dot over-
printing -- and closely adjacent printing ~- by providing
a time delay between successive passes to reduceﬁdripping
and improve inking uniformity. ' .

Application of two drops per pixel for all priméries
and secondaries, a 2:2 ratio, for transparency film is far

superior to the 2:1 relationship that is optimum when used
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on paper. Nevertheless it does leave some room for re-
finement: we have noticed that to most viewers both red
and green appear slightly undersaturated if printed in
this way on transparency film.

This is especially significant in regard to modern
printer products because -- among other well-known consid-
erations -- red is if anything the most important single
commercial color, and at the same time one for which

casual observers tend to have a particularly critical evye.

Another, more serious, problem arises in color print-
ing on other glossy media. In particular some popular
printing materials have a glossy coating, somewhat like
transparency stock, but also an opagque backing.

Such a printing medium is commeréially important
because of the added visual snappiness or.flashiness which
it can lend to a finisﬁed product. Exemplafy prodﬁcts

. include commercial announcements, posters, and covers for
comb-bound books. In this case the 2:2 ratio has been
found satisfactory for green and blue, but red appears
badly undersaturated. '

_ As can now be seen, important aspects of. the technol-
ogy which is used in the field of the invention are amena-
ble to useful refinement, which the prior art has failed

to provide.

SUMMARY OF THE DISCLOSURE

The bresent invention introduces such. refinement.
The invention of the parent application is a prerendition
system that permits limiting the total volume of ink
specified in image data for each pixel, and thereby for an
entire page, through linear reduction or scaling of source
image data. -

That linear reduction or scaling is with respect to a

preset (default) or user-set maximum. Preferably the
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scaling is also with respect to a similarly preset or
user-set threshold -- which is to say, each input value is
scaled linearly between the threshold and maximum values,
to prevent liquid-inking overload.

The parent-application system does, however, call for
nonintegral ink-density values, which uhder'some circum-
stances are greater than one. In this regard it particu-
larly relates to the subject matter of this document.

The present invention is a postréndition system; it
has three main facets or aspects. To an extent which will
shortly be clear, these three principai facets of the
invention can be employed independently, to obtain their
.respective benefits; they are also, however, amenable to
employment .together in concert to optimize printed results

by their beneficial interactions.

In preferred embodiments of a first one of these
aspects or facets, the présent invention-is a method of
printing chromatic color images by binary construction
from individual ink drops deposited in pixel arrays. The
method includes the step of establishing at least one
certain primary or secondary chromatic colof that is
bihary-printed as a predetermined, fixed number of drops
of ink which exceeds two drops per pixel.

By "binary" once again we refer to the "go/nofgo"
concept mentioned in an earlier section of this document.
Thus this step establishes that a particular color is
. substantially always -- when using a particular printing
medium -~ printed using a numbef of drops of ink that is
(a) more than two, and (b) the same number.

The method also includes the step of receiving infor-
‘mation about a‘'given desired image to be printed on a
given printing medium. In addition the method includes
the step of determining for each particuiar pixel, in the
given desired image on the given printing medium, a spe-
cific desired primary or secondary chrqmatic color.

In preferred embodiments of this first -facet or

aspect of our invention, the method also includes the step
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of applying to that particular pixel, or one or more
closely associated pixels, said predetermined, fixed
number of drops which exceeds two drops of ink per. pixel.
({We will shortly explain -- when we come to the second
major aspect of the invention -- what we mean by "associ-
ated" pixels.) This step is performed gnly if the specif-
ic desired pfimary or secondary is one which it has been
established is printed as a number of drops of ink exceed-
ing two drops of ink per pixel. .

The forégoing may be a descfiption or definition of
the first aspect of the present invention in its broadest
or most general térms. Even in such general or broad
forms, however, as can now be seen this facet of the
invention resolves the previdusly outlined problems of the
prior art. '

' In particular by laying down more colorant in a
. portion of an image than heretofore, spot size and satura-
tion are increased. This in turn has the additional
benefit of expanding the available color gamut to perhit
more accurate hue representations in complex colors.

It migﬁt be supposed that people skilled in the field
of color printing by ink-drop-in-pixel representations
would turn very naturally and promptly to a three-drop
treatment for certain colors -- as a sort of extension of
the two-drop treatment known for transparencies. Actually
- the contrary is the case, for several reasons, as our own
efforts illustrate.

When we firsf came upon the idea of using more than
two d;ops in a pixel, we immediately were concerned about
the ink-volume problems elaborated in the Palmer and
Morris '813 patent mentioned earlier. Although interpass
delays as described'in that patent importantly moderate
the adverse effects of relatively héavy inking, the "natu-

ral" step of advancing from two to three drops of ink

represents a fiftv-percent increase in the amount of ink
laid down. '
Thus a first consideration that dissuaded us from

using more than two drops was that adding'enough delay for -
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satisfactory drying of this very lgrge additional ink vol-.
ume could require unacceptably large cumulative interpass
delay. In other words the total printing time would be
tooc long. - '

A second and major factor was that, within acceptable
interpass-delay settings, we found excessive color-to-
color bleed, excessive offset (color transfer to adjacent
sheets of the medium when stacked), or generally excessive
drying time for the finished product -- or combinations of
all these problems. A particularly onerous difficulty was
encountered in what is sometimes called "blocking": a
quantity of undried ink that is so large-as to cause
adjacent sheets to stick together.

A third problem that initially turned us away from
over-two-drop-per-pixel inking was that the amount of ink
applied necessarily equals the amount of ink consumed. In
consequence, ink cartridges run out of ink and must be re-
placed more frequently, a source of usef annoyance in
itself. Moreover the overall cost of printer 6per§tion
rises with the number of ink cartridges installed and
emptied per unit of operating time, _

For these reasons we were very reluctant to resort to -
additional ink-drop quantities; and instead turned to
exploration of other possible strategies in increased dye
lbading of some inks. Only after extensive fruitless
effort were these alternatives abandoned because of the
difficulty of.finding any single set of ink compositions
that could be made usable with regular paper and transpar-
encies and other glossy media.

At that point-yet a fourth coasideration came into
play, deterring us from deciding to raise the number of
ink drops per pixel above two. Our initial efforts to
print red using three drops per pixel on a glossy medium
produced unacceptable hue.

Two yellow drops and one magenta drop yielded a very
light orange-red. On the other hand, two hagenta and one
yellow produced a somewhat dark red -- which could be de-

scribed simply as "too magenta”.
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At that juncture, however, with some pleasant sur-
prise we hit upon ways of applying more than two droeps of
ink which overcame these difficulties and provided an
excellent solution to the hue/gamut problem with complete-
ly satisfactory interpass delay, drying time, blocking and
bleed. Those techniques include the other two facets or
aspects of our invention, which also are preferred modes
of practice of this first aspect now under discussion.

In particular we consider it very strongly preferable
to apply increased numbers of ink drops not for all col-
‘ors, or even all secondaries as in the prior art -- but
rather only to particular, specific secondaries which
require such treafment for acceptable hue or saturation,
or both, on specific media. This preferred embodiment
alone refresents a major, very significant moderation in
the total amount of ink laid down and thereby in all the 
problems of overinking discussed above.

~Thus for instance in one preferred embodiment of this
first aspect of the invention we apply three drops of ink
to produce red on transparency stock. Those preferably
are one drop of yellow and two of magenta -- which as
previously noted produce ‘unacceptable hue on other glossy
media, but which we have found very satisfactory on trans-
parency film. . .

We do not prefer to use this same quantity of ink for
the other secondaries on transparencies. -"In particular}
‘we have introduced means of stepping up the amount of ink
not by an idtegral.number of drops per pixel but by only a
fractional increment. This further mitigates the hue-
accuracy problems -- for green, for example, by splitting
the difference between "too bluish-green™ and "too yellow-
ish-green”, inasmuch as a fractional number can be select-
ed to virtually pinpoint the desired hue. )

For instance in transparencies we are able -- and we
prefer ~- to print green by, in effect, 2.5 drops of ink:
1.5 of cyan and one of yellow. . Similarly ih transparen-
cies we are able and we prefer to print blue by 1.5 drops

of cyan and one of magenta.
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On other glossy media we prefer and we are able to
print red effectively by 2.5 drops, namely 1.5 of magenta
and one of yellow. In this case, green and. blue are
preferably printed in a more-conventional fashion using
one drop of yellow or magenta, respectively, plus one of
cyan.

' We prefer to employ this first aspect of our methoed
in a three-bit-binary color-reproduction system; more
specifically, we use the binary construction for each of
three independent chromatic inks. As mentioned earlier,
multidrop primaries have been used as part of multibit,
multilevel inking systems, but heretofore neither for
binary systems nor for three-bit systems.

In this context we also prefer that the determining
step include resolving chromatic information about the-

- given desired image at said particular pixel into the
three-bit-color system, incorporating influence from other
pixels nearby -~ and selecting exactly one single primary
or secondary color for printing at said particular pixel.
We thus prefer that the applying step be exclusive of
printing any other primary or secondary color et that
particular pigel.

In.preferred embodiments of a second one of these
aspects or facets, the present invention again is a method
of printing chromatic color images on different printing
media by construction from individual ink drops deposited
in pixel arrays. The method is particularly for use in
printing on different printing media that have the proper-
ty of producing respective different chromatic color
appearances in response to application of ink -- even when
"ink of the same colors is applied in the same quantities.

The method of this second facet of the invention '
includes the step of establishing at least one certain
primary or secondary chromatic color, but no other hue,
that receives a postrendition treatment which we shall
call "superpixel" treatment for at least one printing

medium. The meaning of the term "superpixel"” is analogous
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to its usage in the Lowe patent, but will be further
elaborated momentarily. )

Relative toc the Sakurada patent'and the Lowe patent,
the step described above is a departure in that it relates
to preparation for a postrendition treaﬁment -=- rather
than a form of rendition, or a rendition substitute -- but
also in that this step relates to primary' and secondary
colors exclusively. Thus this step does not relate to
using superpixel treatment to directly produce any other
hue, such as for example a complex color such as brown;
and is not part of a hue-on-demand type of .system.

The method also includes the steps of receiving
information about a given desired image to be. printed on a
given printing medium; and through a rendition process
determining for each particular pixel, in the given de-
sired image on the given printing medium, a specific
desired primar§ or secondary.chromatic color.

- If the specific desired primary is one which it has-
been established receives postrendition superpixel treat-
ment on the given medium, then the method also includes

these substeps:

defining a superpixel that consists of a plural-
ity of pixels associated with said particular pixel,

and

applying to each of the pixels in that superpix-
el, on the given printing medium, a respectivé number
of_drops of ink predetermined for the desired primary
or secondary .in conjunction with the given printing

medium.

This last "applying"” substep is the part of the process
most plainly performed after rendition ~- the actual
binary application of ink in individual pixeié.

The foregoing may be a description or definition of
the second facet of our invention in its broadest or most

general terms. As with the first aspect of the invention,
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however, even in such general or broad forms ~- as can now
be seen -- this facet of the invention constitutes an im-
portant advance in removing the obstacles that heretofore
restricted performance of prior-art economical printers.

In particular the postrendition superpixel treatment
opens the way to providing much greater precision in both
hue and saturation of printed chromatic secondaries, and
éherefcre in available gamut for reproduction of complex
chromatic colors. It does this by introducing a greater
number of deg}ees of freedom for accommeodation of diverse
printing-medium response to inking, relative to prior-art
postrendition binary treatment:

The representation of colors -- even.a single second-
ary color -~ on a variety of printing media is fundamen-
tally a multidimensional problem. The prior art sought to
resolve this problem with a severely restricted parameter
set, or in other words an overly limited number of degrees
of freedom. To say the same thing in still anotheé way,
perhaps more nearly in layman's language. the prior art
provided relatively little flexibility in refining or
adjusting hue and saturation of priméry and secondary
chromatic colors, in postrendition processing.

No longer is it necessary to struggle against the
limitations imposed by that previous restriction. With
this second facet or aspect of the present invention,
additional degrees of freédqm can be brought to bear in
' more finely tuning the relative proportions of primaries
used to represent each chromatic secondary.

If desired it would be possible, in principle, to
exploit this additional freedom {or "“flexibility”) in
other ways. For instance, additional chromatic primaries,
or combinations of primaries, could be introduced into the
overall ink-usage strategies -~ each in its own suitably
defined proportions -~ in order to refine certain chromat-
ic secondaries (or primaries) for either esthetic or
economic objectives. ‘

Plural- or multiple-pixel arrays have not heretofore

been used for postrendition binary representation of
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individual chromatic primaries or secondaries to print
chromatic images. As mentioned in an earlier section of
this document, large-scale multipixel integration of
chromatic color representation has been employed in the
prior art only for printing complex colors, and for deal-
ing with errors already accumulated along the way in the
process of such printing; and small-scale plural- or
multiple-pixel integration has been employed in the prior
art for multilevel and/or hue-on-demand systems.

Although this facet of the invention thus provides
very significant advances relative to the prior art,
nevertheless for greatest enjoymént of the benefits of the
invention it is preferably practiced in conjunction with
certain other features or characteristics which enhance
its benefits.

For example, it is preferred that the method further
include, for each medium to be used, the step of determin-
ing whether the specific desired chromatic primary or
secondary is one which it has been established receives
postrendltlon superpixel treatment.

It is also preferred that the superpixel consist of
the particular pixel -- that is to say, the target ‘pixel
-- and at least one other nearby pixel. It is further
preferable that the superpixel consist of said particular
pixel and at least one other adjacenf pixel.

More particularly we prefer that the superpixel
consist of the particular target pixel'and three other
adjacent pixels. Many kinds of pixel arrays can be used
~- for instance, a linear array, or a two-by-three rectan-
~ gular array of six pixels, or a grouping of five pixels,
etc. For present purposes, however, we find it satisfac-
tory to use a superpixel that is a two-by-two cluster of
pixels. _

Further for this case we prefer that the number of
ink drops applied in pixels at opposite corners of the
cluster be the same, for bdth opposite-corner pairs; and

that all four pixels in each superpixel are inked. . More
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particularly still, it is preferable that the specific
desired primary or secondary color be a secondary color;
and that:

- each of two opposite corners of the cluster receive
one drop of ink of a first primary color and one drop

of ink of a second primary color, and

- each of two other opposite corners of the cluster re-
ceive one drop of ink of the first primary color and

two drops of ink of the same second primary color.

(By the terminology "first" and "second" primary
colors we do not mean to suggest that one or the other
primary ink is received first, or second. To the con-
trary, in principle the two inks can be received on the .
printing medium in either sequence; and we intend the
nomenclature "first primafy” and "second primary” in this
document ~- and particularly as found in certain of the
appended claims ~-- to be so interpreted. As is known to
" people skilled in this field, however, hue and therefore
the desired ink constituencies and relative proportions
will vary with sequence; therefore it is normally impor-
tant to make the sequence consistent or to vary propor-
tions with sequence to obtain the correct hue.)

By virtue of this arrangement, for the superpixel
considered as a unit the average quantity of the second
primary color applied is 1.5 drops. The average quantity
of all colors applied is 2;5 drops.

We prefer to implement our invention in the environ-
ment of a new printer product of the Hewlett Packard
Company -- a very-high-throughput device capable of six
very fast printing passes. In this context,.we use yellow
as the first primary color.

Then if the given printing medium is a glossy medium,
~the color that receives superpixel treatment is red, and
the second primary color is magenta. If, however, the
given printing medium is transparency film, then we prefer
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that two colors receive superpixel treatment: green, in
which instance the second primary color is cyan; and blue,
in which case the first primary is magenfa and the second
cyan. _

It is not necessary to expréss ~~ or'indeed to apply
-- our invention in terms of drops of ink as such; or in
terms of geometrically simple or symmetrical patterns or
their resulting very elementary fractions such as one- "
half. Various other modes of implementation are within
the scope of certain of our. appended claims.

Thus the invention is equally well seen as encompass-
ing any arrangement in which each of at least one pixel of
the superpixel receives a predetefmined quantity of ink of
a first primary color and at least the same quantity of
ink of a second primary color; and in which éach of at
least one other pixel of the cluster receives substantial-
ly the same gquantity of ink of the first primary color ahd
substantially at least twice that same gquantity of ink of
said second primary color;

' By such arrangements a great variety of fractional
values can be obtained. For cost-effectiﬁeness purposes
we prefer that fractions be developed in suc¢h a way as to
provide visually meaningful variations from the prior-art
one-pzxel/one-drop systems.

Thus we prefer that for the superplxel considered as
a unit the average quantity of the second primary color
applied be substantially at least 1.2 times the predeter-
mined quantity of ink for the first primary. This corre-
sponds to a preference that the average quantity of all
colbrs applied to represent a single secondary be substan-
tially at least 2.2 times that same predetermined quantity
of ink. _. -

Our invention is not, however, limited to develophent
of such values. For example, for special purposes proper
fractions (values less than one) -- or fractional values
within even 0.1 of integral numbers -- can,Lbe developed as
well.
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For best economics and performance we also prefer
that the method .of this second facet or aspect of our
invention further comprise the step of establishing at
least.one certain primary or secondary color that does not
receive superpixel treatment for at least one printing
medium. In this same context, if the specific desired
primary or secondary is one which it has been established
does not receive superpixel treatment for said given
. printing medium, then we prefer that the .method also

include applying to that particular pixel individually, in
.the given image on the given printing med%um, a number of
drops of ink predetermined for the desired primary or
secondary in_conjunctidn with the given priﬁting medium.

This preference is significant. As mentioned earlier
the use of incremented inking above two drops per pixel
for all colors tends to produce needless added inte;pass
time, finished-product drying time, and yet still a sig-
nificant risk of objectionable bleed and blocking. '

In preferred embodiments of a third aspect or facet
of our invgntion} the inventién is a method of printing
color images by construction from individual ink drops
deposited in pixel arrays. The method includes the step
of establishing at léast one certain primary or secondary
color that is printed as, in effect, a nonintegral number
of ink drops -- the nonintegral number being greater than
one.

The method also comprises the steps of receiving
information about a given desired image to be printed on a
given printing medium; and determining for each particular
pixel, in the given désired image, a specific desired
primary or secondary color. If the specific desired
primary is one which it has been established is printed
as, in effect, a nonintegral number, greater than one, of
drops, then the method proceeds to an additional step of
applying to that particular pixel efféctivély a noninte-
gral number, greater than one, of drops of ink predeter-

mined for the desired primary or secondary.
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This foregoing description may represﬁnt the broadest
or most general description or dgfiniticn of the third
aspect or facet of our invention. Even in this broad
general form it can be seen to make a significant contri-
bution to resolving previously discussed problems of the
prior art. '

For example, in addition to-varigus benefits already
discussed in relation to the superpikel aspects of our
invention, nonintegral-drop usage has the distinct benefit
-= in comparison with using the next higher integral value
for a particular primary-color quantity -- of saving very
signifiéant quantities of ink. Pen life can be extended
~materially, for instance, but printing 2.5 drops for red
rather than 3.0 drops. '

Here again, however, for optimum enjoyment of the
benefits of this third facet of the invention there are
‘'some distinctly preferable modes of practice. In particu-
lar we prefer that the applying step comprise applying a
respective integral number of drops of ink to each pixel
in a plurality of pixels associated with that particular
pixel -- that is, a superpixel as introduced above., The
respective integral numbers preferably are at least one
for each pixel, and at least two for at least one pixel of
the plurality; as a result, over the plurality of pixels
the average number of drops of ink per pixel exceeds one
and is nonintegral. _

We prefer that the plurality of pixels further com-
prise at least one pixel that is nearby -- and more pref-
erably adjacent to -- the particular pixel. We also
prefer that the superpixel consist of the "particular”
pixel and three other adjacent pixels; and as noted earli-
er we prefer to ﬁse'a two-by-two cluster, with the number
of drops applied in pixels at opposite corners of the
cluster being the same. The proportions indicated as
preferable in connection with the second facet of our
invention are correépondingly preferable in conjunction
with this third facet. )



Substitute sheet - 22 August 1996
-24-

All of the foregoing operatioconal principles and
advantages of the present invention will be more fully
appreciated upon consideration of the following detailed
description, with reference to the appended drawings, of
which: '

E IPTION OF TH RAWINGS

Fig. 1 is a pixel-array diagram showing a preferred
two-by-two superpixel structure as used for printing red
"on a glossy medium; .

Fig. 2 is a pixel-array diagram showing the Fig. 1-
superpixel structure and usage as part of a larger pixel
matrix;

Figs. 3b and 3g ‘are diagrams like Fig. 1 and showing
~the same structure -- but as used for printing blue and
green, respectively, on a transparent medium;

Fig. 4 is another pixel-array diagram showing an
alternative linear superpixel structure;

Fig. 5§ is still another pixel-array diagram showing
another alternative superpixel structure;

Fig. 6 is a representation of a single pixel as used
for printing red on a transparent medium;

Fig. 7 is a block diagram showing the portion of a
printing apparatus in which the method of the present
invention operates; and

Fig. 8 is a flow chart illustrating operation of the
present invention in a printiﬁg systenm.

DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a particularly ﬁreferred embodi-
ment of our invention which incorporates all three of its

main aspects or facets. Here a superp1xe1 is used to
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provide a number of drops per pixel which is both nonin-
tegral and larger than two.

This structure as used in the manner specifically
illustrated in Fig. 1 is particularly advantageous for
printing red on glossy media. Each letter "Y" and "M"
shown inside each cell or pixel location 11 through 14 of
the superpixel represents a single drop of yellow or '
magenta ink respectively.

Thus the pixels at opposite corners 11 and 14, 12 and
13 of this superpixel are inked identically. More specif-
ically, one pair of opposite-corner pixels 12, 13 receives
one drop per pixel of yellow and magenta ink; whereas the
other opposite—cofner pixel pair 11, 14 receives one drop
per pixel of yellow but two of magenta.

Accordingly, considering the inking over the super-
pixel as a whole, the average number of drops per pixel
for a first primary (yellow) is one, and -for a second
primary (magenta)'is one and a half (1.5). The average
number of drops, ﬁithout regard to color, is therefore two
and a half (2.5). | i ' .

' Expresséd in terms of relative quantities, and taking
all drops as substantially the same size, the average
quantity of the second primary is one and a hﬁlf (1.5)

" times the average quantity of the first primary. 1In other
words the system uses a 1.5:1 ratio of primary quaﬂtities.
' Now when the superpixel shown in Fig. 1 is used to

fill a field -- that is to say, some extended-aresa portion

of an’image, which portion is desired to appear red --
the basic superpixel structure is repeated in both orthog-
onal directions, checkerboard fashion. Fig. 2 shows the
result.

This is in é sense the most common case, since it may
be relatively rare for any color to be printed at only a
single isolated pixel. In the instance of such an iso-
lated pixel, and along the edges of a field as well, the
precise proportions of the primaries employed are of

relétively much less importance -- because the visual
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angle subtended by an isolated pixel, or an edge as such,
is intrinsically very small and therefore inconspicuous.

For all such circumstances we thus prefer to simply
provide some arbitrary rule or rules for establishing how
the pattern is cut off geometrically, if it is a repeti-
tive pattern as in Fig. 2 ~- or what ink proportions are
used in an individual pixel if what is called for is in
fact an isolated pixel. One such rule that could be
applied for both cases is to make the first, leading pixel
11 in a corner of such a field (and an isdléted pixel as
well) as "YM", and to élloq the last or trailing pixels
along all edges of the field to be whichever pattern --
"YM" or "YMM" -- happens to fall in those positions.. '

We do not favor that particular rule, because at_-
least under unusual circumstances it could lead to unde-
sirable overconcentrations or underconcentrations of
magenta in certain patterns. Such effects can arise as
interference effects when the periodicity of a small
feature of an input - -image happens to be closély related to.
the periodicity within the superpixel.

A very different candidate for a superpixel-printing
rule is to print alternating rows -of two-drop and three-
drop cells. We experimented with this kind of implementa-
tion and found it unsatisfactory: it produced a conspicu-
ous layered or rowed effect which was quite unnatural and
unpleasant to most of our observers.

The technique we prefer is to use the éheckerboard
superpixél pattern mentioned above,.and to establish, in a
~virtual sense, that pattern over the entire image area --
that is to say, over the entire pixel array. This is
readily done simply by specifying, for example, that every
odd pixel in every odd row, and every even pixel in every
even row, is a "YM"; and every remaining pixel is a "YMM" .

Then whenever the rendition stage calls for red on a
glossy printing medium (other than transparency film), in
a particular pixel, the system simply utilizes that under-
lying or virtual pattern as a template or specification of

what to print 'in that particular pixel. This permits
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unambiguous determination of the desired inking for even
an isolated single pixel, and may minimize the likelihood
. of color moire patterns and like interference-derived
effects.

Again, the checkerboard itself is is always fixed
relative to the overall image or page, not the data.
Although this mode of implementation is not perfect, and
sometimes the checkerboard effect itself can be seen, we
consider this mode much better than all alternatives which
we tested. _ '

In the language common to the color industry, in our
system both the glossy and transparency modes use a six-
pass, one-third-density-per-pass print mode, completing
100% density after the third pass and 200% density after
the sixth. This print mode uses ninety-six nozzles of the
pen, and advances sixteen nozzles per pass..

Internally to the microprocessor operation, our two-
primary~-drop pixels -- within nonintegral-drop superpixels
| == are pfoduced by first-assigning three primary drops to
ali the pixels of the superpixel, and then stripping a bit
from gspecified three-primary-drop pixels. Our system
always performs any such data stripping (to obtain fewer
than three drops in a single pixel) after the third pass;
therefore the system always applies at least one drop of
each primary that is to be used.

Figs. 3g and 3b show how the same principle can be
used in optimizing the printing of green and blue, respec-
tively, on transparency film. As before, opposite-corner
pairs 11 and 14, 12 and 13 are treated the same -- but now
for green (Fig. 3g) the second primary is cyan ("C")
rather than magenta. )

The preferred opposite-corner treatment is also
analogous for blue, but in this instance the first primary
is magenta and the second cyan. For filling a field, both
these superpixel utilizations (Figs. 3b and 3g) are re-
peated, analogously to the arrangement of Fig. 2.

The accompanying table describes the drop combina-

tions which we prefer for all eight possible pixel colors.
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A four-pixel grid is shown merely to demonstrate the

alternating-strip checkerboard -- where it is used.

des-
sired
~color
white
cyan
magenta

yellow

red

green

blue

black

four

pixel

§amgle

W
w

W
w.

after
third

pass

wd
-

™M ™
™ Y™

YC YC

YC YC-

. MC MC

MC MC

N A
AN ®

glossy
medium
after
sixth
pass |

CcC CC
CC CC

MM MM
MM MM
YY YY
YY YY

YMM M
™ YMM

YC YC
YC YC

MC MC
MC MC

~
~

trans-

parency

after

sixth

pass notes

CC CC . primaries are 2-drop
CC CC (200%; no stripping)

MM MM - primaries are 2-drop
MM MM (200%; no stripping)
YY YY primaries are 2-drop

YY YY (200%; no stripping)

YMM YMM gléssy: 250%, alter-

MM YMM nate strip;
transparency:  300%,
strip Y

YCC YC glossy: 200%, strip
YC YCC both Y and C;
transparency: 250%,
"alternate strip

MCC MC glossy: 200%, strip

MC MCC both C and M;
'transparency: 250%,
alternate strip

KK KK glossy: 100%,
KK KK stripped;
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transparency: 200%,
not stripped.

Equal opposite-corner usage is not a requirement of this
system. In fact, for other dye loadings in the inks it could
be entirely reasonable to have three "YCC" pixels and only one
"YC" pixel in each superpixel, yielding an average 1.75:1
rather than 1.5:1 ratio of cyan to yellow. As will be clear
to those skilled in this field, entirely different hue rela-
tionships will be produced if ink compositions are held
unchanged. . - ,

_ Alternatively one "YCC" pixel could be used for each
three "YC" pixels, for a 1.25:1 ratio corresponding to a red
intgrmediate in orangeness between the hues obtained with 1:1
and 1.5:1 respectively. Still other options'include three
"YC" pixels and one "Y" pixel, providing a cyan-to-yellow
ratio of 4:3 or 1.33:1 with lower saturation. In the context
of different dye loadings, a system can equally well support
proper-fractional values -- as for example through use of
three "YC" pixels and one "C" pixel, yielding a 3:4 or 0.75:1
ratio of cyan to yellow, a shade entirely different from those
suggested above.

Fig. 4 illustrates that a superpixel can be formed with a
pseudo-one-dimensional or in any event linear structure. Here
a 1:33.1 magenta-to-yellow ratio is produced in a three-cell
superpixel, with one cell used as "YCC" and the other two
filled with "YC"; the result is four units of cyan to three of
yellow, 4:3 = 1.33.1. Reversing the relative number of these
.two usages (inking two cells as "YCC" and one as "YC") gives a
5:3 or 1.67:1 ratio.

Fig. 5 illustrates a six-cell superpixel that can be used
to yield interprimary ratios such as 1.17:1, 1.83:1 etc. (with
total number of drops averaging 2.17, 2.83 etc. resﬁectively).
usable for various dye-loading environments in conjunction
with various media.

' Fig. 6 for definiteness illustrates odr preferred inking
for red on-transparencies. One yellow and two magenta drops,

represented as "YMM", produce a red hue that is improved in
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relation to that obtained from the "YM" application used in
the earlier printer discussed above. '

Fig. 7 shows how the color-to-ink mapping system of our
invention fits into the larger scheme of operation of a color
printer. As seen, an image source 31 (which may include a
color-matching function as suggested by the presence of a
video monitor 32) feeds an optional color-compensation
stage 33. )

Signals from the stage next enter the rendition module
34. _Finally'the renditioh stage drives our primary/secondary
color~-te-ink mapping system 35, which in turn fires the pens
35 to apply ink to the paper 37. The pens 36 are driven
mechanically relative to the paper 37 in two orthoéonal direc:
tions (one of which may be effected by motion of the paper 37
if preferred), as represented in the drawing by the two
double-headed arrows 38. .

As described in some of the aforementioned related paten-
documents, color compensation and rendition are advantageousl:
but not neécessarily integrated. Such an integrated system
optionally can take into account and even incorporate the
operations of our primary/secondary—eolor—te-ink mapping
system as well.

Fig. 8 represents the decision-making processes performe:
by a programmed digital microprocessor in the automated
practice of our invention. A particularly central function o
‘this algorithm is the above-mentioned data stripping to
implement the cell-inking tabulation presented earlier.

With the foregoing text as orientation, this diagram wil:
be self explanatory to a person skilled in the field of
programming firmware programming. It will be particularly
clear to a person skilled in such programming for operation o!
pixel-array celor printers.

In selecting the specific inking proportions -- or as we
sometimes call them, color printing "modes” -- introduced
above, we took into account several kinds of available data.
These data included complete color-space.information for each

trial, subjective opinions on how the colors looked, and
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printing done at low temperature to accentuate undesicrable
banding and low optical density. .

We used both user and diagnostic plots. As the quantita-
tive results suggest, red was the most difficult color to
adequately represgnt for good saturation. +{Some workers in
the color industry would express this in the terminology "the
most difficult color to fully deplete”.) Iﬂ fact we were not
able to fully saturate red on transparencies even at three
drops . per pixel; additional ink could be applied for this
purpose, but we consider use of three drops to be the optimum
cost-effective tradeoff. ' '

Afternextensive testing we have found that these print
modes provide an excellent compromise between (1) printing and
drying times and (2) blocking, bleed, color transfer ahd ink
- usage. Among other fa?érable results is good mileage from

each pen before ink exhaustion.

It will be understood that the foregoing disclosure is
intended to be merely exemplary, and not to limit the scope of
the invention -- which is to.be determined by reference to the

appended claims.
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WHAT IS CLATIMED TS:

1. A method of printing chromatic color images by binary
construction from~individual ink drdps deposited ia pixel
arrays; said method comprising the steps of:

establishing at least one certain primary or secondary
chromatic color that is binary-printed as a predetermined,
. fixed number of drops of ink which exceeds two drops per
pixel; :

receiving information about a given desired image to be
printed on a given printing medium;

determining for each particular pixél. in the given
desired image on the given printing medium, a specific desired
primary or secondary chromatic color; and-

if the specific desired primary or secondary is one which
it has been established is printed as two drops of ink per
pixel, then applying to that particular pixel or one or more
closely associated pixels said predetermined, fixed number of
drops which exceeds two drops of ink per pixel. .

2. ' The method of claim 1, particularly for use in a three-
bit-binary color-reproduction system using said binary con-
struction for each of three independent chromatic inks, and
. wherein: .
the determining step comprises resolving chromatic infor-
mation about the given desired image at said particular pixel
into said three-bit-color system, incorporating influence from
other pixels nearby, and selecting exactly one single primary
or secondary color for printing at said pafticular pixel; and
said appliing step is exclusive of printing any other

primary or secondary color at that particular pixel.

[

T
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3. The method of claim 2, wherein:.
said predetermined, fixed number of drops is three; and
the applying step comprises applying three drops of ink
in that particular pixel. '

- -

+. The method of claim 3, wherein:

the establishing step establishes that red is'printed as
more than two drops of ink; and

the applying step comprises printing red as one drop of

yellow ink and two drops of magenta ink.

5. 'The method of claim 2, wherein:-

said predetermined, fixed number of drops is nonintegral;
and '

the applying step comprises applying a nonihtegral_number
of drops of ink, on the average, over a cluster of pixels
associated with that particular pixel; said nonintegral number

being larger than two.

N
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0. A mecnoa of printing canromatic color images Sn differeac
printing media by construction from individual ink drops
deposited in pixel arrays; éaid different printing media
having the property of producing respective different color
appearances in response to application of ink, even when ink
of the same colors is applied in the same quantities; said
method comp:isihg the steps of:-

'estabLishing at least one certain primary or secondary
chromatic color, but no other hue, that receives postrendition
superpixel treatment for at least one printing medium;

receiving information about a given;desirgd image to be
printed on a given printing mediunm; . _

through a rendition process determining for each particu-
lar pixel, in the given desired image on the given printing
medium, a specific desired primary or secondary chromatic -
color, but no other hue; and - .

if the specific desired primary or secondary is one which-
it ha; been established receives postrendition superpixel .

treatment for the given printing medium, then:

defiﬁing a superpixel that consists of a plurality
of pixels associated with said particular pixel, and

applying to each of the pixels in that superpixel,
on the given printing medium, a reépective number of
drops .of ink predetermined for the desired priﬁary or
secondary chromatic color in conjunction with the given

printing medium.

7. The method of claim 6, further comprising:
determining, for each medium to be used, whether the
specific desired primary or secondary chromatic color is one

which receives superpixel treatment.
-

I
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8.

The method df claim 6, wherein the superpixel consists
of:

said particular pixel; and

at least one other nearby pixel.

—_—

Wy
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Y. The method of claim ®., wherein:

if the given printing medium is a nontransparent glossy
medium, then said first primary color is yellow and said at
least one -color that receives superpixel treatment is red and
said second primamry color is magenta; and

.if the given printing medium is transparency film, then
said at least one coler that receives superpixel treatment
comprises:

green, for which said first primary color is yellow
and said second primary color is cyan, and

blue, for which said first primary color is magenta
and said second primary color is cyan.

,

I@. The method of élaim 6, wherein: _

each of at least one pixel of the superpixel receives a
predetermined quantity of .ink of a first primary color and at-
least the same quantity of ink of a second primary color; and
| each of at least one other pixel of the cluster receives
substantially the same quantity of ink of the first primary
color and substantially at least twice that same quantity of
ink of said second primary color;

wherein for the superpixel considered as a unit the
average quahtity of said second primary color applied is
substantially at least 1.2 times said predetermined quantity
of ink, and the average gquantity of all colors applied is

substantially at least 2.2 times said predetermined quantity
of ink.

/

| WAL
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", the method of claim &, further comprising the steps af:

establishing at least one cecrtain primary or secondary
color that does not receive superpixel treatment for at least
one printing medium; énd . .

if the specific desired primary or secondary is one whic!
it has been established does not receive superpixel treatment
for said given printing medium, then applyirng to that particu-
“lar pixel individually, in the given image on the giveh print-
ing medium, a2 number of draops of ink predeﬁermined for the
desired primary or secondary in conjunction with the given

- printing medium.

RO D I
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14, A method of printing chromatic color images by coastruc-
tion from iLndividual ihk drops depositea in pixel arrays; said
method comprising the steps of: _ '
establishing at least one certain primary or secondacy
chromatic color that is printed as, in effect, a nonintegral
" pumber of ink drops, said nonintegral number being grééter
than one; _ '
receiving information about a given desired image to be
printed on a given printing medium; ’
determining for each particular pixel, in the given
desired image, a specific desired primary or secondary
chromatic color; and
if the specific desired primary is one which it has been
established is printed by, in effect, a number of drops that
is nonintegral and greater than one, then applying to that
particular pixel effectively a nonintegral number, greater
than one, 6f drops of ink predetermined. for the desired

primary or secondary chromatic color.

13, The method of claim !2, wherein: )
' the applying step comprises applying a respective inte-
gral number of drops of ink to each pixel in a plurality of
pixels associated with that particular pixel, said respective
integral number being: at least one for each pixel, and at
least two, fof at least one pixel of the plurality;

whereby, over the plurality of pixels, the average number
of drops is greater than one and nodintegral. '

_

N O O
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i4, The method of claim !3, wherein:
the superpixel is a two-by-two cluster of pixels.

—_—

A 0 0
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ABSTRACT

INKING FOR COLOR-INKJET PRINTERS, USING NON--INTEGRAL
DROP AVERAGES, MEDIA-VARYING INKING, OR MORE THAN 2
DROPS/PIXEL '

A method of printing chromatic colour images by binary
construction from individual ink drops deposited in pixel
arrays is disclosed. The method comprises establishing at
least cone primary or secondary chromatic colour requiring
binary printing as a predetermined f£ixed number of drops of
ink exceeding two per pixel, receiving information about a
desired image to be printed, determining for each pixel of
the image a specific primary or secondary colour, and; if

- the determined colour is an established colour requiring

15

20

binary printing as a predetermined fixed number of drops
exceeding two per pixel, applying to that pixel the
predetermined fixed number of drops of ink. The wethed can
use three bit-binary colour-reproduction systems with three
independent chromatic inks, alsc the influence of
neighbouring pixels and different printing media properties
can be taken into account. Further, the . established
colour(s) may be determined to . require postrendition
superpixel trsatment. '

(Figure 8)
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INKING FOR COLOR-INKJET PRINTERS, USING NON-INTEGRAL DROP
AVERAGES, MEDIA-VARYING INKING, OR MORE THAN TWO
DROPS/PIXEL

RELATED PATENT DOCUMENTS

This is a continuation-in-part of U.S. utility patent 5, 633,662, filed August 5,
1992, in the name of William J. Allen. That document in its entirety is incorporated by
reference into this one.

Related copending patents commonly owned by the assignee of the present
document and also incorporated by reference in their entirety into this application are U.S.
utility patents 5, 333,243, 5, 377,024 and 5, 677,716.

BACKGROUND

1.  FIELD OF THE INVENTION

This invention relates generally to printing color images by construction from
- individual ink drops deposited in pixel arrays; and more particularly to creation of such
~ images by inkjet operation on a printing medium whose hue or saturation response, or
both, depart from the responses of ordinary paper. Certain aspects of our invention are
particularly pertinent to binary printing operation, and
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