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The present invention relates to a method of printing images with economy of
printing materia), for use with color or monochrome printers that operate by means of a
raster, such as ink jet printers or laser printers, and also thermal or electrostatic printers.
The invention also relates to a printer of the above-specified type enabling such a method

10 to be implemented. '

With raster-printing printers, a matrix of elementary points is created in memory on
the basis of input image data. Each matrix point is indexed to a determined point of the
print output raster. it has a binary value that determines whether the corresponding point
in the raster is to be inked (a printed point or *dot*) or left white (a blank point).

1S Input image data is generally of three types: vectors, gray-level rasters, and binary
rasters.

Data in vector form defines lines to be printed by specifying a start point and an
end point in a coordinate plane.

Data in gray-level raster form defines a mosaic of image points in a matrix that is

20 configured in rows and columns, where each element has an intensity value allocated
thereto in the range white to black.

Data in binary form is made up into rasters as in the preceding case, but there are
only two possible values for each point of the image, corresponding either to a point that
is printed as a dot or to a point in the raster image that is left blank. A half-tone

25 appearance can be rendered by modulating the density of printed points.

In certain applications, it is often necessary to print several drafts for visual
inspection before printing a final version. For printing dratfts, it is common-place to use
draft-mode printing, i.e. printing at relatively low print density so as to reduce the running
cost of the printer and also extend the number of sheets it can print.

30 Numerous known printing methods exist for reducing consumption of printing
material in an economic print mode.

For example, it is proposed in document JP-A-52 61973 to define a print zone in
the form of a matrix of image points over which a pattemed mask is superposed
electronically to prevent certain points being printed, depending on the pattern.
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5 the points that are to be prmted, there is the risk of completely deleting from the printed
output certain patterns defined by fine rows or by isolated points.
| Other known methods operate by selectively eliminating points for printing by
taking account of the immediate graphics environment, in order to reduce the risk of
unwanted deletion.

10 For exampie, document US-A-5 390 290 proposes an ink-saving print method in
which one point out of every three points to be printed is eliminated from a matrix of
points according to the following rule: for three, not necessarily consecutive, points to be
printed, the first point is retained, and the second and third points are eliminated and
replaced by a new point situated halfway between the two points that are eliminated.

15 in another method described in document US-A-5 270 728, seeking in particular to .
avoid unnecessary overlap between printed dots, every other point is eliminated in each

consecutive run of points to be printed along each row, with odd rows being scanned in
one direction and even rows in the opposite direction.

There also exist printing methods which seek more specifically to reduce printing

20 time, either by spacing out dots or by eliminating a fraction of them using criteria
analogous to those described above.

All of those known methods eliminate image points from the matrix of binary points
formed from input graphics data. However, the process whereby a matrix of binary points
is formed, particularty from graphics data in the form of vectors or rasters of gray levels,

25 itself gives rise to a certain amount of degradation of image information, since it proceeds
by approximation. Eliminating points from the matrix can only accentuate that degradation
of information.

As a result, during printing, prior art techniques lead all too often to fine rows or to
sets of isolated points being lost. However, it is important to be able to reproduce pattermns

30 of that kind reliably, even in print economy mode. This applies particularly to images
having a high concentration of details carrying technical information, in particutar in
engineering, e.g. for printing electronic circuit layouts.

Furthermore, determining which points to eliminate from the matrix of points
requires considerable amounts of computation time and of memory space, which
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The object of the invention is to make it possible, in a draft print mode, to print
images with considerable savings of printing material, while ensuring that all of the

essential elements in the supplied image data are reproduced, the method also being

5 fast, and sparing in memory space requirements.

To this end, the invention provides a method of printing raster images while
economizing printing material, from input image data corresponding to a predetermined
original format, the method being characterized in that it comprises the following
successive steps:

10 ° reducing the input image relative to the original format;

° on the basis of the reduced-scale image, forming a raster of image points each
defining either a point to be printed or a blank point of the rasterized image;

° enlarging said raster of points to retum to the original format by inserting blank
image points in the reduced raster by a predetermined filling procedure; and '

15 - ® printing the image on the basis of the point raster enlarged to the original format.
1t will be observed that the method of the invention makes it possible to operate on
an image of reduced size, thereby reducing both the processing time necessary and
memory capacity required for the step of forming the point matrix.

The savings in printing material come from the reduction of the input image which,

20 since it has a format that is smaller in terms of image area, makes it possible to obtain a
corresponding reduction in consumption of printing material. Energy savings are
particularly significant with thermal printers.

Reducing the input image does indeed lead to an inevitable loss of definition.
However, the image retains the essence of its information content, thereby making it

25  possible to maintain sufficient image quality in the output print, e.g. to verify its graphics
content and layout.

Also, the method does not require points for printing to be eliminated from the
point matrix, as is the case with conventional printing techniques for economizing print. As
a result, the graphics information is better restored in the printed image.

30 The input image is advantageously reduced by a scaie factor of n, where nis a
real number.

For a relatively simple implementation of the invention, the scale factor n can be
an integer equal to or greater than 2, and preferably equal to 2.

When the scale factor n is an integer, the step of enlarging the raster may consist
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dots actually printed. In next another nethod described in docunent

EP- A-582 434, the raster data are depleted in horizontal direction (dot
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in. 5  reduction step may consist in dividing the_ definition of the input image by n.

When the input data is in the form of a raster, the reduction step may consist in
forming a reduced raster in which each point is given a representative value based on the
data in a neighborhood zone of the input raster and having topographical correspondence
with the point. Several techniques that are known per se may be empioyed for this

10  purpose.

In a preferred embodiment of the invention, this neighborhood zone is constituted
by an n x n block of points constituted by n contiguous image points in the row direction
and n contiguous points in the column direction of the input raster.

When the input raster is a gray-level raster, the representative value may be an

15  average of the gray levels in the neighborhood zone.

When the input raster is a binary raster in which each point has one or the other of
two values defining a point to be printed and a blank point, the representative value is
advantageously derived from the points in the neighborhood zone in such a manner as to
avoid eliminating fine pattems. When the neighborhood zone is a 2 x 2 point block, the

20  representative vaiue corresponds, for example, to a point to be printed if half or more of
the points in the block are points to be printed, and otherwise it corresponds to a blank
point. It is preferable, however, for the representative value to be calculated so as to g|ve
the representative vaiue the value of a point to be printed when :

~ ° half or more of the points of the biock define a point to be printed; or

25 ¢ one point only of the block is a point to be printed and the block is the N.m-th
block in a run of not-necessarily consecutive blocks each containing only one point to be
printed, where the blocks are counted by any systematic counting technique, where N is a
run of integers 1, 2, 3, ..., and where mis a predetermined integer such that the reduced
raster includes one point to be printed for each set of m input raster biocks containing

30 only one point to be printed in each block, in order to avoid systematically eliminating
isolated points to be printed in the input raster.

Under such circumstances, the number m is preferably equal to 4.

This variant is particularly eftective when the binary input rasters contain
numerous isolated points for printing which would otherwise run the risk of being



the center, to performdot reduction dn the *basis of detected edge
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moduiation of the points to be printed (dithering), which gives rise to rather a larger
number of isolated points for printing.

5 Using the values n = 2 and m = 4, one in four of the isolated points in the binary
raster will still be printed. It is thus possible to maintain a printing material saving of 75%
while retaining a sufficiently large number of isolated points for them to reproduce
satisfactorily the half-tone appearance of the original image.

For color printing, the steps of reducing the image, of forming the raster of points,
10 and of enlarging the raster can be performed for each color component, and possibly also
the black component, of the image to be printed.
The invention also provides apparatus for printing raster images while
economizing print, based on the _above method.
The invention will be better understood and the advantages that stem therefrom
15  will appear more clearly on reading the embodiments described below by way of non-
limiting indication and with reference to the accompanying drawings, in which:
° Figure 1 is a highly diagrammatic representation of a print head of an ink-jet
printer;
® Figure 2 is a diagram showing a portion of the ink-jet printer including the print
20 head of Figure 1;
° Figure 3A shows a vector pattern in a coordinate plane and as defined by input
image data;
° Figure 3B shows the Figure 3A vector pattern after scale reduction by a factor of
2;
25 ° Figure 3C shows a matrix of binary points formed from the reduced vector
pattern of Figure 3B;
® Figure 4A shows a gray-level graphics pattern;
° Figure 4B shows a raster defined by the input image data corresponding to the
gray-level pattern of Figure 4A;
30 ® Figure 4C shows the gray-level raster of Figure 4B after scale reduction bya
tactor of 2;
® Figure 5A shows a binary raster;
® Figure 5B shows the binary raster of Figure SA after scale reduction performed
in accordance with an impiementation of the invention;
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invention;

° Figure 8A is an example of an image printed on an ink-jet printer in a print mode
without reduction of the number of points to be printed; and

° Figure 8B is an example of an image that was originally identical to that of Figure
8A but printed while economizing print in application of the present invention.

10 Betore explaining embodiments of the print method of the present invention in
detall, the characteristics of an ink-jet printer with which the method can be used are
described briefly, it being recalled that the method can be implemented with other types of
printers, in particular laser printers or electrostatic or thermal printers.

Figures 1 and 2 are highly diagrammatic representations respectively of a print

15 head 10 of an ink-jet printer, and of the portion of the printer in which the head is located.

The print head 10 comprises a line of nozzles 11, each capabie of ejecting
independently and in controlled manner a droptet of ink onto a print medium 12, e.g. a
sheet of paper. The print head 10 is movable in an X direction along a beam 14 which
extends transversely relative 1o the sheet 12. The sheet is displaced in a Y direction

20 perpendicularly to the X direction. The line of nozzles 11 in the print head extends in the Y
direction. It may alternatively be silightly inclined relative to this direction.

An image is reproduced by scanning successive strips B of width L by moving the
head 10 along the X direction (main scan). During a scan pass, ink ejection is controlied
to reproduce the desired image in the form of ink dots. After each pass, the number of

25 rows of points is equal to the number of nozzles 11, and definition in the Y direction is
determined by the pitch p of the nozzies. After each pass, the sheet 12 is advanced in the
-Y direction (secondary scan) and the print head 10 is caused to perform a new scan
pass.

The displacements of the print head 10 and of the sheet 12, and the ejection of ink

30 are all performed by means that are well known and which need not be described herein.

The input image data can be encoded in vector form, in gray-level raster form, or
in binary raster form. The main characteristics of each of these forms of encoding are
briefly explained below.

Figure 3A is a graphical representation of an example of data in vector form. The
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mathematically by the expression {(X0i, Y0i), (X1i, Y1), i = 1, I} where 0 is the start point,

1 is the end point, and j is the vector indeXx. '

10 in the example of Figure 3A, crosses in some of the cells indicate vector start or
end points. The coordinates of some of the points are given in parentheses. The vectors
may also define a single point in the coordinate matrix to cause a single dot to be printed
at the corresponding point of the medium. In this case, the start and end points of the
vector coincide (isolated crosses in Figure 3A).

15 Figure 4B shows data encoded in the form of a gray-level raster from the pattern
of Figure 4A. The raster is constituted by addressable image points configured in rows
and columns. Each point is given a value 0 to 15 as a function of its darkness (in the
example, the value 0", which corresponds to a blank point, is not shown). Each image
point corresponds to a predetermined point to be printed on the print medium. The set of

20 image points of the raster, which constitutes a map of the image of Figure 4A, serves as a
reference for printing.

It will be observed that the unit increment between two adjacent points of the
raster fixes the maximum possible print definition.
Figure SA shows data encoded in binary raster form. The encoding is the same as

25  for a gray-level raster, except that only two values are possible for each image point: "1"
or "0%; corresponding respectively to a point to be printed or to a blank point. In Figure 5A,
raster image points having the value “1* are printed black. Naturally, the above specified
correspondence can be inverted, depending on the protocol selected.

With reterence to Figure 6, there follows an explanation of the main steps of

30  printing at a normal inking density with the printer operating conventionally, as a function
of the above three types of input graphics data.

When the graphics data is in the form of vectors, the vectors are conveyed to a
binary rastering unit 20. This unit 20 subdivides the (X, Y) coordinate plane (Figure 3A)
into image points or pixels by giving each cell in the (X, Y) coordinate plane a binary



correspondi ng reduction in consunption of printing material. Energy savings
3a are particularly significant with thermal printers. Reducing the input
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matrix that are crossed by a vector, and also to those containing a vector start point or
end point. All other cells of the coordinate matrix are given the binary vatue "0". The
method of transforming vectors into a binary raster is known per se. The Breshenam

5 algorithm is often used for this purpose.

The binary values caiculated in this way are stored in a point matrix memory 22
where they are indexed in a manner that maintains the topography and the scale of the
vector coordinate matrix. To this end, the point matrix memory 22 defines an array of
rows and columns of cells that correspond to the extracted binary raster.

10 Cell data is read from the point matrix memory 22 row by row into a buftered
memory 24, from which it is transmitted in the form of print data to print control units.

The sequence of data along each row of the point matrix memory corresponds to
a sequence of print points in the X direction of the head 10, and the sequence of data in
each column corresponds to a sequence of print points in the Y direction of the medium

1S 12 (Figures 1 and 2).

When the input data is in the form of a gray-level raster, the raster is initially
converted into half-tones by processing in a conversion unit so as 1o be transformed into
a binary raster 26 having the same scale as the original raster in terms of number of
image points. Methods for converting gray-level rasters into binary rasters are well known.

20 For example, it is possible to use space modulation which consists in defining areas
formed by groups of binary points, each area containing a number of points to be printed
that is a function of the gray levef to be reproduced.

The points of the binary raster formed in this way are transmitted to the point
matrix memory 22 from which they are subsequently read as in the preceding case.

25 When the input data is already in the form of a binary raster, it is transmitted
directly to the point matrix memory 22.

An implementation of the printing material-economizing print method of the
invention is explained below as a function of each of the three types of graphics data and -
with reference to the block diagram of Figure 7.

30 In this figure, there can be seen the binary rasterizing unit 20 used for data input in
vector form, the unit 26 for converting a gray-level raster into a binary raster, the point
matrix memory 22, and the buffer memory 24. The operation of these units is the same as
in the case of Figure 6, and it is therefore not described again.

Similarly, consideration is given to three types of graphics input data that are



For a relatively sinple inplenmentation of the invention, the scale factor n
can be an integer equal to or greater than 2, and preferably equal to 2.
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reduction step may consist in dividing the definition of the input inmage by
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raster and having WR&\Otﬂe %gtg rec&lasen ng J tha 9 g%aﬁe for printing with ink economy is in
vector form, the vectors are subjected to scale reduction. In this example, the scale is
5 reduced by a factor of 2 (unit 28). Such scaie reduction is a conventiona) operation which
consists in dividing the coordinates of the start and end points of each vector by the
reduction factor, which is equivalent to dividing the definition of the input image by the
reduction factor. The vectors are then reconstructed on the original coordinate matrix on
the basis of these new coordinates. Starting from the example of Figure 3A, vectors
10  reduced in accordance with this metﬁod are shown in Figure 3B.

Thereatfter, the rasterizing unit 20 forms a binary raster on the basis of the vectors
at reduced scale. The way in which *1" or "0" values are allocated to the image elements
in the binary raster is identical to the way this is done for vectors in conventional print
mode, and can therefore be based on the Breshenam algorithm. The binary raster

15 corresponding to the reduced scale vectors is shown in Figure 3C. Compared with the
binary raster obtained from the vectors at the original scale, this raster is reduced by a
factor of 2 in rows and in columns, and the time required to compute the raster is also
reduced by a factor of 2.

The reduced scale raster is transmitted to the point matrix memory 22 from which

20 itis transferred row by row into the buffer memory 24.

However, in order to restore the original image format on printing, the reduced
scale raster is reconfigured by adding blank points in the rows and columns. For this
purpose, the following rules may be adopted :

© a blank point is added between two points in each row of the reduced binary

25 raster; and

° a row of blank points is added between two rows of points in the reduced binary
raster.

In the example, blank points are inserted between two points in each row within
the buffer memory 24. To this end, the bufier memory receives a sequence of *0" binary

30  data from a "0" value insertion unit 30. This unit 30 is controlied by the scale-restoring
control unit 32 so that a "0" value is inserted in alternation with each point along each row.

For example, consider an isclated sequence S1 of eight bits: ...11011101... ina
row of the point matrix stored in the buffer memory 24, the unit 30 transforms the
sequence S1 into the following sequsence S2: ...1010001010100010... .
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gi ve the representatlve val ue t e “val ue
5  value "0", and it has one output from which print data is taken.

The switch 36 connects its output to one or cther of the two inputs at a frequency
which is twice the row transfer frequency from the buffer memory 24. As a result, the print
data output includes one row of "0" value points for each row of data in the buffer memory
24. In the above example, the sequence S2 is thus transformed into a data block S3

10 covering two lines :

...0000000000000000...

...1010001010100010...

it will be observed that the final configuration of the print data does not depend on
the order in which blank rows and columns are inserted. It is also possible to envisage

15  other algorithms for inserting “0" values to expand the configuration of the data in the
point matrix so as to return to the original scale of the input image.

For example, for an image that has been reduced by a factor of 2, it is possible 1o
insert blank points in a staggered row or column pattern in the raster to be printed. The
raster data stored in the memory 24 is then staggered in rows of columns in the rasterto

20  be printed using a complementary pattern.

Compared with normal print mode, the number of points having the value *1”
(corresponding to points to be printed) is reduced by about 75% when the input image is
reduced by a factor equal to 2. This results in a corresponding reduction in the quantity of
printing material used.

25 When the input image data is in gray-level raster form (Figure 4B) the scale of the
data is initially reduced, e.g. by a factor of 2, in a gray-level raster reduction unit 38. This
unit 38 creates a raster at reduced scale by giving each point in this raster a value
representative of the data in a block of four points in the input raster, each block
comprising two contiguous image points in the row direction and two contiguous image

30 points in the column direction thereof. Techniques for reducing the scale of image rasters
are known. In this exampls, the gray-level raster reducing unit 38 determines the above-
mentioned representative value as being the mean of the values of the gray levels of the
elements of the block. This gray-level raster at reduced scale is shown in Figure 4C.

. The reduced scale gray-level raster is then transmitted to the half-tone unit 26



[err] half or nore of the points of the block define a point to be printed,
or 25 [err] one point only of the block is a point to be printed and
the block is the Nmth block in a run of not-necessarily consecutive

bl ocks each containing only one point to be printed, where the bl ocks are
counted by anW&¥86¥%atic counting technique, where N is a r §FTERT43gers
1, 2, 3, ..., and where mis a predeterm ned integer such that the reduced
raster includes one point to be printed for each set of minput raster

bl ocks containing 30 only one point to be printed in each block, in order
to avoid systematically elimnating isolated points to be printed in the

| PUL 1 AST e wnd G putdndl o6 B 2 S tmary (aSrel HAVRE/ i binhe Ricibad @laley equal to

4. This variant is particu arsr% e y I nput rasters

contai n nuner ous Thivhinansmsiesishen raysmitiad:ie thegoin’ matrixpemery 82hEnedae run the
ri sk of Dbei ngom the\ihbridry 26midiRing the binary raster is then read in the buffered memory 24 and

PCT/ 1 B97/ 00243 )
processed by the units 30 to 36 in the same manner as for data in vector form so as to
5 reconstitute a raster at the original scale.
When the image data is already in the form of a binary raster, it is subjected to
scale reduction by a factor of 2 in a binary raster reducing unit 40. This reduction is
~ performed in the same manner as in the raster reducing unit 38 for gray-level rasters,
except that the representative value given to each point in the reduced raster
10  corresponding to a block of four points in the input binary raster is computed in application
of the following rules. The representative value corresponds to a point to be printed, if

i) half or more of the points in the block of four points in the input binary raster are
points to be printed; or

ii) one point only in the block is a point to be printed and the block is the N.m-th

15  block in a run of not-necessarily consecutive blocks each containing only one point to be
printed, using any systematic method of counting blocks, where N is a run of integers 1,
2, 3, ..., and where m is a predetermined integer, preferably equal to 4, i.e. to the square
of the scale reduction factor. '

In all other cases, the representative value corresponds to a blank point.

20 Figure 5B is a diagram showing the binary raster of Figure 5A after scale
reduction in application of the above rules.

The four-point blocks in the input binary raster for which only one point has binary
value "1" are identified in Figure 5A (by ringed numbers). In this example, these blocks
are counted by scanning the rows successively starting from the first. Counting is

25 restricted to the pattern shown and is not re-started for each row or each column,
although that may be done in practice. in general, any counting method can be used for
performing above rule ii), providing it ensures that one isolated point out of every m
isolated points is printed.

in Figure 5B, the points in the binary raster at reduced scale that have been 'given

30  a"1"value by rule ii) are identified by the symbol (0->1). They correspond to each block
identified in Figure 5A by a count value which is a multiple of m = 4.

Counting Is performed by an isolated point éounter unit 42 (Figure 7).

Rule ii), which is optional in the context of the present invention, serves to identify
isolated points in a pattern and to retain one in four. Application of this ruie is



5 systematically elimnated. It often happens that input binary inmge
rasters are thensel ves generated by i mge processing in which a half-tone
appearance i s generated by space nodul ation of the points to be printed
(dithering), which gives rise to rather a larger nunber of isolated points
for printi ngW®9735278  Usi ng t he val ues = 2 and m = 4, onerpCTIBSDONR240f _t he
I sol ated points in the binary raster will still be printed. It is thus
possible to maintain a printing material saving of 75% while retaining a
sufficiently | arge nunber of isolated points for themto reproduce
satisfactorily the hal f-tone appearance of the original |Imge. For col or

printing, the steps of reducing the inmage, of formng the raster of points,
10 and of ¥ %ﬁsm"FQ?P@g“%‘?f'ﬁ?@'%ﬁq‘@? Fuses balt-topesitodsishewa.onponent ,

and possi bl y al s@hbbihalyl rastsr REGEHANE this wél byl thée uhif @IS trhﬂs;uﬁﬁed)&ii'd&ﬁ)?ﬁ-thg he
cconon 21 ng POt A FRerY B8 {riiseker, SatlRencrening s ienticay i Fachoriamesl iphebie ¢ or
under st ood dwd ptecedingloasesages t hat stemt herefrom
5 For a better understanding of the result of printing in ink economy mode (or draft
mode) in accordance with the invention, Figure 8A shows an image that is printed in high
quality mode with an ink-jet printer starting from input image data in the form of a binary
raster, while Figure 8B shows the same image printed in ink-economy mode after
application of above rules i) and ii). it will be observed that the half-tones (obtained by
10 space modulation of points to be printed or "dithering*) are well preserved, in spite of the
large reduction in the quantity of ink used.

The above-described examples of the method of printing with print‘economy are
just as applicable to color printing as to monochrome printing. In color printing, each color
component, and optionally the black component, of a pattern is processed separately and

15 inthe same manner for scale reduction, raster computation, and insertion of blank image
points. ' _

It should also be observed that the scale reduction factor can be any real number,
not necessarily an integer. The invention makes it possibie to use known reduction
algorithms that enable a reduced-scale raster to be computed over a quasi-continuous

20  range of reduction factors starting from image data in vector or raster form. More
generally, the present invention can be implemented with any image reduction technique,
it being understood that reduction by an integer scale factor, and in particular a factor
equal to two, requires computation that is relatively simple and fast and provides the
desired savings of print and of energy without degrading the information content of the

25  image unacceptably.

Finally, the point matrix computed from the reduced scale image may be other than
binary, e.g. ternary or quaternary, depending on the printing technology used. Each point
of the matrix may then define a value selected from a set of discrete values specifying
either a number of dots to be printed in a zone corresponding to a single print point, or

30 else the size of the dot to be printed, so as to reproduce print points with varying intensity.



15 will appear nore clearly on readi'ng the" enbodi ments described bel ow by
way of non- limting indication and with reference to the acconpanyi ng
drawings, in which: Figure 1 is a highly diagrammtic representation of a
print head of an ink-jet printer; Figure 2 is a diagramshow ng a portion
of the inkjet"@PTIRH including the prinfy 20 head of Fi gurequ’ﬂﬁ’m'gf -
Figure 3A shows a vector pattern in a coordinate and as defined by

i nput i mage data; [erf] Figure 3B shows the Figurg 3% ¥
scal e reduction by a f agikSheetdHas Been Replaced [err]/f Fi

of binary points formed _ ed vector patd : 318
Fi gure 4A shows a gray-| - pattern; Figu B~Shaws..a rgkter
defined by tH«AMSHut ima | ponding to the gray-|evel partern of

Figure 4A;

1. A method of printing raster images while economizing printing material,
starting from input image data corresponding fo a predetermined original format, the
5 method being characterized in that it comprises the following successive steps :
® reducing the input image relative to the original format;
° on the basis of the reduced-scale image, forming a raster of image points each
defining either a point to be printed or a biank point of the rasterized image;
° enlarging said raster of points to return to the original format by inserting blank
10 image points in the reduced raster by a predetermined filling procedure; and
° printing the image on the basis of the point raster enlarged to the original format.
2. A method according to claim 1, characterized in that the input image is reduced by
a scale facior of n, where n is a real number greater than 1.
3. A method according to claim 2, characterized in that the number n is an integer
15 number greater than or equal to 2. '
4, A method according to claim 3, characterized in that the number n is equal to 2.
5. A method according to claim 3 or 4, characterized in that the raster enlargement
step consists in adding n-1 blank image point(s) between two points in each row of image
points in the reduced raster, and n-1 row(s) of blank points batween two rows of image
20 points of the reduced raster.
6. . A method according to any one of claims 2 to 5, characterized in that, when the
input data is in the form of vectors specified relative to a coordinate plane, the scale
reduction step consists in dividing the input image definition by n.
7. A method according to any one of claims 2 to 5, characterized in that, when the
25 inputdata is in the form of a raster, the scale reduction step consists in forming a reduced
raster in which each point is given a representative value representing the data in a
predetermined neighborhood zone of the input raster and having topographical
correspondence with said point.
8. A method according to claim 7, characterized in that said neighborhood zone is
30 constituted by a block of n x n points constituted by n contiguous image points in the row
direction and n contiguous image points in the column direction of the input raster.
9. A method according to claim 7 or 8, characterized in that, when the input raster is
a gray-level raster, said representative value is an average of the gray level values in said
neighborhood zone.

* A L L] - *



30 [err] Figure 4C shows the gray- IemeSheet&IasBe;enaﬁplﬂﬁFbure 4B after
scal e reduction by a factor of 2; [err] Figu bi nary raster:
[err] Figure 5B shows the bi nary raster of scal e reduction
performed in accordance with an inplenentati on e I nvention; WO

97/ 35278 WO 97/35278 PCT/ <KEABYDG2E3 6
[err] Figure 6 is a bl ock diagram show ng the main steps _of trans orm'_ng

i nput image data for printing w thout reducing the MR s IQI{.' EPOAS BE oj| be
printed; [err] Figure 7 is a block diagram show ng the mah'EPEIAéBB oF
transform ng the input image data for printing V\:hl| ' ng

material, in appl i cation of the present 5 invent
10. A method according to claim 7 or 8, characterized i m that, when the input raster is

a binary raster in which each point has one or the other of two values defining a point to
be printed and a blank point, said representative value is computed as a function of the
points of said neighborhood zone in such a manner as to avoid eliminating fine patterns.

5 11, A method according to claim 8, characterized in that, when the input raster is a
binary raster in which each point has one or the other of two values defining a point to be
printed and a blank point, said neighborhood zone is a 2 x 2 point block and said
representative value corresponds to a point to be printed if half or more of the points of
the block are points to be printed, and corresponds to a blank point otherwise.

10 12, A method according to claim 8, characterized in that, when the input raster is a
binary raster in which each point has one or the other of two values defining a point to be
printed and a blank point, said neighborhood zone is a 2 x 2 point block and said
representative value corresponds to a point to be printed if :

° half or more of the points of the biock define a point to be printed; or

15 ° one point only of the block is a point to be printed and the block is the N.m-th
block in a run of not-necessarily consecutive blocks each containing a single point to be
printed, where the blocks are counted by any systematic counting technique, where Nis a
run of integers 1, 2, 3, ..., and where m is a predetermined integer such that the reduced
raster includes one point to be printed for each set of m input raster blocks containing

20 . only one point to be printed in each block in order to avoid systematically eliminating
isolated points to be printed in the input raster.

13. A method according to claim 12, characterized in that m is equal to 4.
14. A method according to any one of claims 1 to 13, characterized in that, for color
printing, said steps of image reduction, of point raster formation, and of enlarging said

25 raster are performed for each color component and, if needs be, for the black component,
of the image to be printed.

15. Apparatus for printing rasterized images while economizing printing material,
starting from input image data corresponding to a predetermined original format, the
apparatus being characterized in that it comprises :

30 ° means (28, 38, 40) for reducing the input image relative to the original format;

° means (20, 26) for forming a raster of image points on the basis of the reduced-
scale image, each image point defining either a point to be printed or a blank point of the
rasterized image;

° means (30-36, 42) for enlarging the raster of points to return to the original

R



Figure 8A is an exanple of an inmage ptinted'on an ink-jet printer in a
print node wi thout reduction of the nunber of points to be printed; and
Figure 8B Is an exanple of an inage that was originally identical to that
of Figure 8A but printed while econom zing print in application of the
present i nventWeR7/35208 Bef ore expl aji ng enbodi ments of PEHEBSEPRAT -
nmet hod of the present invention in detail, the characteristics of an
ink-jet printer with which the nethod can be used are described briefly, it
being recalled that the nmethod can be inplenented with other types of
printers, in particular |laser printers or electrostatic or thermal
printers. Figures 1 and 2 are_highly diagranmati c rr(wrese tations

respecti vel y '8fmat by insagting Blank image point in e reduced saster by @ Rcpdetermineg fillipg, o
portion of thgogddurd;ahdi N Which the head is located. The print head 10

1 bont rof Led manndPees i1 e peiese o Be pRES FLbe HopiiasEonared $oo:
of paper. Thethpotigihaliferagt. 10 |s novable in an X direction along a beam 14
T & v di rct M ZpPaislfE atrbrBinge st {5, SOsFatGRRh e e FeRREeh, 4 4gjeF 7
nozzl es 11 i nretibsingthe ivputicage aretdasigned to implement reduction by a scale factor of n,
where n is a real number greater than 1.
17.  Apparatus according to claim 16, characterized in that n is an integer number
greater than or equai to 2.
10 18.  Apparatus according to claim 17, characterized in that n is equal to 2.
18.  Apparatus according to claim 17 or 18, characterized in that the means (30, 36,
42) for enlarging the raster operate by inserting n-1 blank image point(s) between two
points in each row of image poini(s) in the reduced raster, and n-1 row(s) of biank points
between two rows of image points in the reduced raster.
1s 20. Apparatus according to any one of claims 16 to 19, characterized in that, when the
input data is in the form of vectors specified relative to a coordinate plane, the means (28)
for reducing scale operate by dividing the definition of the input image by n.
21.  Apparatus according to any one of claims 16 to 19, characterized in that when the
input data is in the form of a raster, the means (38, 40) for reducing scale operate by
20 forming a reduced raster in which a representative value is given to each point
representing data in a predetermined neighborhood zone of the input raster and having
topographical correspondence with said point.
22. Apparatus according to claim 21, characterized in that said neighborhood zone is
constituted by a biack of n x n points constituted by n contiguous image points in the row
25  direction and n contiguous image points in the column direction of the input raster.
23.  Apparatus according to claim 21 or 22, characterized in that, when the input raster
is a gray-level raster, said representative value is an average of the gray level values in
said neighborhood zone.
24. Apparatus according to claim 21 or 22, characterized in that, when the input raster
30 s abinary raster in which each point has one or the other of two values defining a point to
be printed and a blank point, said representative value is computed as a function of the
points of said neighborhood zone in such a manner as to avoid eliminating fine patterns.
25.  Apparatus according to claim 22, characterized in that when the input raster is a
binary raster in which each point has one or the other of two values defining a point to be

[ ———

|



direction. It may alternatively be slightly inclined relative to this
direction. An image is reproduced by scanni ng successive strips B of width
L by nmoving the head 10 along the X direction (main scan). During a scan
pass, ink ejection is controlled to reproduce the desired image in the form
of ink dots. WO9HIS2Bach pass, the nunber of 25 rows of poi necT/iBY/@EREI _t O
the number of nozzles 11, and definition'$in the Y direction is deternined
by the pitch p of the nozzles. After each pass, the sheet 12 is advanced in
the -Y direction (secondary scan) and the print head 10 is caused to
performa new scan pass. The displacenents of the print head 10 and of the
sheet 12, and the ejection of ink 30 are all perforned by neans that are
wel | known cpridtediand b biank goint, sail @eighisarhoduczdnd is'ee2 R 2 pbintblodiParid saiage data can

oo Ve L0yt B BBl el B i o 2
briefly expl|th pleek are points tbe printed and corespoags to adilankdqoint sthetwide, on of an
exanpl e of d@fla iapparas atcdrihgo cldhf 22, characterized in that, when the input raster is a
5 binary raster in which each point has one or the other of two values defining a point to be
printed and a blank point, said neighborhood zone is a 2 x 2 point block and said
representative value corresponds to a point to be printed if :
° half or more of the points of the block define a point to be printed; or
© one point oniy of the block is a point to be printed and the block is the N.m-th
10 block in a run of not-necessarily consecutive blocks each containing a single point to be
printed, where the blocks are counted by any systematic counting technique, where N is a
run of integers 1, 2, 3, ..., and where m is a predetermined integer such that the reduced
raster includes one point to be printed for each set of m input raster blocks containing
only one point to be printed in each block in order to avoid systematically eliminating
15  isolated points to be printed in the input raster.
27.  Apparatus according to claim 26, characterized in that m is equal to 4.
28.  Apparatus according to any one of claims 15 to 27, characterized In that, for color
printing, said image reduction means (28, 38, 40), said means (20, 26) for forming a
raster of points, and said means (30-36, 42) for enlarging said raster operate on each
20  color component and, if needs be, on the biack component, of the image to be printed.
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vectors are defined by the coordinates of their start and end points in an
X, Y coordinate plane. The vectors are witten in a matrix of individual
cells, each having a specific address given by its (X, Y) coordinates, the
matrix being WOABR®M rel ative to a print zone 5 on the nedi M BIHY#al ves
X and Y are the increnental values of the abscissa and ordinate

coordi nates. The increnment between two adj t cells fixes the maxi mum
possi bl e definition that can be printed frominput data. A set of vectors
is represented mathematically by the expression {(XG, YO), (Xli, Y1),
=1, I} where O is the start point, 1 is the end point, and i is the vector
i ndex. 10 In the exanple of Figure 3A, crosses in sone of the cells
i ndi cate vector start or end points. The coordi nates of sone of the points
are given in parentheses. The vectors nmay al so define a single point in the
coordinate matrix to cause a single dot to berpyinted

FIG.2
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at the corresponding point of the medium In this case, the start and end
points of the vector coincide (isolated crosses in Figure 3A). 15

Figure 4B shows data encoded in the formof a gray-level raster fromthe
pattern of Figure 4A. The raster is constituted by addressabl e i nage points
configured in rows and columms. Each point is given a value O to 15 as a
function of |1wOasRKAess (in the exanple, the value "0", \/\hif:‘FF’@BP?”@?ponds
to a blank point, is not shown). Each i 1ﬁoint corresponds to a
predeterm ned point to be printed on thggggi t medium The set of 20 inmage
points of the raster, which constitutes a map of the inmage of Figure 4A
serves as a reference for printing. It wll be observed that the unit

i ncrenent between two adjacent points of the raster fixes the nmaxi num

possi ble print definition. Figure 5A shows data encoded in binary raster
form The encoding is the sane as 25 for a gray-level raster, except that
only two val ues are possible for each imge point: "1" or "O'

correspondi ng respectively to a point to be printed or to a blank point. In
Figure 5A, raster image points having the value "1" are printed bl ack.
Naturally, the above specified
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correspondence can be inverted, depending on the protocol selected. Wth
reference to Figure 6, there follows an explanation of the main steps of 30
printing at a normal inking density with the printer operating
conventionally, as a function of the above three types of iQQH% ghﬁﬂgics
data. Wien thwogv/agts cs data is in the formof vectors, the vectors are~
conveyed to a binary rastering unit 20. This unit 20 subdivides the (X, YY)
coordinate plane (Figure 3A) into inmage pp/ffs or pixels by giving each
cell in the (X Y) coordinate plane a binary WO 97/ 35278 .
PCT/ 1 B97/ 00243 value. In the @xmnple, the unit 20 gives the binary value "1
" to cells in the coordinate &uiri x that are crossed by a vector, and al so
to those containing a vector sfgrt point or end point. Al other cells of
the coordinate matrix are gi¥&®the binary value "0". The nethod of

transform ng vectors into a bipary raster is known per se. The Breshenam
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5 algorithmis often used for this purpose. The binary val ues cal cul at ed
in this way are stored in a point matrix nenory 22 where they are indexed
in a manner that maintains the topography and the scale of the vector
coordi nate nmatri X¥YO¥u3setg s end, the point matrix nmenory 22 defines an array
of rows and columms of cells that correspond to the extracted b%Qng
10 Cell data is read fromthe,point matri x nenory QW@W%y -
i/sltransmtted in the form of

raster.
row into a buffered nenory 24, from which ith
print data to print control units. The sequence of data al ong each row of
the point matrix nenory corresponds to a sequence of print points in the X

direction of the head 10, and the sequence of data in each colum
corresponds to a sequence of print points in the Y direction of the medium

15 12 (Figures 1 and 2). Wen the input data is in the formof a

gray-level raster, the raster is initially converted into half-tones by

processing in a conversion unit so as to be transforned into a binary

raster 26 having the sane scale as the original raster in terns of nunber

of image points. Methods for converting gray-level rasters into binary
known.

rasters are wel |
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20 For example, it is possible to use space nodul ati on which consists in
defining areas fornmed by groups of binary points, each area containing a
nunber of points to be printed that is a function of the gray |level to be
reproduced. The points of the binary raster forned in this way are
transmtted to the point matrix nmenory 22 from which they are subsequenttiy
read as in thHwoprRsesli ng case. 25 When the input dat PGTEBEA3y i n
the formof a binary raster, it is tr mtted directly to the point matrix
menory 22. An inplenentation of the ﬁi?aﬂing mat eri al - econom zi ng print
met hod of the invention is explained below as a function of each of the
three types of graphics data and with reference to the bl ock di agram of
Figure 7. 30 In this figure, there can be seen the binary
rasterizing unit 20 used for data input in vector form the unit 26 for
converting a gray-level raster into a binary raster, the point matrix
menory 22, and the buffer nenory 24. The operation of these units is the
same as in the case of Figure 6, and it is therefore not described again.
Simlarly, consideration is given to three types of graphics input data
that are
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WD 97/ 35278 : ' PCT/ 1 B97/ 00243
9 identical to the precedi ng cases, taking as exanples the vector pattern
of Figure 3A, the gray-level raster of Figure 4B, and the binary raster of
Figure 5A. Wen the data representing the input imge for printing wth ink
econony is iwomasos form the vectors are subjected to scal€™} B2 on- In
this exanple, the scale is 5 reduced by a factor of 2 (unit 28). Such
scal e reduction is a conventi onal operawg?qgmhich consists in dividing the
coordi nates of the start and end points ach vector by the reduction
factor, which is equivalent to dividing the definition of the input inage
by the reduction factor. The vectors are then reconstructed on the original
coordinate matrix on the basis of these new coordinates. Starting fromthe
exanpl e of Figure 3A, vectors 10 reduced in accordance with this nethod
are shown in Figure 3B
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Thereafter, the rasterizing unit 20 forns a binary raster on the basis of
the vectors at reduced scale. The way in which "1" or "0" values are
allocated to the inmage elenents in the binary raster is identical to the
way this is done for vectors in conventional print node, ang, gl{ef ore
be based on tWe9B8%henam al gorithm The binary raster 15 &%ﬂgg %ai ng to
the reduced scale vectors is shown in Fi gure 3C Conpared with the bi nary
raster obtained fromthe vectors at the or? scale, this raster is
reduced by a factor of 2 in rows and in co urms and the tine required to
conpute the raster is also reduced by a factor of 2. The reduced scal e
raster is transmtted to the point matrix nenory 22 fromwhich 20 it is

transferred row by row into the puffer nenory 24. However, in order to
restore the original inmge formaj on prlntlng, the reduced scale raster is
reconfi gured by addi ng bl ank pq-h it th oywsTapdrcohums. For this
purpose. the follow ng rul es ngytbe ' g—goi nt i s added
bet ween two points in each row 44—+ raster; and
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a row of blank points is added between two rows of points in the reduced
binary raster. In the exanple, blank points are inserted between two points
in each rowwithin the buffer nmenory 24. To this end, the buffer nenory
recei ves a sequence of "0" binary 30 data froma "0" val ued,icqa%,%&g@ uni t
30. This uni tw@@737&controll ed by the scal e-restoring control uni SO
that a "0" value is inserted in alternation with each point al ong each row.

For exanpl e, consider an isol ated sequencgﬁLof eight bits: ...1 101
1101... in a row of the point matrix stor the buffer menory 24, the
unit 30 transforns the sequence Sl into the foll ow ng sequence S2:
...1010001010100010.. .. WD 97/ 35278

PCT/ 1 B97/ 00243 10 Rows of blank points are inserted between each pair of
rows downstream fromthe ~
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buffer nmenory 24 by a unit 34 for inserting rows of value "0" and a switch
36, controlled by the scale-restoring control unit 32. The swtch 36 has
two inputs respectively receiving the output fromthe buffer nenory 24 and
the output fromthe unit 34 for inserting lines of 5 value "0", and it has
one output fr@@AMASYA print data is taken. The switch 36 conPERABIARE  _
output to one or other of the two inputs @14 frequency which is twice the

row transfer frequency fromthe buffer ngmory 24 r%rresu T, thejprint
data output includes one row of "0" val u¢ points fof ea®h rpw of ddta in
the buffer menory 24. In the above gxampte;—the sSEQUE Z hug
transformed into a data block S3 10| coering|twollings: |z =
... 0000000000000. .. ...10100010101040105. € It|wil| ,b& obske\VEd that the
final configuration of the print datla c@& nof depang lon | 8e5drder |i n which
bl ank rows and col umms are inséPads1t2i8 al po pp&sBhl e g Bryvi sade 15
other algorithns for inserting "0" Jal ygssto Expahe Bhe c03f§ ur at ijon of
the data in the point matrix so as tlo r@t%rn to the &rfi gifml=dcal e|of the
I nput i mage. pany
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For exanple, for an inage that has been reduced by a factor of 2, it is
possible to insert blank points in a staggered row or column pattern in the
raster to be printed. The raster data stored in the nmenory 24 is then
staggered in rows of columms in the raster to 20 be printed _using a

conpi enent ary PRCVEPI  Conpared with norngfysprint node, the WEFFBB’%’“B?‘:’ -
poi nts having the value "1" (corresponding to points to be printed) is
reduced b ahN 0A When he i nn i npaoe -Ya od b - - a YalRE

2. This
mat eri al
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a raster
represen
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nmenti oned representative val ue as being the nean of the values of the gray
| evel s of the elenents of the block. This gray-level raster at reduced
scale is shown in Figure 4C. The reduced scale gray-level raster is then
transmtted to the half-tone unit 26 WO 97/ 35278

PCT/ 1 B97/ 00243¥QREB78 t is put into half-tone formas a bi narRFTIBEVAR43
havi ng the sanme reduced scale. This binagyiyaster is then transmtted to
the point matrix nenory 22. The data fromthe nmenory containing the binary
raster i SE ’ RTINS R AN AT A opi v 230
to 36 in ;
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per f or me i
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except that the representative value given to each point in the reduced
raster 1931-,@@;,5 ponding to a block of four points in the input binary
baster i pedfaehRbloges 8.9, application of the following rules. The

I epr esenhmbrdédpaga l,URd G IBREEIFRISant 2, Rof OVDE/PIMIshRepErNted, if: i) half or
more of the points in the block of four points in the | hinary raster
are poi nts to be printed; or ii) one point only in the bHAS ISHER T 4 AROBERN ¢ ’o
be printed and the block is the Nmth 15 block in a jjun ofpgpLAcED

not - necessar i Pgp- Nesledend B.Vvat Veniscks each cont ai ni ng onl pont—te-—te!
printed, usi ng any systematlc met hod of counting bl ocks, where Nis a run
of integers where mis a predeterm ned I nt eger,

preferably eqilﬁ!w’t"dqf,l”'r‘“@ 'mﬁew&hemm ofiprinting matarialmadacarintes f act or. | n
al'l ot her cagmpienidnfing Bo'maRedati ve val ue corresponds to a blank point. 20
Figure 5B is a diagram showi ng the binary raster of Figure 5A after scale
reductiof in application of the above rules. The four-point blocks in the

i nput bi nary rasteﬁe ﬁ@éen%b&‘lﬂo@fbia‘t’es(!di'ﬁrrié@-loﬂfofﬂﬁﬁnfiaﬁféﬂ{na\éééNﬁl "1" are

identified in Fi rg% nber s In this exanpl e, these bl ocks
econo lzlng printing materlal, startlng from Input Image data corraspondlng toa

predetermined original format and comprising the step of forming a raster of Image
_ points In which the rows and columns are reduced by a factor n with regard to the
10 raster In the standard mode and In which each Image polnt deflnes either a point te be

_printed or a blank point of the rastarised Image, for use with color or monochrome
printers that operats by means of a raster, such as ink Jet printers or laser printers, and
also thermal or electrostatic printers. The Invention also relates to a printer of the
above-spaclfied type anabiing such a method to be implemented.

15 With raster-printing printers, a matrix of elementary points is créated in memary
on the basis of input Image data, Each matrix polnt Is indexed to a determined point of
the print output raster, It has a binary vaiue that determines whether the corresponding
point In the raster Is to be Inked (a printed paint or "dot") or left white (a blank pdint).

o Input Image data is generally of three types: vectors, gray-level rasters, and

20 binary rasters. |

. ‘Data In vector form defines lines to be printed by specifying a start point and an

' ahd paint'in a coordinate plane.

Data lh gray-leVal raster form defines a mosaic of image points In a matrix that
e ls configured in rows and columns, where each element has an Intenslty vaius allocated
25 thereto In the fénge white to black.
Data in binary form Is made up Into rasters as in the preceding case, but there

.. areanly M&’pﬁsslb(e values for each point of the Image, corresponding either to a point
o thdt Is -ﬁﬂnt'éd as a dbt or o a point In the raster image that Is left blank. A half-tone

- appearance tan be rendered by modulating the denslty of printed points.

30 . . In cartaln appllcatlons, It is often necessary to print several drafts for visual
" ) lnepectlon befora prlntlng a final version. For printing drafts, It is common-place to use
: draﬂ-mode prlntlng. l.e. prlntlng at relatively low print denslty so as to reduce the
- _runnlng cost of the prlnter and also extend the number of sheets It can print.
| Numerous _known printing methods exist for reducing consumption of printing

NDED SHEET . This Sheet Has Been Ileilac




b
ar counted by scanning the rows successjvely starting fromthe first

Countlng ” tricted to the pattern shown and is not re-started for
each rowe §§i , although that may be done in pract i'ce. I'n general,
an{ count g rne\d :|c@mumee+ee&rJa%m§éaf SoEanaPey pef Ul e 1), _providing it

ensures that* one:lsol ated point out every misol ated plegsq_' pT .
| ni Fi gure 5B, the points in the binary raster at reduceg scal Eiﬁéﬁﬁ‘%ﬁﬁ'@'
been given 30 a "1" value by rule ii) are identified by ED o >1)
They correspomctterlalleaolecd!ﬂow@rlntmcdelf|ed in Figure SA by a count val ue

which is a mltipl ?or%&arﬂ}}? Iﬁﬁar@?&?lhinn& \A}\]uﬁ%rﬁg‘ls Oéé?‘l%??)’q aaeﬂnéggln%ggn% IR oi nt

counter unit 42 (Fi e context of
the present i thedamm ofra mattx efdrsageqpointieaver wijich a;pdlttﬂfrtad mesk istsspérposadpat t ern and

to retain one g f,d iy tc%@ﬁ%@%@éﬁ@% Srirltdt, Sedefiding o e Péftetn2 78

12
. 6 In another method describad in documant JP-A-82 212 164, all even-numbered

~ points In consecutive runs of Image points to be printed are replaced by blank points In
the row direétlon.

In next another method described in document EP-A-625 765, a mask pattern Is

_ generated which Is applied to the Image data prlcr to printing to reduce the number of

10 dots actcally printed. '

In next another mathod described in document EP-A-582 434, the raster data
are depleted In horizontal direction (dot reduction) and the head scans the row at higher
rate, 80 the printed size of a page Is not changed.

"In methods of those types, based on sliminating In a systematic manner some

15 of the polnts that are to be printed, thers is the risk of completely deleting from the
printed output certaln patterns dsfined by fine rows or by Isclated points.

Other known methads operate by selectively eliminating points for printing by
taking account of the Immediate graphlcs environment, In order to reduce the risk of
urwanted dsletion. | -

20 ' For example, document EP-A-689 159 proposes to form a raster of Image
points In which the rows and columns are reduced by a factor n with regard to the
raster In the standard mode each Image pclct defining either a point to be printed or a
blank point of tha rasterized Image, which raster is logically combined with a set of |

: thfee-pb'iel bits heid both In vertical and horlzontal direction with the pixel of interest

25 | belng Iocated In the csher, to perform dot reduction on the basls of detected edge

- pettemet -
_ _- Document US-A-S 390 290 proposes an ink-saving print method In which one
: . polnt out of every thres points to be printed Is eliminated from a matrix of points
N | eccordlng to the fcllowlng fule: for three, not nacessarily consscutive, polnts to be
30 N '_; prlnted the ﬂrst pclnt Is retained, and the second and third points are eliminated and
o X replaced by a new pclnt sltuated halfway between the two points that are eliminated.
_ In another method described In document US-A-5 270 728, seeking in particular
'tc avcld unnecessary oveﬂap between pnnted dots, avary other point Is eliminatad In
. each ccnsecutlve run of polnts to ba printed along each row, with odd rows being

This Sheet Has Been RTlaced :
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, -
advant ageous when a distribution of isolated points causes half-tones to be
shown. The_bi nary raster reduced in this way by the unit 40 is transmtted

dldreftly;? g rratrlx rremﬁry 22. Thereafter, data proce55| ng i s

i denti ca et .

better uﬁ'&%qﬂg par‘Idl ng o e°frF2b rsﬂ” %%??ﬁs??ﬂ%/g?h&??s !
cIraft mode) in accordance with the invention, Figure 8
is printed in high quality node with an inkjet printer
i mage data i rhchdirfadflmérmdlrbctbnlahdlwaﬂ revassih ¢he, oppbsite @lirédtigur e 8B shows t he sane

i mage printed in i 0 C I d
D W b olBaPAEE SERa e wRR ek B SPadisefiEuce 20,
nodul ati on ofpriatrgtings, bitheoby graking ewt dots ot by bilminating  fraetios ofubein ugingser ved, in
spite of the large red ! i IIB tit fg )fk d. ThIg

e | ity of ink use e
above- descri Iﬁ’é’gla '&?ﬁﬂfﬁ §§ °tﬁ°stehd§s%{e§?1gb§%gf printing with print econony are
j ust : as appli (I:1ab| Nlbbthosﬂ imowp miethbdselimirste image peicta fromdheomalrix pfrkinary n col or
printing, eac I t f
at tern i s probis ot AR Bepnl ik BoBldh ik plcus ety SRR 1L, o1
_reducti on, ra:trtaqrpatmmsdarmadmrﬂcemw frams graphicsrdats inhefaim ‘PerHEfefS orrasters

of gray levels, itself gives rise to a certain amount of degradation of Image informatlon,

“since It proceeds by approxlmatlon Ellminating polnts from the matrix can only
10 . accentuate that degradatIon of Information.

. As a result, durlng printing, prior art techniques Iead all toa often to fine rows or
to sets of Isolated polints being lost. However, it is important to be able to raproduce
paﬁerns of that kind rsliably, even in print economy mede. This applies particularly to
Images having a high concentration of details carrying technical information, In

16 particular In engineering, e.g. for printing electronic circult layouts.
Furthermore, determining which points to eliminate from the matrix of points

' radulré‘s conslderable amounts of computation time and of memory space, which

) adversely affects printing time.

The abjact of the Invantion Is to make It possible, in a draft print mode, to print
20 Images with considerable savings of printing material, while ensuring that all of the
sssentlal elements In the supplied Image data are reproduced, the method also being
fast, and sparing in memory space requirements. '
_ To this end, the mathod according to the preambile Is characterized in that it
. - funhermora cornprlses the foIIowrng successive steps:
- 26 0 enIargIng sald raster of points to return to the original format by Inserting blank
| .' Irr;aga polnts ln the reduced raster bya predetarmmed filling procedure; and
o prIntIng the Image on the basls of the point raster enlarged to the original
S format :
o ) It will ba obsarved that the methad of the inventlon makas it pcssrbIe to operate
30 on an Irnage of reduced sIze, thereby reducing both the processing trma necessary and
e memory capaclty requlred for the step of forming the point matrix.
- S The savIngs In printing material come from the reduction of the input image
- ".which, sInce it has a I’armat Ihat Is smaller In terms of Image area, makes it possible to
obtaIn a currespondlng reductlon In consumption of printing matenal Energy savlngs

rh

(&2]

ssoser N



pofnts. It should al so be observed that the scal e reduction factor can be
any real gniBsHoo240t necessarily an integer. The invention makes it
popsi bl e ¢a.Td8Rolkg@ WM. r eduction al gorithns that enable a reduced-scale
raster t carkbRdedajeBaciledawe lettat ofRéBGhry € NdoB/UWOBFVIRAR3 198rtge of reducti on

factors starting frominage data in vector or raster form Le—gerrerarny,
thE present invention can be Inplenented with any InaTG-HASBEEN Y
techni que, it bei ng under st ood that reduction by an integer pgpBAGEPRact orli
and in particérefan ulady sigriicagt ydth thegmehpgntersequi res combutaid-or—rat
reLatlve! y sinpl e Rédichg e imHiflimagediasdebt Rad @54 iREVitasY 10888t definiinl Nt and of
engrgy w thout degrading the information content of the 25 i nmage

unaccept abl y. Heyaver, the | E’%’l‘sntf‘e REseRGa.of ity infrmatipnicroamt; herebe@akiadit scal e

i mage may be pédie tbifhtdih Bdfidlant Fhage qlifyNRthe cRipufiptint, AR tdverigRB gREHIBY ON the
printing technolg_gy used. Each point of the matrix may then define a val ue
sel ect ed.‘?r_orTF?;{“ gndleyitscret e val ues specifying either a nunber of dots
to be printed in aagnBR MahddsRs Astirédlird oifts SorpehthgRd bebiimeetéd frorPthe30 el se
the size of thq dot Ito Pc?héam ntﬁgl, so as tq reﬁ)r% uce grlnt ql nts with
varying int enB _gtw_'latr X, a8 Is the case with conventional printing techniques for sconomizing print.

As a rasult, the graphics Information is better restored in the printed Image.

The Input image I8 advantageously reduced by a scale factor of n, where n'is a

10 real number.
For a relatively simple Implementation of the invention, the scale factor n can be
an intager aqual to or greater then 2, and preferably equal to 2. '
When the scale factor n is an intager, the step of enlarging the raster may

" conslst
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13 CLAIM5 1. A nethod of printing raster inmages while econonmzing printihg

erial, o'oE .frominput image data corresponding to a: mggggemaghge%q{e
Dr gi nal - Ry i sing the step of formng a raster of
whi ch thQ\n{e eéwmwm@te; S 6Ly 1Y 1998,10068PUMES, Yuth&Treg mll
raster in t| stan ard node each i mage point defining either

od. be| ng

printed or a bI ank point of the rasterised image, the,
characterized in that it furthernore conprises the:f
steps: [err] ShAWMSing said raster of points to retun
format by inserting blank image points in the reduce
predetermned filling procedure; and [err] printing the inmage on the Dbasi s
of the point rastet enlAdnajeat of printing raster lmagas whiter spaeomizing printing materlal,

- starting frcm Input image data corregponding to a predstermined criginal format,
6 comprising the step of forming a raster of image peints In which the rows and columns
are reduced by a factor n with regard to the raster in the standard mode each image
point dafining alther a polint ta be printed or a blank polnt of the rasterised imags,
the method being characterized In that It furtharmore comprises the followlng

’ succesalva steps;
10 _ *anlarging said raster of points to return to the original format by inserting blank

' Imag'e_'po_l'nts In the reduced raster by a predetermined filling procedure; and
* printing the Image on the basis of the point raster snlarged to the original
format.
2 A method according to clalm 1, characterized in that the input Image Is reduced
15 by a scale factor of n, whers n Is a real number greater than 1.
3. A method according to claim 2, characterized in that the number n is an Integer
| 'humber-.gregtar than or equal to 2.
4. A method according to claim 3, characterized in that the number n Is aqual to 2.
5. . A methed according to clalm 3 or 4, characterized in that the raster anlargament
25 “step con'élsts In adding n-1 blank Image point(s) betwaen two polnts in each row of
image peints in the reduced raster, and n-1 row(s) of blank points between two rows of
. Image polnts of the reduced raster. '
. _ :.6. A methed according to any one of claims 2 to 5, characterized In that, wher the
) Input data Isin the form of vectors specified relative to a coordinata plane, the scale
25 .'_-reduct_lon step c_onslsts In dividing the input image definition by n. '
7. | A methed according to any one of claims 2 to 5, characterized in that, when the
lrip'ut data Is In the farrﬁ 'of a raster, the scale reduction step consists in forming a
N '_raduced raster in which aach point Is given a representative value represaenting the data
In a pradetarmlnad nalghborhood zone of the input raster and having topographical
) ' .:-correspcndence with said point.
2 3_. ) A methed accordmg to claim 7, characterized In that said neighborhood zone Is
: constltuted by a block of n x n palnts constitiited by n contiguous Image points in the
: - row dlrecﬂon and n contiguous Image points In the column direction of the input raster.
8. A method accordlng to claim 7 or 8, charactanzed in that, when the input raster

Auenoza et | R N A
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A rrethod according to cIarml characterized in that the input inmage is

LA met ho

reduced ﬁ’ e factor of n, where n is a real nunber greater than 1. 3.
S W claim2, characterized in that the nu Replaced
i nt eger cla sep%(;@h o ¥ 18 G HiHiar) 1, 208, AVDS/AVIRS. h;zcbciEior , Aﬂ ﬁ ,m

3, characterized in"that the nunber n is equal to 2. 5

tp claim3 or 4, characterized in that the raster enlarg nt step consists
n adding n-1 blank inmage point(s) between two points in each row of I mage
bi nts in thi agayieea rastestsald, represbntative vabue(isan eferagomhibe gtayiave! valesten t wo

[
; f

rpws of inag fo reduced raster. 6. A nethod according to an
]91e of clai rrgalggé@gb%m% %%érhgcterr zed in that, when the input data |gs I n t%e _
;

brm of vect am s s@mthbd actordirigo tlain T or & chasesterizad inghas) wins the ingut asiar
pduct i on st e{?@hﬁk?ln'w‘ﬁlcﬂ' géﬂ?cﬂﬁ’ hEJ‘She' d? Mothﬁ%ﬂ@o%ﬁrb@d&rhiﬁ@ abyinh. 7. A

net hod accor 5, characterized in that, when
the inpus datasbe mlnterd ame blapk paintf said rﬁargmtaﬂve malussls spraPytediara fupstioa Pk p

consists in E/hg Fbgol‘@ala ﬁgg@%n ob&2drfalin b&h%é‘rﬂeﬁ&qb afsMd Bimingling fiveen a |

representati repr ting the data in
pattarns.

1. A Iﬁethod accarding to claim 8, characterized In that, when the input raster is a
- binary raster In which each point has one or the other of two vaiues defining a polnt to
10  be pﬂnf’ed and & blank polnt, said neighborhood zone Is a 2 x 2 polnt block and said
represerrtatl\re value corresponds to 'a'point to be printed if half or more of the points of
the block are points to be_printed, and corresponds to a blank point otherwise.
12. A method according to claim 8, characterized in that, when the Input raster is a
binary raster In which each point has one or the other of two vairJes defining a point to
16 be printed and a blank point, sald nelghborhood zona is a 2 x 2 polnt block and said
re.p_rese'nt'atlve value correspands to a point to be prihted if:
° half or mors of the points of the block define a peint to be printed; or
° one point only of the biack Is a point to be printed and the block is the N.m-th
block In a run Iof not-nacessarily consecutive blocks each containing a single point to be
20 prlnted.' where the blocks are counted by any systematic counting technique, where N
~lsarun of Integers 1, 2, 3, ..., and where m is a predetermined Integer such that the
_' r_eouced raster Includes one point to be printed for each set of m input rastar blocks
. oonfelnlng oniy one '_polnt to be printed In each block in order to avoid systematically
 eliminating !eoleted points to be printed in the input raster.
%6 13, A method according to clalm 12, characterized in that m is equal to 4.
14, A method according to any one of claims 1 to 13, characterizad in that, for color
o '-prlnﬂng, said steps of image reduction, of point raster formation, and of enlarging sald
_ ) _:. rester are performed for ssach color component and, If needs be, for the black
T component of the Image to be printed.
30 _' 18.  Apparaius for prlntlng raster Images while economlzlng printing material,
'_ o atartlng from Input lmage data corresponding to a predetarmined otiginal format,
'_. :_"'oomprlelng means (28 38, 40 20, 26) for forming a raster of Image points in which the
| . rows and columns are reduced by a factor n with regard to the raster in the standard
3 mo_de each In_'rage _pornt defmlng sither a point te be printed or a blank point of the
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poi nts of said nei ghbor hood zone in such a manner as to avoid elim nat

I ng

fine patterns. 11. A.method according to claim S8, Characterized in that,

when the input raster is'a binary raster in which ea r the
ot her of two values defining a point to be printed ajkk sai d |
nei ghbor hood zone is a 2 x 2 point block and said repr ug
corresponds to a point to be printed if half or nore|o tﬂsﬁw gf fthe
bl ock are points to be printed, and corresponds to aj bl an t Herwi se.
12. A method according to claim8, characterized in ~when. the iinput
raster is a binary raster in which each point has on or t he other_of t wo
val ues defining a point to be printed d a bl ank pomt—sard—rrergiboer hood
zone is a 2 x 2 point block and said rggresentatlve val ue corresponds to a
point to be printed if: [err] half or nore of the points of the block -
define a poin L9f a point to
be print eg an%l(/% Pﬁ) d&ﬁwwg@ﬁﬁ fﬁﬁﬁ W%@Oﬁ{)}yﬁ] 43 ssarily
consecltive bl ok CMQMW'EEBH@@MENHNGJHBMETHM where the
bl ocks are counted by any_systenatlc counting technique, where Nis a run
of where mis_a_predeterm ned integer such that

th el ntegers 1l’hezpres?éht inveﬁtio%nr%lates to a method of prmtmg raster images while
economizing printing material, starting from input image data corresponding to a -
predetermined original format and comprising the step of forming a raster of image
points in which the rows and columns are reduced by a factor n with regard to the raster
in the standard mode and in which each image point defines either a point to be printed
or a blank point of the rasterised image, for use with color or monochrome printers that
‘operate by means of a raster, such as inkjet printers or laser printers, and also thermal
or electrostatic printers. The invention also relates to a printer of the above-specified
type enabling such a method to be implemented. _

With raster-printing printers, a matrix of elementary points is created in memory
on the basis of input image data. Each matrix point is indexed to a determined point of
the print output raster. It has a binary value that determines whether the corresponding
point in the raster is to be inked (a printed point or "dot") or left white (a blank point).

Input image data is generally of three types: vectors, gray-level rasters, and binary
rasters. ' . |

Data in vector form defines lines to be printed by specifying a start point and an
end point in a coordinate plane.

Data in gray-level raster form defines a mosaic of image points in a matrix that is
configured in rows and columns, where each element has an intensity value allocated
thereto in the range white to black.

Data in binary form is made up into rasters as in the precedmg case, but there are
only two possible values for each point of the image, corresponding either to a point that
is printed as a dot or to a point in the raster image that is left blank. A half-tone
appearance can be rendered by modulating the density of printed points.

In certain applications, it is often necessary to print several drafts for visual
inspection before printing a final version. For printing drafts, it 1s common-place to use
draft-mode printing, i.e. prmtlng at relatively low print density 50 as to reduce the

| running cost of the printer and also extend the number of sheets it can print.
Numerous known printing methods exist for reducing consumptlon of prmtmg
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raster bl ocks containing only one point to be printed inh each block in

order to avoid systematically elimnating isol ated pgi

I ncl udes one point to be printed for each set of minput

the input raster. 13. A nethod according to claim12, REFBA@ENEN]ZSHE T

inis equal to 4. 14. A nethod according to any one ¢f pcratfs——
characterized in that, for colour printing, said stegsjof inage redu,t

of poi nt

raster formation, and of enlarging said rasfei ail & fi893ref

each col or conponent and, if needs be, for the blackjcanponent. of the
I mage to be printed. 15. Apparatus for printing rast¢r images while’

econom zing printing material, starting frominput i

ts.ta be printed in
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di ng

to a predeterm ned original format, conprising neans (28, 38, 40, 20, 26)
for formng a raster of image points in which the rows and columms are
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the form of a matrix of image points over which a patterned mask is superposed
electronically to prevent certain points being printed, depending on the pattern.

In another method described in document JP-A-62 212 164, all even-numbered
points in consecutlve runs of i nnage points to be printed are replaced by blank points in
the row direction.

In next another method described in document EP-A-625 765, a mask pattern is
generated which is applied to the image data prior to printiﬁg to reduce the number of
dots actually printed.

In next another method described in document EP-A-582 434, the raster data are
depleted in horizontal direction (dot reduction) and the head scans the row at higher rate,
so the printed size of a page is not changed.

- In methods of those types, based on eliminating in a systematic manner some of the
points that are to be printed, there is the risk of completely deleting from the printed
output certain patterns defined by fine rows or by isolated points.

Other known methods operate by selectively eliminating points for printing by
taking account of the immediate graphics environment, in order to reduce the risk of
unwanted deletion.

For example, document EP-A-689 159 proposes to form a raster of image points in
which the rows and columns are reduced by a factor n with regard to the raster in the
standard mode each image point defining either a point to be printed or a blank point of
the rasterized image, which raster is logically combined with a set of three-pixel bits
held both in vertical and horizontal direction with the pixel of interest being located in
the center, to perform dot reduction on the basis of detected edge patterns.

Document US-A-5 390 290 proposes an ink-saving print method in which one
point out of every three points to be printed is eliminated from a matrix of points
according to the following rule: for three, not necessarily éonsecutive, points to be
printed, the first point is retained, and the second and third points are eliminated and
replaced by a new point situated halfway between the two points that are eliminated.

In another method described in document US-A-5 270 728, seeking in particular to
avoid unnecessary overlap between printed dots, every other point is eliminated in each
consecutive run of points to be printed along each row, with odd rows being



1l4a rasterised, the apparatus being characterized int it furthernore
conprises: [err] nmeans (30-36, 42) for enlarging the r .
return to the original WO 97/ 35278 , . £
PCT/ 1 B97/ 00243 format by inserting blank image points infthe reduced rps}er
by a predeternined filling procedure; and [err] neans {10, 1#)SEPRnggy i ptf ng
- the image on the basis of the point raster enlarged tojthe original f t.
'5 16. Appar atus according to 'claim 15, characterizgd in that thne-megns
(28, 38, 40) for reducing the input inmage are desi gned-~~e—~nplenent |
reduction by a scale factor of n, where n is a real nunber greater than 1

3

scanned in one direction and even rows in the opposite direction.

There also exist printing methods which seek more specifically to reduce printing
time, either by spacing out dots or by eliminating a fraction of them using criteria
analogous to those described above.

All of those known methods eliminate image points from the matrix of binary
points formed from input graphics data. However, the process whereby a matrix of
binary points is formed, particularly from graphics data in the form of vectors or rasters
of gray levels, itself gives rise to a certain amount.of degradation of image information,
since it proceeds by approximation. Eliminating points from the matrix can only
accentuate that degradation of information.

As a result, during printing, prior art techmques lead all too often to fine rows or
to sets of isolated points being lost. However, it is important to be able to reproduce
patterns of that kind reliably, even in print economy mode. This applies particularly to
images having a high concentration of details carrying technical information, in
particular in engineering, e.g. for printing electronic circuit layouts. _

Furthermore, determining which points to eliminate from the matrix of points
requires considerable amounts of computation time and of memory space, which
adversely affects printing time.

The object of the invention is to make it possible,.in a draft print mode, to prlnt -
images with considerable savings of prmtmg material, while ensuring that all of the
essential elements in the supplied image data are reproduced, the method also being fast,
and sparing in memory space requirements.

To this end, the method according to the preamble is characterized in that it
furthermore comprises the following successive steps: |

° enlarging said raster of points to return to the original format by inserting blank
image points in the reduced raster by a predetermined filling procedure; and

© printing the image on the basis of the point raster enlarged to the original format.

It will be observed that the method of the invention makes it possible to operate on
an image of reduced size, thereby reducing both the processing time necessary and
memory capacity required for the step of forming the point matrix.

The savings in printing material come from the reduction of the input image which,
since it has a format that is smaller in terms of ilnage area, makes it possible to obtain a
cofresponding reduction in consumption of printing material. Energy savings '



17. Appar atus according to claim 16, characterized in that n is an

i nteger nunber greater than or equal to 2. 10 18. Apparatus according to
claim17, characterized in that nis equal to 2. 19. Apprat-et-ds—accar di ng
to claim17 or 18, characterized in that the nmeans (iﬁ?ﬁgﬁlmﬂﬂffﬂﬂﬁET
enlarging the raster operate by inserting n-1 blank |i rage poi nt{S—pefween
two points in each row of image point(s) in the reddcgd ﬁqf?ﬁ@“?@ﬁd n{l
rowm s) of blank points between two rows of inmage poijntfs i Cedl
raster. 15 20. Appar atus according to any one of {cl-arfe—+6—t0--19
characterized in that, when the input data is in th&_jorn1of vectors
specified relative to a coordinate pIaBe, the means (28) Tor reduct scal e
operate by dividing the definition of fRhe input inmge by n. 21. Appar at us
according to any one of clainms 16 to 19, characterized in that when the

i nput datﬁek’énibcﬁh?geslélﬁﬁ&“ﬂ“ﬁtl;‘%é{lﬁ‘cégneege means (38, 40) for reducing

scal e operate ormng a aster in which a representative
value is gi v 4¥15mg dbinpat imagedloewindend lea taamainevitableplossief definiitivr)

nei ghbor egeves n@u: Qﬁxag@fetalﬂm% esRAEEHT A MFRAUEBE cSRARIIRAYy WRhking it

corresponden i d_paqint,.
P poss1glee to mamtam su 1c1ent image quality in the output print, e.g. to ver1fy its

graphics content and layout.

Also, the method does not require points for printing to be eliminated from the
point matrix, as is the case with conventional printing techniqiles for économjzing print.
As a result, the graphics information is better restored in the printed image.

' The input image is advantageously reduced by a scale factor of n, where n is a real
number.

For a relatively simple implementation of the invention, the scale factor n can be
an integer equal to or greater than 2, and preferably equal to 2.
When the scale factor n is an integer, the step of enlarging the raster may consist



22. Appar at us according to claim 21, characterized in that said
nei ghbor hood zone is constituted by a bfock of n x n points constituted by
n contiguous image points in the row 25 direction a :

points in the colum direction of the input raster.
according to claim21 or 22, characterized in that,
Is a gray-level raster, sald representative val ue is jan

e thelg
| evel val ues in said nei ghborhood zone. 24. Appar at us1 a\éc% g?n@%o cl
21 or 22, characterized in that, when the input rast

y
raster in which each point has one or tjge other of t val ues definingla
point to be printed and a blank point, Said representative value I3
computed as a function of the points of said nei ghbor hood zone in such a
.manner asCLAIMSoi d elimnating fine patterns. 25. Apparatus according to
claim 22, characterized in that when the input raster is a binary raster in
whi ch each poi nt has one or the other of two values defining a point to be

1. A method of printing raster images while economizing printing material,

starting from input image data corresponding to a predetermined original format,
comprising the step of forming a raster of image points in which the rows and columns
are reduced by a factor n with regard to the raster in the standard mode each imagé point
defining either a point to be printed or a blank point of the rasterised image, the method
being characterized in that it furthermore comprises the following successive steps:

© enlarging said raster of points to return to the original format by inserting blank
image points in the reduced raster by a predetermined filling procedure; and

© printing the i lmage on the basis of the point raster enlarged to the original

format. _
2. A method according to claim 1, characterized in that the input image is reduced by
a scale factor of n, where n is a real number greater than 1.
3. A method according to claim 2, characterized in that the number n is an integer |
number greater than or equal to 2. . :
4. A method according to claim 3, characterized in that the number n is equal to 2.
5. A method according to claim 3 or 4, characterized in that the raster enlargement
step consists in adding n-1 blank image point(s) between two points in each row of image
points in the reduced raster, and n-1 row(s) of blank points between two rows of image
points of the reduced raster.
6. A method according to any one of claims 2 to 5, characterized in that, when the
input data is in the form of vectors specified relative to a coordinate plane, the scale
reduction step consists in dividing the input image definition by n.
7. A method according to any one of claims 2 to 5, characterized in that, when the
input data is in the form of a raster, the scale reduction step consists in forming a
reduced raster in which each point is given a representative value representing the data in
a predetérmined neighborhood zone of the input raster and having topographical
correspondence with said point.
8. A method according to claim 7, characterized in that said neighborhood zone is
constituted by a block of n x n points constituted by n contiguous image points in the
row direction and n contiguous imégé points in the column direction of the input raster.
9. A method according to claim 7 or 8, characterized in that, when the input raster
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16 printed and a bl ank point, said nei ghborhood zof : it bl ock
.and said representative val ue corresponds to a poi ¥y f half
or nore of the points of the block are points to Qe jpri nted, . :
corresponds to a blank point: otherw se. 26. = Apparlatjus qu?ﬁd$ g ofcl aim
22, characterized in that, when the input raster ijsja g ' a 9 rasfer ;in
whi ch each point has one or the other of two val ugs’ i nf te be
printed and a bl ank point, said neighborhood zonefis a 2 x 2 point ploek
and said representative value corresponds to a point to be primted—f:"

half or nore of the points of the bl ock define a point to be printed; or
one point only of the block is a point to be printed and the block is the

N.mth 1G Jevélrastef, $Rid¥epreSdmdtRe SaRB i %ﬁ%%ﬂh'
cont ai ni n%aa???@‘@gl eaBoi nt1 t opbgé printed, l%/\hh%?e the bl %g%ﬁg?«gk@gﬁ%?gd by

any- syst &gt #§"%-echni que, where Nis a run of integers 1, 2, 3,
., and 19herfemettiod aRcordagaoetaiteor 8, dhageterized i thing twhich ¢he BPpucLEtel 36t er

Icgﬁlt gldﬁ;s ﬁlg)@ ity fnowﬁgh @arléhnﬁd?rﬂ hfag on€ 8¢ Hleso%er %ff two VAR derf?nsi}lge 2 pgin? (E(l)( 3
be printed and a blank point, said representative value is computed as a function of the
points of said neighborhood zone in such a manner as to avoid eliminating fine patterns.
11. A method according to claim 8, characterized in that, when the input raster is a
binary raster in which each point has one or the other of two values defining a point to
be printed and a blank point, said neighborhood zone is a 2 x 2 point block and said
répresentative value corresponds to a point to be printed if half or more of the points of
the block are points to be printed, and corresponds to a blank point otherwise.

12. A method according to claim 8, characterized in that, when the input raster is a
binary raster in which each point has one or the other of two values defining a point to
be printed and a blank point, said neighborhood zone is a 2 x 2 point block and said
representative value corresponds to a point to be printed if:

° half or more of the points of the block define a point to be printed; or

© one point only of the block is a point to be printed and the block is the N.m-th
block in a run of not-necessarily consecutive blocks each containing a single point to be
printed, where the blocks are counted by any systematic counting technique; where N is
a run of integers 1, 2, 3, ..., and where m is a predetermined integer such that the .
reduced raster includes one point to be printed for each set of m input raster blocks
containing only one point to be printed in each block in order to avoid systematically
eliminating isolated points to be printed in the input raster.
13. A method according to claim 12, characterized in that m is equal to 4. _
14. A method according to any one of claims 1 to 13, characterized in that, for colour
printing, said steps of image reduction, of point raster formation, and of enlarging said
raster are performed for each color component and, if needs be, for the black
component, of the image to be printed. '
15. Apparatus for printing raster images while economizing printing material, starting
from input image data corresponding to a predetermined original format, comprising
means (28, 38, 40, 20, 26) for forming a raster of image points in which the rows and -
columns are reduced by a factor n with regard to the raster in the standard mode each
image point defining either a point to be printed or a blank point of the

* c L M § =%



onlﬁy one point to be printed in each block in order to avoid systematically
elimnating 1S isolated points to be prlntedlnthelnput raster. 27.
Appar atus according to claim26, characterized in tha ' S to 4. 28.

Appar atus according to any one of clainms 15 to 27, LE at,
for color printing, said innage reduction neans (28, |38, 40), S
(20, 26) for formng a raster of points, and said ngaps {3 t.%.575?%2) or
enlarging said raster operate on each 20 col or conpohent "an dds be,

on the bl ack conponent, of the inmage to be printed.
14a

rasterised, the apparatus being characterized in that it furthermore cbmprises:
° means (30-36, 42) for enlarging the raster of points to return to the original
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(57) Abstract

The inve.ntion provides a method of printing rasterized images while economizing print, on the basis of input image data comesponding
to a predetermined original format. The method comprises the following successive steps: reducing the input image relative to the original
format; on the basis of the reduced-scale image, forming a raster of image points each defining either a point the be printed or a blank point
of the rastenized image; enlarging said raster of points to return to the original format by inserting blank image points in the reduced raster
by a predetermined filling procedure; and printing the image on the basis of the point raster enlarged to the original format. The invention
also provides print apparatus implementing the method.
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