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(7) ABSTRACT

Method and apparatus for creating 3D-prints and a 3-D
printing system A method and apparatus for creating a print
file for printing a 3-D print using a 3-D printing system is
described, the 3-D print comprising a plurality of 3-D
structures printed on a substrate, each 3-D print structure
having a height with respect to the substrate. A two-dimen-
sional source image is input comprising a plurality of image
pixel areas. A filtered image is obtained by applying a
topographic operator to the source image to generate for
every image pixel a representation of a pixel height profile,
the pixel height profile corresponding to cross-sections
through a 3-D print structure which is to be formed by 3-D
printing. Thereby definitions of a plurality of image layers
are generated from the filtered image for printing using the
3-D printing system. The print file is output based on the
plurality of image layers.

The topographic operator has the following property:

any cross-section through a solid section of a 3-D structure
at a second level in the 3-D print structure which is closer to
the substrate than a first level has an area which is equal to
or larger than the area ol the cross-section ol the 3-D
structure at the first level.
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METHOD AND APPARATUS FOR CREATING
3D-PRINTS AND A 3-D PRINTING SYSTEM

[0001] The application claims the benefit of U.S. Provi-
sional Application No. 60/436,824 filed Dec. 27, 2002.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to methods for cre-
ating 3-D prints especially 3-D print masters by use of a
3-dimensional printing system in which an image is printed
in a plurality of image layers, and to corresponding appa-
ratus which may be used for a wide variety of applications,
for example for the manufacture of printing masters, such as
stamps, flexographic printing masters, letterpress printing
masters or gravure printing masters.

BACKGROUND OF THE INVENTION

[0003] So-called “3-D printing” is a method of creating
three-dimensional objects by depositing or forming thin
layers of material in succession so as to build up the desired
3-D structure. It is sometimes called Rapid Prototyping and
Manufacturing (RP&M). The process has some similarities
to normal printing in that a digital representation of an object
to be formed is used and each layer is formed as if it were
one layer of printing, e.g. by moving some kind of printing
head over a workpiece and activating elements of the
printing head to create the “printing”. Various methods have
been devised to create the thin layers. One technique makes
use of a bath of polymerisable liquid material. A thin upper
layer of the liquid is cross-linked or hardened in some way,
e.g. via laser light, in a pattern which is the same as a
cross-section through the object to be formed. The laser spot
is moved across the surface in accordance with a digital
representation of the relevant cross-section. After one layer
is completed the liquid level is raised over a small distance
and the process repeated. Each polymerised layer should be
sufficiently form stable to support the next layer.

[0004] In another technique powder is dusted onto a
substrate and the powder coalesced by some means, e.g. by
heating or by the use of a liquid hardener, in accordance with
the shape of the cross-section of the object to be formed. In
yet another method, cross-linkable or hardenable material is
deposited in the form of drops which are deposited in a
pattern according to the relevant cross-section of the object
to be formed. Still another method involves dispensing
drops of molten material at an elevated temperature which
then solidify on contact with the cooler work piece.

[0005] There are many items which can be produced by
3-D printing. Due to the fact that the materials used to form
the object are subject to many limitations and are generally
polymeric in nature, the final product is not very strong.
Thus, 3-D printing is often used in prototyping, for example,
to create a product design which can be handled or even
tested for certain properties.

[0006] Printing plates are generally not made by 3-D
printing techniques but usually by etching methods. Such
plates are used in a variety of printing methods, such as
flexographic printing, letterpress, offset or gravure printing.
A simple form of a printing plate is the conventional rubber
stamp.

[0007] Flexographic printing or flexography is a printing
process where rubber mats or photopolymer plates and
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fast-drying fluid inks are used. Flexographic printing plates
have the printing image in relief, which means that the
image area is raised relative to the non-image area. The
result is a relief plate that is capable of transferring ink from
an anilox roll to a substrate. Almost any material that can run
through a web press can be printed in this way, including
hard-surfaced material such as acetate and other plastic
films. Flexography has also been known as “aniline” print-
ing.

[0008] Letterpress is a printing process where the image is
raised as well and inked to produce an impression.

[0009] Offset printing is a method of printing in which the
image is not printed directly from a plate, but is offset onto
a cylinder which performs the actual printing operation. The
printing plate generally has image-selective and hydropho-
bic regions on a hydrophilic background.

[0010] Gravure printing is a printing process where the
image is etched into a plate or cylinder in the form of
recesses or wells. These recesses or wells are filled with ink
and the remaining surface is wiped clean, thus leaving the
ink only in the recesses or wells. The image can then be
printed off e.g. onto an absorbent material such as paper.

[0011] There are several additional methods of transfer-
ring an image from the printing plate onto the printing
medium. For instance in tampon printing, a plate comprising
an image in relief (or a negative image as in gravure
printing) is inked. Afterwards, ink is transferred to a soft
tampon printing head by contacting the tampon surface with
the inked image. The tampon is then used to print another
object, e.g. an object with an irregular surface.

[0012] In all the above printing methods, 3-dimensional
printing plates are used which comprise a substrate with
raised parts and recesses. In some of the printing industries,
such as flexographic printing and letterpress, the raised parts
are used for forming the image, while in gravure printing,
the recesses form the image. In tampon printing either can
be used.

[0013] The smallest individual raised portion on a flexo-
graphic printing plate relates to an isolated single pixel of an
image. As the resolution of the image increases, the size of
a pixel becomes smaller. Assuming that small parts of the
image result in 3-D structures on the printing plate having a
certain height L and a certain diameter d, one form of
damage to the printing plate is Euler buckling. Euler buck-
ling is buckling of thin column into a bow-like or wave-like
shape. The critical load which can be applied before buck-
ling is initiated varies approximately as

2El (69)]

[0014] wherein E is Young’s modulus and I is the
moment of inertia. For a quadratic cross-section the
value of I is proportional to the cube of the thick-
ness—hence the danger of mechanical failure
increases as a fast function of the reduction in
thickness of a protrusion. Hence, problems with
small parts of the image grow rapidly as the resolu-
tion increases. Confirmation of this fact can be found
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in that it has been known in the flexographic printing
industry that small dots on flexographic printing
plates (i.e. small protruding parts) tend to break off
or wear easily, with image artefacts as a consequence
such as discontinuities in tone gradation (near white
and near black) of the printed material.

[0015] Gravure rolls are manufactured by an expensive
and time consuming etching process or by means of a
diamond stylus which embosses the gravure roll. Gravure
printing is popular for high quality large runs, ¢.g. monthly
journals, where the expense of the printing rolls is out-
weighed by the low cost per printed page and the high
volumes, and where everything is planned in beforehand.
However, there is an interest in making gravure plates of
reasonable quality which could be used for shorter runs or
for other applications, e.g. the printing of adhesives.

SUMMARY OF THE INVENTION

[0016] It is an object of the present invention to provide an
improved method and apparatus for creating 3-D print files
especially a print file for a print master for use in a
3-dimensional printing system.

[0017] Tt is an object of the present invention to provide a
method for creating 3-D prints especially print masters using
a 3-dimensional printing system.

[0018] The present invention provides a method for cre-
ating a print file for printing a 3-D print using a 3-D printing
system, the 3-D print comprising a plurality of 3-D struc-
tures printed on a substrate, each 3-D print structure having
a height with respect to the substrate. The method comprises
providing a two-dimensional source image comprising a
plurality of image pixels and generating a filtered image by
applying a topographic operator to the source image to
generate for every image pixel a representation of a pixel
height profile. The pixel height profile corresponds to cross-
sections through a 3-D print structure which is to be formed
by 3-D printing. Thereby definitions of a plurality of image
layers from the filtered image are generated for printing
using the 3-D printing system. The topographic operator has
the following property: any cross-section through a solid
section of a 3-D structure at a second level in the 3-D print
structure which is closer to the substrate than a first level has
an area which is equal to or larger than the area of the
cross-section of the 3-D structure at the first level. Finally,
the print file is output based on the plurality of image layers.
The advantage of using one or more topographic operators
to generate the print file is that manual intervention can be
reduced to a minimum allowing a stream-lined and efficient
generation of print files. The 3-D print may be a print master
and the 3-D structures may represent areas to be printed
using the print master. The topographic operator may have
the following additional property: the heights of all 3-D
structures in the pixel height profile which will form a
printing contact surface all lie substantially within one
surface with reference to the substrate. The application of
the topographic operator is preferably done by means of a
computing device including a processing engine and
memory. The source image may be a binary image com-
prising pixels having a first value and remaining pixels
having a second value. Where the source image is a binary
image, the application of a topographic operator may
include: replacing every pixel from the source file by a pixel
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profile spread out over neighbouring image pixels, the pixel
profile corresponding to pixel heights, taking an envelope of
the pixel profiles spread from neighbouring image pixels,
slicing the envelope to form image layers for printing in the
3-D printing system. Alternatively, the application of the
topographic operator includes: detecting the edge of a pixel
area having the first value with a pixel area having the
second value, and generating grey scale pixel values for
pixel areas adjacent to the border and having the second
value, and assigning these grey scale values to these pixel
areas.

[0019] The source image may comprise a plurality of
image pixels each having a contone value, and the applica-
tion of the topographic operator may include: providing a
digital halftone screen comprising a plurality of screen
pixels, each having a multi-tone value, every screen pixel
corresponding to an image pixel, providing a set of correc-
tion values which are a function of the image layer, thresh-
olding the contone values of the source image with a
combination of the multi-tone values of the halftone screen
and with the correction values, to generate halftone dots. The
halftone dots for the plurality of image layers may be
generated on-the-fly.

[0020] The application of the topographic operator may
include: generating binary halftone dots from the source
image, thereafter transforming the binary halftone dots into
blurred halftone dots having a height profile in the form of
a plurality of blurred halftone dot layers, thereafter choosing
a blurred halftone dot layer to be printed as an image layer.

[0021] Alternatively, the application of the topographic
operator may include: generating binary halftone dots from
the source image, thereafter associating a eight profile with
the binary halftone dots and deriving a plurality of halftone
dot layers from the height profiles, thereafter choosing a
halftone dot layer of the binary halftone dots and transform-
ing the halftone dot layer into a blurred halftone dot layer to
be printed as an image layer. The transformation may
comprise applying a smoothing algorithm or a blurring filter.
The image layers are usually to be printed onto a printing
substrate and the transforming step may be a function of the
height of the image layer above the printing substrate.

[0022] In the method, halftoning may be based on one of
amplitude modulation, frequency modulation, a combina-
tion of amplitude and frequency modulation or stochastic
modulation.

[0023] As a part of the application of a topographic
operator, for each pixel area under consideration, the gen-
eration of the height profile of neighbouring pixel areas may
provide one or more height values at the pixel area under
consideration, and the height value assigned to the pixel
under consideration is determined by the largest height value
provided by any one of the pixel areas including the pixel
area under consideration.

[0024] In addition to application of a topographic operator,
a morphological operator may be applied either before the
application of the topographic operator, at the same time or
at a later time. For example, the application of the morpho-
logical operator may be a pre-compensation for subsequent
deformation of a dot to be printed.

[0025] The print file generated by the above methods may
be used to generate a 3-D print on a substrate using a 3-D
printer.
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[0026] The invention also provides an apparatus for cre-
ating a print file for printing a 3-D print using a 3-D printing
system, the 3-D print comprising a plurality of 3-D struc-
tures printed on a substrate, each 3-D print structure having
a height with respect to the substrate. The apparatus com-
prises: first input means for receiving a two-dimensional
source image comprising a plurality of image pixels, means
for generating a filtered image by applying a topographic
operator to the source image to generate for every image
pixel a representation of a pixel height profile, the pixel
height profile corresponding to cross-sections through a 3-D
print structure which is to be formed by 3-D printing.
Thereby definitions of a plurality of image layers are gen-
erated from he filtered image for printing using the 3-D
printing system. The topographic operator has the following
property: any cross-section through a solid section of a 3-D
structure at a second level in the 3-D print structure which
is closer to the substrate than a first level has an area which
is equal to or larger than the area of the cross-section of the
3-D structure at the first level. Means for outputting the print
file based on the plurality of image layers are provided. The
3-D print can be a print master and each 3-D print structure
then represents an area to be printed using the print master.
The topographic operator may then have the following
additional property: the heights of all 3-D structures in the
pixel height profile which will form a printing contact
surface all lie substantially within one surface with reference
to the substrate.

[0027] The source image may be a binary source image,
and the apparatus may further comprise: spreading means
for replacing every image pixel by a pixel profile spread out
over neighbouring image pixels, the pixel prolile corre-
sponding to pixel heights; enveloping means for taking an
envelope of the pixel profiles spread from neighbouring
image pixels; and slicing means for slicing the envelope to
form image layers for printing in the 3-D printing system.

[0028] The apparatus may comprise means for obtaining a
binary image from the source image, the binary image
comprising pixels having a first value and remaining pixels
having a second value, means for detecting an edge of a
pixel area having the first value with a pixel area having the
second value, and means for generating grey scale pixel
values for pixels adjacent to the border and having the
second value and for assigning these grey scale values to
these pixel areas.

[0029] The first input means may be for receiving a digital
source image comprising a plurality of image pixels each
having a contone value, and the apparatus may comprise in
addition: second input means for receiving a digital halftone
screen comprising a plurality of screen pixels, each having
a multi-tone value, every screen pixel corresponding to an
image pixel; third input means for receiving a set of cor-
rection values which are a function of the image layer;
thresholding means for thresholding the contone values of
the source image with the multi-tone values of the halftone
screen and with the correction values, to generate halftone
dots. The thresholding means may comprise a comparator,
for example.

[0030] The apparatus may comprise: means for obtaining
binary halftone dots from the source image, means for
transforming the binary halftone dots into blurred halftone
dots having a height profile in the form of a plurality of
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blurred halftone dot layers, and means for choosing a blurred
halftone dot layer to be printed as an image layer.

[0031] Alternatively, the apparatus may comprise: means
for obtaining binary halftone dots from the source image,
means for associating a height profile with the binary
halftone dots, means for deriving a plurality of halftone dot
layers from the height profiles, means for choosing a half-
tone dot layer of the binary halftone dots, and means for
transforming the halftone dot layer into a blurred halftone
dot layer to be printed as an image layer.

[0032] For each pixel under consideration the generation
of the height profile of neighbouring pixels may provide one
or more height values at the pixel under consideration, and
the apparatus may comprise: means for assigning the largest
height value provided by any one of the pixels including the
pixel under consideration to the pixel under consideration.

[0033] The apparatus may comprise means for application
of a morphological operator either before the application of
the topographic operator, at the same time or at a later time.

[0034] The present invention also provides a computer
program product for executing any of the methods of the
present invention when executed on a computing device
associated with a 3-D printing system. The present invention
also includes a machine readable data storage device storing
the computer program product.

[0035] The present invention also includes a control unit
for use with a 3-D printing system for printing a 3-D print
in a plurality of layers, the control unit being adapted for
controlling generation of the 3-D print from a source image
comprising a plurality of image pixels, the control unit
comprising: means for generating a filtered image by apply-
ing a topographic operator to the source image to generate
for every image pixel a representation of a pixel height
profile, the pixel height profile corresponding to a cross-
section through a 3-D print structure which is to be formed
on the 3-D print by 3-D printing, the topographic operator
having the following properties: any cross-section through a
solid section at a second level in the 3-D print structure
which is closer to the substrate than a first level has a larger
area than the area of the cross-section of the 3-D structure at
the first level, and means for generating a plurality of image
layers from the filtered image for printing the 3-D structures
using the 3-D printing system. The 3-D print may be a print
master and the topographic operator then has the additional
property that heights of all 3-D structures in the pixel height
profile which will form a printing surface all lie substantially
within one surface with reference to the substrate.

[0036] The present invention can be used to make print
masters comprising conventional halftones, frequency
modulation halftones or amplitude modulation halftones,
combinations of frequency modulated and amplitude modu-
lated halftones, stochastic halftones and/or solid text. The
present invention can also be used to apply spread and
choke. “Spread” means that lighter areas are spread into
darker areas (e.g. if a yellow T is to be printed on a black
background, a spread is applied on the T), and “choke”
means that a lighter background colour encroaches into the
enclosed colour (e.g. if a black T is to be printed on a yellow
background, a choke is applied to the background where the
T has to be printed). In order to obtain this, a special filter
is applied to each image pixel, such that a border line of
pixels is added in next to each cluster of pixels.
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[0037] These and other features and advantages of the
present invention will become apparent from the following
detailed description, taken in conjunction with the accom-
panying drawings, which illustrate, by way of example, the
principles of the invention. This description is given for the
sake of example only, without limiting the scope of the
invention. The reference figures quoted below refer to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1a is a diagrammatic cross-sectional view of
a part of a flexographic printing master according to the
present invention.

[0039] FIG. 1b shows selection of a topographic operator
as a function of image content in accordance with an
embodiment of the present invention.

[0040] FIG. 2 is an enlarged view of the protruding part
indicated as A in FIG. 1a.

[0041] FIG. 3 illustrates the relationship between image
pixels, screen pixels and halftone dots.

[0042] FIG. 4 is a diagrammatic overview of a digital
halftoning method according to the prior art.

[0043] FIG. 5 is a diagrammatic overview of a first
embodiment of method for creating print masters according
to the present invention.

[0044] FIG. 6 illustrates the stacking constraint for sub-
sequent layers when carrying out 3-dimensional printing
according to the present invention.

[0045] FIG. 7 illustrates the area difference between two
subsequent layers of a protruding part of a printing structure
according to the present invention.

[0046] FIG. 8 is a diagrammatic overview of a second
embodiment of a method for creating print masters accord-
ing to the present invention.

[0047] FIG. 9a is a schematic representation of an
embodiment of a 1-dimensional dot profile according to the
present invention and,

[0048] FIG. 9b shows application of this kernel in accor-
dance with an embodiment of the present invention.

[0049] FIG. 10 is a schematic representation of a 2-di-
mensional filter kernel according to an embodiment of the
present invention

[0050] FIG. 11 is a binary image corresponding to a 1%
tone at 720 dpi for 53 Ipi screening.

[0051] FIG. 12 is a height map obtained by filtering the
binary image of FIG. 11 with the filter of FIG. 10 according
to the present invention.

[0052] FIG. 13 is a binary image corresponding to a 25%
tone at 720 dpi for 53 Ipi screening.

[0053] FIG. 14 is a height map obtained by filtering the
binary image of FIG. 13 with the filter of FIG. 10 according
to the present invention.

[0054] FIG. 15 is a binary image corresponding to a 75%
tone at 720 dpi for 53 Ipi screening.
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[0055] FIG. 16 is a height map obtained by filtering the
binary image of FIG. 15 with the

[0056] filter of FIG. 10 according to the present
invention.

[0057] FIG. 17 is a diagrammatic overview of a third
embodiment of a method for creating print masters accord-
ing to the present invention.

[0058] FIG. 18 is an enlarged portion of FIG. 15.
[0059] FIG. 19 illustrates partial dotting.

[0060] FIG. 20 is a schematic representation of a 3-D
printing system in accordance with an embodiment of the
present invention.

[0061] FIG. 21 is a diagrammatic representation of a suite
of programs for generating a pint file for a 3-D system in
accordance with an embodiment of the present invention.

[0062] In the different figures, the same reference figures
refer to the same or analogous elements.

DESCRIPTION OF ILLUSTRATIVE embodiments

[0063] The present invention will be described with
respect to particular embodiments and with reference to
certain drawings without being limited thereto. The draw-
ings described are only schematic and are non-limiting. The
present invention will mainly be described with reference to
print masters but the invention is not limited only to forming
print masters and may find general application to printing
3-D prints within the scope of the attached claims. For
instance, although the invention is described with reference
to certain types of print masters, it may be applied advan-
tageously to any form of image transferring element, e.g.
equally well to a rubber stamp as to a gravure or flexo-
graphic printing master.

[0064] The term “printing” as used in this invention
should be construed broadly. It relates to forming markings
whether by ink or other materials or methods onto a printing
substrate or medium. The term “printing” in accordance with
the present invention not only includes marking with con-
ventional staining inks but also the formation of printed
structures or areas of different characteristics on a substrate,
e.g. the printing of adhesives or fluorescent inks or soldering
masks. The term “printing medium” or “printing substrate”
should also be given a wide meaning including not only
paper, transparent sheets, textiles but also flat plates or
curved plates. In addition the printing may be carried out at
room temperature or at elevated temperature, e.g. to print a
hot-melt adhesive the printing head may be heated above the
melting temperature. Accordingly, the term “ink™ should
also be interpreted broadly including not only conventional
inks but also solid materials such as polymers which may be
printed in solution or by lowering their viscosity at high
temperatures or inorganic materials such as metals which
may be printed in dispersion, as well as materials which
provide some characteristic to a printed substrate such as a
structure on the surface of the printing substrate or water
repellence, as well as adhesives or binding molecules such
as DNA which are spotted onto micro-arrays. As “ink
carrier” both water and organic solvents may be used. Inks
as used with the present invention may include a variety of
additives such as anti-oxidants, pigments, cross-linking
agents, wetting agents and surface tension agents. The term
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“image” should also be interpreted broadly and includes any
form of pattern whether this forms a recognisable picture or
not or just a regular array of dots, e.g. of adhesive. 3-D
printing may be described as forming an object from a
material which is or can be rendered flowable and is dis-
pensed. The material solidifies in layers or laminae or is
otherwise physically transformed into such. The material
becomes form stable to thereby form an object on a layer-
by-layer basis. In particular, a material which is flowable or
can be rendered flowable is deposited in a pattern to form a
thin slice of a cross-section of the object to be formed, a
process sometimes called selective deposition modelling or
manufacturing. The successive layers of the material
solidify or otherwise physically transform into form stable
material upon or after being dispensed thereby forming
layers of the object, each layer representing a cross-section
of that object. The term “layer” is sometimes referred to as
a lamina or a cross-section, and these terms are considered
to be all equivalent to each other. The dispensing of the
material will normally be done under the control of a
computing device, such as a computer, especially a personal
computer, a microcontroller or similar.

[0065] The present invention is based on the concept of
representing the 3-D shape of a printing master as a topo-
graphic map, that is that height contours of the 3D shape of
a printing master are represented in a map or 2-D spatial
pattern, e.g. by variations in grey scale values. A topographic
map is basically a 2-D spatial pattern in which height
information is coded by means of a multi-value property of
each pixel of the map, e.g. a grey scale value. From this
representation, a print file for a 3-D printer may be derived.
The topographic map is generated from the 2-D spatial
information found in or derived from the original input
image. The input can be one of several types of image,
especially a binary image, i.e. an image which is formed of
areas having a first binary value and other areas having a
second binary value. This input image has been digitised, i.e.
it is represented as an array of discrete image elements
which may be called “pixels”. In the present invention the
word pixel or pixel area is used as a reference to an element,
preferably an atomic element of an image in its broadest
sense. The binary image may be obtained by any suitable
means, e.g. it may be recovered from a file, it may be
generated from a contone image or a hybrid of a contone and
a text or line art image by application of a halftoning
technique, it may be a text or line art file, or it may be
generated de novo and directly via a suitable algorithm, e.g.
a fractal function which generates a specific pattern when
executed.

[0066] A topographical operator is then applied to the 2-D
spatial binary image to form a topographic representation of
that image, i.e. an image which includes data which may be
interpreted as a 3-D shape, e.g. of a printing master. The
topographic operator is applied to the 2D spatial information
to create a representation which can be used to print a print
master, i.e. the representation after application of the topo-
graphic operator contains information which relates to the
third dimension of height. This topographic operator pro-
cessing may be summarised as follows.
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[0067] A pxq binary image may be represented by the
matrix P :

AL @

0,1
g =

0,1}
. P

[0068] where P represents the value of the ij™
image element or pixel of an pxq array of pixels,
whereby the values may be selected from a mem-
bership function containing only two possible (hence
binary) values (represented here for clarity’s sake by
1 or 0, but they could be any two values of any kinds
of symbols). After the application of a topographic
operator in accordance with the present invention
this matrix is transformed into:

Tf?”' s} ) ) ) 3)
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[0069] where Tij(0 -+ ® represents the value assigned
to the ij™ matrix element of an nxm matrix of pixels,
this value being selected from a membership func-
tion which includes more than two values, i.e. values
{0 .. .s}. The spacing of the members of the set {0
... s} need not be uniform. The matrix size (i.e. the
resolution of the transformed image) does not have
to be the same as the pxq input image, e.g. the
resolution could be the same or could be less or
higher to adapt to a specific capability of the
3D-printing system to be used to make the printing
master. Again, the use of 0 and s as descriptors of
these multiple values is only for convenience’s
sake—they could be any values, e.g. any symbols
such as characters, numbers, letters, etc. Then, a
height value is assigned to each of the values {0 . .
. s}, this height value being such that the value of {0
... s} assigned to a matrix element T is a represen-
tation of the height of the corresponding image
element in a topographic map which is to represent
the printing master. This height is for example rep-
resentative of the height above a substrate of a pixel
printing 3-D structure of a printing master. There are
two restrictions on the topographic operator which
transforms the matrix P into the matrix T:

[0070] a) The heights of the matrix elements T
which correspond to the picture elements P;; which
have one of the binary values in the original binary
image matrix P, must all be coordinated such that a
printing surface is generated which is formed by all
picture elements P; having this first value. For
example, assuming the printing master is to be
formed by 3-D printing onto a substrate, all the
heights of picture elements P;; having one of the
binary values (e.g. “17) can have substantially the
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same height above the substrate after 3-D printing of
the plate. This substantially equal height restriction
is required to form a printing master which will print
uniformly without leaving gaps. The pixel elements
P;; having the other value will generally have values
which differ from each other. Note that substantially
equal height is not necessary to fulfil the requirement
that good printing is obtained—the printing master
could slope uniformly in one direction, for example.
What is important is that all the printing parts of the
master that at a given time instance on the press
make contact with the medium to be printed lie on a
single surface, e.g. a plane. Making all printing parts
with the same height above the substrate is one
embodiment which fulfils this requirement.

[0071] b) Any cross-section through solid protrusions
of the printing master at a second level in the 3-D
print structure which is closer to the substrate than a
first level has an area equal to or larger than the area
of the cross-section of the 3-D structure at the first
level. This guarantees that any protrusion is
adequately supported and there are no overhangs.

[0072] In addition to the above restriction, an optional
restriction is that areas at the uppermost positions of the 3-D
print structures of the printing master which will be used for
printing are substantially equal to the areas of corresponding
pixels of the binary source image. In the case of flexo-
printing, it is the areas of the printing master which are at the
top of the protrusions which will be used for printing and
which should be substantially the same area as the areas
having one of the binary values in the binary image. On the
other hand, in the case of certain types of gravure printing
it is the volume of a printing well which determines the level
of the printed grey scale and not a printing area. In this case,
a pixel area of the binary image does not map to an area of
printing surface in the printing master, instead it maps to the
volume of the topographic map representation which repre-
sents the corresponding ink well. Thus, the topographic
operator which is used for making a gravure printing master
is fundamentally different from a printing master for flexo-
graphic printing but both are included within the scope of the
present invention.

[0073] There are, however, several other situations when
this restriction on maintaining pixel area is not applied
exactly:

[0074] Where there is dot spread which has to be allowed
for in the printing process the area of the printing surface in
the printing master may be different, e.g. smaller than the
pixel area in the binary image. Note that this problem can be
compensated either in the way binary image is constructed
or in the way the 3-D printing file for the printing master is
derived from the binary image.

[0075] Where the printing master is made flat and then
applied to a drum the actual printing areas of the printing
master must be made smaller in the circumferential direction
so that they achieve the correct size after the distortion
caused by application to the drum.

[0076] In the case of image spread and choke the printing
areas on the printing master are made deliberately larger or
smaller, respectively. For example this can be done for
certain colour separations in order to improve the boundaries
between light and dark colours.
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[0077] The above three cases may be generalised in that
they all change the shape or morphology of the pixels. Thus
they all involve the application of one or more morphologi-
cal operators. Thus the present invention includes both
application of a topographical operator and application of a
morphological operator. These may be applied in one step,
i.e. it is possible to combine the topographic and morpho-
logical operators into one filtering function so that a mor-
phological and a topographic operator are applied at the
same time, or even to apply the morphological operator
before the topographical operator as a pre-processing step.

[0078] The above may be generalised to the case in which
the input image may be a full colour grey scale image (which
includes a binary image or a combination of binary and
contone images) which may be represented by:

P @

0.1}
P .
i
Py =

0...1}
. P

[0079] where Pij’{0 -+ represents the a black/white or full
colour grey scale value of the ij'" image element or pixel of
a pxq matrix, whereby the value for each pixel may be
selected from a membership function containing values {0 .
. . t}. For example, each pixel may be defined by a 16 bit or
8 bit colour reference. Again, the use of 0 and t as descriptors
of these multiple values is only for convenience’s sake—
they could be any values, e.g. any symbols such as charac-
ters, numbers, letters, etc. Such an image may be a contone
image. In general the input image according to the present
invention is a 2-D spatial distribution or pattern which can
be printed. Examples of such images are not only text,
photographs, graphics artwork but also graphs, arrange-
ments of symbols, different texturing areas in a 2-D form or
arrangements of adhesive areas to be printed on to a printed
circuit board. At each location within the pattern, one or
more scalar quantities define local values, e.g. colours
and/or luminosity. The topographic operator in accordance
with the present invention operates on one or more of the
scalar values to generate a representation which can be use
to create a 3-D print. The height information generated by
the topographic operator is different from any explicit or
implicit height information contained in the input image.
The input image of the present invention should be distin-
guished from a 3-D image which is ready to be printed by
a 3-D printer. For example, it is possible to make a 3-D scan
of a flexographic printing plate and to print this 3-D image.
The spatial 2-D input image of the present invention does
not contain explicit information in the third spatial dimen-
sion required to print the corresponding printing plate. This
type of 3-D image is first created in accordance with the
present invention after application of a topographic operator
to convert the “flat” 2-D image into a contoured relief image.
The topographic operator is applied to the 2D spatial infor-
mation to create a representation which can be used to print
a 3-D print such as a print master, i.. the representation after
application of the topographic operator contains information
which relates to the third dimension of height. Also,
although an image can contain implicit height information
not related to how it is to be printed (e.g. it is a 3D
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perspective scale drawing) one of the topographic operators
according to the present invention generates height infor-
mation related to a print master, that is not related to height
information implicitly contained in the input image.

[0080] Hence, after the application of such a topographic
operator this matrix 4 (P,,) is transformed into at least one
matrix of the form:

T}(l)... s} ) ) ) [©)]

0. s
Ty Y.

. oTi0.. s
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[0081] where T° S) represents the value assigned to the ij™
matrix element of a nxm matrix, this value being selected
from a membership function which includes the values {0 .
.. s}. The spacing of the members of the set {0 . . . s} need
not be uniform. The numbers n and m need not the same as
p and q of the input image. The number of values in the
membership function {0 . . . s} is not usually the same as the
number in the membership function {0 . . . t}. Then, a height
value is assigned to each of the values {0 . . . s}, this height
value being such that the value of {0 . . . s} assigned to a
matrix element T is a representation of the height of the
corresponding image element in a topographic map which is
to represent a 3-D structure of the printing master. Thus the
filtering operation using the topographic operator may be
applied to a contone input image or similar image or to a
binary image. For example, the binary image may first be
formed from the contone image and the topographic opera-
tor may be applied to the binary image in order to create the
topographic map from which the print file for a 3-D printing
system is derived. As previously described, the application
of a morphological operator may be done simultaneously or
sequentially with respect to the application of the topo-
graphic operator.

[0082] Generally, a matrix T, , will be generated for each
colour separation, e.g. three for CMY printing, four for
CMYK printing or any other number in the case of spot
color printing, and each such colour separation transform
matrix will be used to create one master of a set of printing
masters. Each colour separation is treated separately in order
to create a plurality of printing masters, e.g. three masters for
CMY printing, four masters for CMYK printing or any other
number in the case of spot color printing.

[0083] The transform matrix T, defines a topographic
map whereby areas of equal height above the substrate onto
which the printing master profile will be printed are defined
by each pixel of that area having a value of one member of
{0 .. .s} or a member at a higher level. Thus areas defined
by pixels which have a value of {0 . . . s} equal to or above
a certain member of this set define a level or slice through
the three-dimensional structure to be printed, in a similar
way to contours do on a 3D-relief of a geographic map. This
height coding is implicit in the image, i.e. a 2-D spatial
matrix T_ is coded for height rather than being a true 3-D
matrix. Each of these levels is shown as a layer 16 in FIG.
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1a. Each such a layer of the topographic map may be derived
from the T,,, matrix:

of gezhio.) ) ) ) 6)
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[0084] where °'T,_ is a binary matrix for one printing
layer of a printing master which will be used in a printing
operation to print a colour C1, in which each pixel 01Tij has
a value which is determined by having a first binary value
when the value of the pixel in T, is s=a value h of the set
and is otherwise the second binary value. It is to be under-
stood that the convention applies that the greater the value
of s the greater the distance from the substrate onto which
the 3-D structures of the printing master are to be printed.
However, other conventions are possible, e.g. that the lower
the value of the s, the greater the height above the substrate
in which case the relationship changes to s=h.

[0085] Only the pixels with the first binary value are
printed by the 3-D printing system for this layer. Hence,
areas as defined by “'T, with s=h and having the first
binary value may be translated directly into printed layers on
the substrate to form the printing master. Alternatively, these
contour layers may be further processed to define other
printing layers, e.g. by interpolation between layers defined
by members of the set {0 . . . s} or by selecting less than the
complete number of layers defined by the set {0 . . . s}, e.g.
every other one.

[0086] The complete set of matrices which define the set
of printing masters which are required for full-colour print-
ing using a set of colours C1 to Ck may be represented by
a set of T matrices one for each colour and for each value of
h from h=0 to h=s:

{ Tms oo KT} = @
- ps=h{0,1} h=s
s . . .

pszh{0,1
c T‘j) 10,1} .
1 rs=h{0,1
. clshoLy |
k ps=h{0,1} h=s
“Tiy
C"Tfh‘o'” .
ck rs=h{0,1}
. ok o

[0087] This set of matrices is then used to form a print file
for the 3-D printing system. The layers s described by these
matrices may be the same as the layers of 3-D printing which
will form the print master however the present invention is
not limited thereto. Additional topographic transformations
may be applied to the set of matrices 7 before making print
files for the 3-D printing system. A preferred embodiment of
the present invention takes the topographic map described
by the above matrices and slices it’s 3-D representation
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horizontally into a plurality of layers O . . . v, i.e. the set of
s values becomes a set of v values {0 . . . v}, whereby the

number of slices, i.c. the number of members of the set {0
...V} is not necessarily the same as the number in the set
{0 . .. s}. The spacing of the members of the set {0 . . . v}
need not be uniform. Each slice then forms a layer to be
printed. The most general description of the print file is
given by a set of matrices one for each colourcl . . . ¢, and
for each value of h between zero and v is, therefore:

T o F T} = @®)
7 pv=h{0,1} f=v
S

1 v=h{0,1
c T;JV->‘ } .
1 pv=h{0,1
< T,f;‘ }
=
clevlzhw,l) v
K pvz=h{0,1
c T;JV->‘ } .
k pv=h{0,1
Y Nl

[0088] There may be several reasons for the transform
from 7 to 8 (or from 5 to 8) other than slicing. In another
preferred embodiment of the present invention the additional
topographic operator may be to change the slope of the
mechanical buttressing of each pixel shown in FIG. 1a. This
requires making detailed changes to the widths of each layer
to be printed, whereby these changes are applied selectively
depending upon the pixel size, i.e. upon source image
content. Thus a small pixel may require larger supporting
layers underneath it compared to a large pixel area. Such
changes may need to be made depending upon the material
which is to be used to make the printing master for instance.
An example of this is shown graphically in FIG. 1b. In the
upper drawing a binary image has been operated upon by a
first topographic operator to spread each binary pixel and to
create a representation which can be transformed into 3-D
structures, e.g. a printing master. However, this spreading
operation has certain disadvantages. Firstly, as shown on the
left in the upper drawing, a near-black area (e.g. to provide
99% ink coverage when used as print master) has very small
spaces between the raised portions of the printing master.
These are blocked by the spreading operation. Thus an
application of a topographic operator adjusts this condition
as shown in the lower drawing, so that the spaces at the top
of 3-D structures remain open and print correctly. Secondly,
very light grey areas (e.g. 1% areas) have pixel structures
which are tall and narrow as shown in the middle of the top
drawing. Operation of a topographic operator may change
the slope of the buttressing walls as shown in the bottom
drawing to provide a better mechanical support for these tall,
thin structures. Thus, the present invention includes appli-
cation of a topographic operator which alters the topography
of the final 3D-print based on the image content of the
source image.

[0089] Further, the heights of each pixel structure in the
printing plate may have to be artificially increased, e.g. if a
planarizer according to U.S. Pat. No. 6,305,769 is used, the
final height achieved in 3-D printing is not the same as the
input height to the printer. Thus, a topographic operator may
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need to be applied to artificially increase the height of each
pixel to be printed in order to achieve the correct height in
the 3-D print after printing and planarising.

[0090] Another embodiment of a topographic operator
that changes heights of pixel structures may be the case in
which the height of small pixels areas is lowered compared
to the height of large pixel areas because small and large
pixel areas on the printing master behave differently in the
nip of a flexographic press, i.e. in the contact zone between
the anilox and the printing master and between de printing
master and the print media. To ensure contact in said nip a
pressure is exerted between the printing master and the
anilox respectively the print media. Large pixel areas in the
printing master are impressed locally reducing their height,
while small individual pixels with narrow mechanical but-
tressing are prone to Euler buckling when put under pres-
sure. This buckling effect not only induces wear of the pixel
area but also influences image quality in a negative way (e.g.
unpredictable printed dot size and shape for isolated pixels).
One way to overcome this wear or unreliable behaviour of
small pixel areas is to lower the height of these areas so as
to only gently touch the anilox and the print media when the
printing master is pressed against them. The amount of
height that small pixel areas need to be lowered on the
printing master with respect to the default height of the 3-D
printing master structures can be calculated from the overall
contact area between printing master and for example the
anilox in the nip, the pressure between both, the shape of the
mechanical buttressing and physical characteristics (e.g.
strain) of the material or materials used to build the 3-D
structures on the printing master. The topographic operator
required to do this kind of transformation is applied selec-
tively depending upon the pixel size and upon the relief area
of the printing master (i.e. image content) in the nip of the
flexographic press. This embodiment shows that the present
invention also includes application of a topographic operator
which alters the topography of the final 3D-print based on
3-D printer and/or printed material properties or parameters.

[0091] All such operations on an input image as defined by
any of equations 5 to 7 are also application of a topographic
operator in accordance with embodiments of the present
invention.

[0092] As will be appreciated from the above, the input
image may be an analog image, a contone image, a binary
image, a combination of a binary image and contone image
or an image containing implicit height information which is
then, in accordance with the present invention, transformed
into the set of matrices {*T%,_, ... TV} by one or more
topographic operators and optional morphological opera-
tors.

[0093] The present invention includes suitable pre-pro-
cessing steps on the input image to render it suitable for
transformation with a topographic operator according to the
present invention. For example, when the image is an analog
image, the image is first digitised and stored on a suitable
data carrier or in a suitable memory. The input image may
have a colour gamut which requires a coding of too many
bits to be compatible with the computer system used to
transform the image into the topographic map used by the
present invention as an input file to the 3D-printer. In such
cases the skilled person has various techniques available to
carry out a colour classification to render the image with less
bits/colour.
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[0094] In the following a 3-D printing method will be
described which can be carried out by dispensing liquid
materials but the present invention is not limited thereto, but
includes within its scope any suitable method of 3-D print-
ing, e.g. by dispensing powders, meltable solids, solidifiable
or hardenable liquids, etc.

[0095] As an example of a transferring element in accor-
dance with an embodiment of the invention, a printing
master 2 for flexographic printing is described, as shown in
FIG. 1a. This printing master 2 comprises a printing master
substrate 4 and a plurality of protruding parts 6 separated
from each other by recesses or wells 8. In flexography, the
protruding parts 6 are used for printing, e.g. the surfaces of
the protruding parts 6 form a pattern or text and the plate 2
is used to transfer an image of the pattern or text to a suitable
medium. In gravure the wells are used. In the following
reference will mainly be made to flexographic printing
masters but the skilled person will appreciate that the same
teaching may be adapted to be applied to other forms of
printing e.g. gravure.

[0096] The protruding parts 6 according to the present
invention each have a bottom side 10 at a surface 12 of the
substrate 4, and a top side 14 away from the substrate 4. It
can be seen from FIG. 1a that in a cross-section perpen-
dicular to the surface 12 of the substrate 4, the protruding
parts 6 have a shape which is not uniform over its height. In
particular they are wider at the bottom side 10 than at the top
side 14.

[0097] The protruding parts 6 are made from a plurality of
layers Ly, L, L,. Ly, as can be more clearly seen from FIG.
2, whereby the top layer L is smaller in width than the
bottom layer L. The dimensions D of the top layer L in the
plane of the substrate surface 12 define the dimensions of the
dot that will be printed, as the top layer L forms the top side
14 of the protruding part 6.

[0098] The protruding parts 6 have a specific shape and
may include a slope 16 between bottom layer L, and top
layer Ly. This slope 16 may be dependent on the diameter
or cross-sectional area of the top side 14 of the protruding
part 6. This cannot be obtained easily with a conventional
etching technique, as different slopes would require different
etching techniques or different etching parameters (i.e. pro-
cess settings). Thus, according to an aspect of the present
invention, the shape of a vertical cross-section of a protrud-
ing part 6 may vary depending upon the size of the printing
part of the raised portion. A reason for this is that the
mechanical strength of small protrusions can be lower than
for large protrusions, hence small protrusions need more
buttressing on their sides. For example, the smaller the top
layer Ly, the less steep the slope 16 preferably is, in order
to give enough support for small protruding parts 6. Further,
the slope may not be the same at all positions around the
circumference of the protruding part. That is, one or more
sides of the protruding part may have a less or more steep
slope in order to obtain specific and useful mechanical
effects, e.g. mechanical reinforcement in one or more par-
ticular directions.

[0099] According to an embodiment of the present inven-
tion, all protruding parts 6 form halftone dots on a fixed grid,
ie. with a fixed frequency and a fixed screen angle. The
protruding parts have a different size to modulate the tone
obtained (amplitude modulation). The screen period 18 of
the grid is shown in FIG. 1.
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[0100] According to another embodiment of the present
invention (not represented in the drawings), the protruding
parts 6 form fixed-sized halftone dots on a variable grid, i.e.
the tone value obtained is changed by changing the average
spacing between fixed-sized dots. This is called frequency
modulation halftoning.

[0101] According to yet another embodiment of the
present invention (not represented in the drawings), hybrid
halftoning may be used, in which a combination of ampli-
tude and frequency modulation is used, e.g. in certain tone
ranges, the size of the dots on a fixed grid is varied, while
in other tone ranges the spacing between fixed-sized dots is
varied.

[0102] The halftone dots can be obtained by digital half-
toning, i.e. by calculations on a computing device, which
convert an image into a map of binary halftone dots. Digital
image processing techniques are used to convert contone
image pixels (or thus image pixels with a number of grey
level values, typically 255 grey level values) into a halftone
dot pattern, i.e. into a binary pattern of black dots and white
areas. Conventional digital halftone dot patterns are created,
as illustrated in FIG. 3, by superimposing an image grid 30
comprising image areas 32 comprising contone pixels 33
over a screen grid 34 comprising cells of screen function 36.
Each cell of screen function 36 comprises a plurality of
screen pixels 37 with different grey values. Each contone
image area 32 can be considered to contain the same size of
image pixels 33 as a screen cell 36 contains screen pixels 37,
whereby in the example given in FIG. 4 all image pixels 33
of the image area 32 have the same grey value (this has been
done for reasons of simplicity only, and does not need to be
s0). Halftone cells 38 comprising halftone pixels 39 forming
halftone dots 35 are obtained by a method of thresholding.
The halftone pixels 39 within a halftone cell 38 can represent
the smallest marks that can be made by the printing device.
Dark halftone pixels 39 clustered together in a halftone cell
38 form a halftone dot 35.

[0103] The conventional halftoning result for one halftone
cell 38 is illustrated in FIG. 4. Each location (pixel) of a
matrix in this FIGURE is given a number, e.g. 54, which
relates to the image density at that position. The upper
matrix represents an image area 32, which is a regular array
of contone image pixels 33. The image area 32 represented
in FIG. 4 has a constant image density for reasons of
simplicity only. The lower matrix represents a screen func-
tion 36 in which the image densities of the screen pixels 37
vary over the screen function 36. Corresponding pixels in
the image area 32, screen function 36 and halftone cell 38
are pixels 33, 37, 39 which occupy the same location (row
number and column number) in the respective arrays. The
image pixel 33 and the corresponding screen pixel 37 have
the same surface area. Different screen pixels 37 have
different grey levels (different values shown in the example
given) defining the screen function 36. Each image pixel 33
having a certain grey level (value “54” in the example given)
is superimposed onto a corresponding screen pixel 37 in a
summation circuit 40, i.e. the grey value of every image
pixel 33 is summed with the grey value of the corresponding
screen pixel 37. The result 42 is thresholded by comparing
it in a comparator 44 with a threshold value 46, for example
the value “255”. If the sum of the grey values of an image
pixel 33 and a screen pixel 37 exceeds the threshold value
46, the corresponding halftone pixel 39 of the halftone cell
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38 is black; if not, it is put white. All black halftone pixels
39 in a halftone cell 38 form a halftone dot 35. Alternatively,
instead of thresholding the sum 42, grey values of the
original image and grey values of the screen can be simply
compared: if the grey value of the image pixel 33 is smaller
than the grey value of the corresponding screen pixel 37,
then the corresponding halftone pixel 39 in the halftone cell
38 is white, otherwise it is black. The result is a conversion
of a contone pixel image area 32 into a halftone dot 35 which
is formed in a halftone cell 38, i.c. a contone value has been
converted to a digital (binary) entity which is either black or
white. The digital halftone dot 35 has a total area relating to
the original image density of image area 32. FIG. 4 only
shows one digital halftone cell 38 having halftone pixels 39.
When a plurality of such halftone cells 38 are printed one
next to the other, and the pixels 39 are small enough, the
human visual system fails to perceive the individual halftone
dots 35 and integrates them into a perceived tint level. This
tint is dependent on the percentage of the halftone cell 38
which has halftone pixels 39 which are black. It can be seen
that different dot sizes are obtained for representing different
contone values of image areas using amplitude modulation.

[0104] In order to obtain halftone cell definitions accord-
ing to an embodiment of the present invention, a sum of the
densities of an original image or source image and a screen
is thresholded, as schematically represented in FIG. 5.
However, according to one aspect of the present invention,
a correction or modification of the dot area is made as a
function of the position or height of the layer (i) within the
3-D shape to be printed and the original tone value. This is
needed because when producing the protruding parts 6 of the
printing master 2, the final result of the 3-D printing will be
a three-dimensional structure whose top surface has an area
equal to the area of the halftone dot to be printed, and is
located where the halftone dot needs to be printed. However,
at least some of the layers L, . . ., Ly_; underneath the top
layer Ly will be designed to provide support and will be
larger than the final halftone dot size. As each layer L, must
provide a base for the next layer L,,1, a stacking constraint
has to be taken into account: layer L,,,, has to come on top
of where layer L, has been applied. Therefore, layer L;,; ¢
a particular 3-D shape can never be larger than layer L, of that
same 3-D shape. This is illustrated in FIG. 6 and FIG. 7.
The surface area A, of layer L, is:

AmaD?4 ©
[0105] The surface area A, of layer L, 1, is:
Ai+1=7'1Di+12/4 (10)

[0106] The difference in surface area between two subse-
quent layers L; and L, ,, is:

AA=A;

i1~ an
[0107] Therefore, when applying each layer L, . . ., Ly
of the protruding parts 6 forming a halftone dot, a correction
value is taken into account, so that each layer L, is not
smaller than layer L, ;, on top of it. All layers L, . . ., Ly_;
applied underneath the top layer Ly have an area which is
not smaller than the area of the top layer (which area
corresponds to the surface of the halftone dot). The closer
the layer to the substrate surface 12, the larger the correction
value for a same tone value of the original image or
corresponding halftone dot size. Furthermore, the correction
value may be dependent upon this tone value or correspond-
ing halftone dot size to be printed. For example, depending
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on how dark the original image is or how large the corre-
sponding halftone dots are, the correction value for a same
layer may be made larger or smaller. Also the correction
factor may vary with the number of layers deposited, e.g.
there is initially a rapid reduction in size followed by a small
reduction in size as the protruding part approaches the last
(upper layer) layer.

[0108] Accordingly, the layers L, to Ly_; applied under-
neath the top layer L, may be applied so as to give optimum
support for the top layer Ly. Also, each layer has a rela-
tionship to the top layer to be formed, this relationship being
dependent upon the exact algorithm for the correction fac-
tors. Furthermore, each dot should ideally exert the same
pressure when printing, which can also be achieved by
adjusting the layers underneath the top layer L. For
example, different materials may be used to form the pro-
truding elements 6 of the printing master 2. The stiffness of
the final material, e.g. after cross-linking, hardening or
solidifying, may be selected to give uniform properties to
each protruding element 6 of the printing master 2 indepen-
dent of its size.

[0109] Typically, the halftone dots 35 may be calculated
from the contone image off-line and then stored for later
printing. Optionally, the halftone dots 35 may be calculated
on-the-fly, i.e. during printing. In the later case, only the
original image and the image to be printed at a specific
moment in time need to be stored.

[0110] According to an embodiment of the present inven-
tion, as shown very schematically in FIG. 8, in a first step
halftone pixels 39 are calculated, by summing grey values of
each image pixel 33 with a corresponding screen pixel 37 in
a summation circuit 80, and by thresholding the summation
result 81 in a comparator 82, e.g. by comparing the sum-
mation result 81 with a threshold value 83. Although refer-
ence is made here to circuits, it will be understood by the
skilled person that this relates to functions and not neces-
sarily to physical implementations. The latter may be in
hardware or may be provided by a computing device pro-
grammed to carry out the respective functions. Hence, a
computing device such as a microprocessor or a digital logic
element such as a programmable gate array, a PAL, PLA or
Field Programmable Gate Array may be programmed to
carry out these functions.

[0111] The obtained halftone pixels 39 form halftone cells
38 comprise halftone dots 35 which are binary halftone dots
of a certain size. Printing that size of binary halftone dots
corresponds to a certain tone value. The transformation from
a single layer halftone image containing halftone dots to a
corresponding multi-layered 3-D structure of the printing
master is obtained by correcting each halftone pixel 39 with
a correction value 85 which has as parameter the position of
the image layer in the layer stack, as will become clear from
following examples. That way, binary halftone dots 35 are
transformed into spread halftone dots 86. The transforma-
tion, or spreading, may be done by applying a smoothing
algorithm or a spreading filter. Such a filter may be a digital
filter which may be discrete in that it filters based on a finite
number of values around a pixel of interest or it may be
continuous, i.e. the digital filter extends over the complete
area of the image and the values of each pixel contribute
some value to the filtered pixel of interest. Such a spreading
function or spreading filter may be described as a topo-
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graphic operator. The transformation function is constructed
so that the result depends on the height of the image layer in
the layer stack. When printing, an image layer in the spread
halftone dots 86 is selected by a layer selection device 87,
and the right size of the halftone dot for that layer is printed.
The layer selection may for example be done by a control
unit such as e.g. a micro-controller or an FPGA.

[0112] This embodiment is exemplified in FIGS. 9 to FIG.
16. In a first step, a 1 dimensional spreading function 50 of
a pixel is specified, as shown in FIG. 9a. In the example
given, the 1 dimensional spreading function 50 of the pixel
is described (the skilled person will appreciate that this can
be extended to two dimensions, further details are given
below) as follows: {0.2, 0.4, 0.6, 0.8, 1, 0.8, 0.6, 0.4, 0.2}
The “1” 1n this spreading function description means that, to
create a dot corresponding to the size of a pixel of the
recording system at a given pixel location 52, a dot is printed
on that pixel position 52 for each of the layers. Neighbouring
pixel locations 54 receive 80% of the layers, pixel locations
56 at a distance of 2 receive 60% of the layers, pixel
locations 58 at a distance of 3 receive 40% of the layers,
pixel locations 60 at a distance of 4 receive 20% of the
layers, and pixel locations at a distance of 5 or more receive
no layers. To build a 400 um relief, for example 100 layers
of 4 um thick each may be stacked. In this case, 20% of the
layers corresponds to 20 layers, 40% of the layers corre-
sponds to 40 layers, and so on. In the example given, the
slope of the 3D structure of the dot ultimately obtained will
have an angle of 45°, but by changing the number of layers
for a pixel at a distance from the dot to be printed, and thus
the values of the number of layers in the 1 dimensional
profile, the slope can be changed so as to be, for example,
less steep for pixels further away from the dot to be printed,
and steeper for pixels closer to the dot to be printed. An
example of such a 1 dimensional profile could be e.g. {0.1,
0.2,0.3,0.5,1,0.5,0.3,0.2, 0.1}. Furthermore, more or less
neighbouring pixels can be taken into account, in order to
provide another kind of support. In the example given, a
pixel and 4 neighbouring pixels to each side are taken into
account, but this could be for example only 3 neighbouring
pixels to each side, or 5 neighbouring pixels to each side, or
any suitable number, depending on the required or desired
support. Furthermore, the number of pixels taken into
account on each side of the dot to be printed, does not need
to be equal, nor do the numbers for neighbouring pixel
locations in the spreading function description have to be the
same in each direction, i.e. along each dimension of the
image.

[0113] From the 1 dimensional profile 50, a 2 dimensional,
for example rotation invariant, filter kernel is created, which
contains the 1 dimensional profile as a cross-section. This
may be done by rotating the profile. In case of the first
example given above, a 9x9 filter kernel is obtained, as
shown in FIG. 10. The darker the areas in FIG. 10, the
higher a corresponding pixel will be printed (i.e. the more
layers will be printed at that pixel location onto the substrate
of the printing master). In each area (corresponding to a
pixel) in FIG. 10, a number is mentioned, which corre-
sponds to the number of layers (in percentage of the total
number of layers to be printed to obtain full height) that will
be printed for a pixel at that location. For example, the solid
black area in the center, corresponds to a pixel which
receives 100% of the layers. The adjacent dark grey areas
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correspond to pixels which receive 80% of the layers. The
white areas correspond to pixels which do not receive any
layer.

[0114] In the example given above, the created filter
kernel is point-symmetrical. This does not need to be the
case: in other embodiments the created filter kernel may for
example be line-symmetrical, or not symmetrical at all. In
all cases the filter may be described as the application of a
topographic operator.

[0115] Referring again to FIG. 8 the halftoned binary
image pixels 39 is corrected or filtered with the created filter.
For each filled (or black) pixel, the influence of this pixel is
spread out to its neighbouring pixels according to the filter
coefficients, i.e. according of the number of layers neigh-
bouring pixels should receive as specified in the filter
description. It is preferred if a non-linear filter is applied. For
example, the influence of all neighbouring pixels at any
pixel location is taken into account by selecting only the
largest influence from any of these pixels at any point in the
image and ignoring any others. This is shown schematically
in FIG. 9b. In the upper image a singe pixel of the original
binary image is spread using a topographic operator into a
series of values on either side of the pixel. In the middle
image the same is done for two single pixels so close
together that their spread values for adjacent pixels interfere.
However, only one of the values at the mid-position between
the pixels is taken. In the lower image a series of adjacent
pixels are spread. Within the pixel area itself, the largest
value is always the pixel value itself so that this value is
always taken. Outside the pixel area only the most signifi-
cant value for adjacent pixels is taken—all others are
ignored. The selection of only the most influential pixel
rather than summing or averaging the influences from neigh-
bouring pixels introduces a non-linear element into the
filtering algorithm. Note, that this procedure can be modified
by morphological operators as required, e.g. for spread and
choke, as described above.

[0116] In one practical embodiment of this procedure, as
the image is filtered, a previously stored pixel value is only
modified (by replacement) by the effect of the spreading
from neighbouring pixels if the calculated value for that
pixel under consideration is larger than the previously stored
value for that pixel. Advantages of this way of filtering
(compared to a linear way of filtering) are that exact pixel
values of the binary image are obtained at the filled pixel
locations, and that influences from different pixels are not
added (instead the maximum value of any of the influences
reaching the pixel is taken). That way, a height map that
indicates which pixels are to be printed at each layer is
created.

Examples are given in FIG. 11 to FIG. 16.

[0117] FIG. 11 shows a binary image of a 1% tone at 720
dpi for 53 Ipi screening. FIG. 12 shows the corresponding
height map, obtained by filtering the binary image of FIG.
11 with the filter of FIG. 10. 100% black in the height. map
of FIG. 12 means that all layers will be printed. X% black
means that X% of all layers will be printed.

[0118] FIG. 13 shows a binary image of a 25% tone at 720
dpi at 53 Ipi screening. FIG. 14 shows the corresponding
height map, obtained by filtering the binary image of FIG.
13 with the filter of FIG. 10. Again, 100% black means that
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all layers will be printed, while white (i.e. 0% black) means
that no layers will be printed.

[0119] FIG. 15 shows a binary image of a 75% tone at 720
dpi at 53 Ipi screening. FIG. 16 shows the corresponding
height map, obtained by filtering the binary image of FIG.
15 with the filter of FIG. 10. It is to be noticed that no white
areas are left in FIG. 16, i.c. that every pixel location has at
least one layer printed on it.

[0120] According to another embodiment of the present
invention, as shown in FIG. 17, in a first step halftone pixels
39 making up halftone cells 38 comprising halftone dots 35
are calculated, by summing grey values of each image pixel
33 with a corresponding screen pixel 37 in a summation
circuit 80, and by thresholding the summation result 81 in a
comparator 82, e.g. by comparing the summation result 81
with a threshold value 83. An image layer is selected in the
binary halftone pixels 39 of the halftone dot 35 by means of
a layer selection device 87. The selected layer 88 of the
binary halftone dot 35 is corrected with correction values 89
dependent on the image layer. Or, with other words, a slice
of each binary halftone dot 35 is transformed into a spread
slice. In this case, the image is spread depending on the level
of printing, which gives more flexibility to obtain a desired
profile or slope 16 for a protruding part 6. The top layer
should be an exact copy of the binary image. At the lower
layers, at least the same pixels as in the top layer need to be
printed. The stacking constraint needs to be taken into
account.

[0121] According to yet another embodiment of the
present invention, an original image is halftoned, thus form-
ing a pattern of binary dots. An example of such a binary
image is e.g. shown in FIG. 15, and a detail thereof is shown
in FIG. 18. The halftoned image is now scanned row by row
and column by column, and edges of the binary dots are
detected in a manner known to a person skilled in the art. For
example, as the image is traversed all edges are labeled with
a black/white label to show in which direction a transition
from black to white takes place. At the side of the black/
white edges labeled “white”, grey values are added in.
Starting from a halftoned image, a filtered image is obtained
as follows.

[0122] 1In a first part of the method, after black/white
labeling, the halftoned image is scanned row by row, starting
with row R1, then row R2, and so on. Every time a
black/white edge is detected, the following steps are taken
(the example given takes into account 3 pixels for deter-
mining the grey values, but of course another number of
pixels can be taken into account):

[0123] at that side of the edge which is labeled
“black”, the pixels which in the original image were
black are also black in the filtered image—this is
100% black in the example given, for example for
pixel 90,

[0124] at that side of the edge which is labeled
“white”, a filter operation is carried out to obtain
grey values; e.g. a first pixel 91 next to the edge gets
a value which corresponds to its original value plus
50% of the value of its neighbouring pixel 90 in the
direction of the edge—this is 50% black in the
example given, a second pixel 92 at a second pixel
location from the edge gets a value which corre-
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sponds to its original value plus 50% of the original
value of the neighbouring pixel 91 in the direction of
the edge—this is 0% black in the example given.

[0125] When for every row R1, R2, . . . grey levels have
been introduced at the white sides of black/white transitions
(in the example given in FIG. 18 also e.g. pixels 94, 96 and
97 got a value of 50% black), the same is done on a column
by column base. There is preferably not started from the
original halftoned image, but from the image obtained by the
previous step, i.e. from the image with grey values formed
by scanning the halftoned image row by row. For example
pixels 93, 94, 95 are respectively 100% black, 50% black,
0% black after scanning and transforming row R9. After
scanning every row the newly introduced grey pixels are
now labeled in the column direction to show in which
direction a grey to white transition takes place. For column
C; for example, a black to white transition in column
direction was labeled between row R9 and row R10, with the
black side of the edge at row RY, and a grey to white
transition is now labeled in column C6 between row R9 and
R10, with the white side of the edge at row R10. The
following steps are taken:

[0126] at that side of the black/white edge which is
labeled “black”, the pixels which in the original
image were black are also black in the filtered
image—this is 100% black for pixel 93 in the
example given, at that side of the black/white edge
which is labeled “white”, a filter operation is carried
out to obtain grey values; e.g. a first pixel 96 next to
the edge gets a value which corresponds to its
original value plus 50% of the value of its neigh-
bouring pixel 93 in the direction of the edge—the
original value of pixel 96 was 0% black in the
example given, so now pixel 96 gets a value of 50%
black; this value is compared with the value obtained
by the previous step (when scanning the image on a
row by row basis), and the highest value is retained.
A second pixel next to the edge (pixel 97 in FIG. 18)
gets a value which corresponds to its original value
plus 50% of the original value of the neighbouring
pixel 96 in the direction of the edge—this is 0%
black in the example given; this value is compared
with the value obtained by the previous step (when
scanning the image on a row by row basis), and the
highest value is retained, which is 50% black in this
particular example. at that side of the grey/white
edge which is labeled “white”, a further filter opera-
tion is carried out to obtain grey values; e.g. a first
pixel 98 at the white side next to the grey/white edge
gets a value which corresponds to its original value
plus 50% of the actual value of its neighbouring
pixel 94 in the direction of the edge—the actual
value of pixel 94 is 50% black in the example given,
so now pixel 98 gets a value of 25% black; this value
is compared with the value obtained by the previous
step (when scanning the image on a row by row
basis), and the highest value is retained, which is
25% black in this particular example.

[0127] In all cases the operations described above to
spread the edges of the binary image may be described as
application of a topographic operator on the binary image.

[0128] When forming the print master, the grey values of
the pixels are not interpreted as densities, but as heights, and
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then halftone dots with these heights are formed. 50% black
means that 50% or the total height of the relief is formed.
Putting grey levels next to an edge means, according to the
present invention, that pixels with less height will be printed
onto the substrate of the printing master.

[0129] 1t will be appreciated from the above that as the
tone value of the original image area becomes darker the size
of the halftone dot 35 to be printed gets larger. Thus, the size
and form of a dot grows in a certain way when going from
white to black, e.g. starting with no black halftone pixels 39
for white, then one halftone pixel 39 is printed for a first
level of grey, then two halftone pixels 39 are printed for a
darker grey and so on. Exactly how the dot grows with
increasing image density can be important for a variety of
reasons. One reason is that certain shapes are more stable
during 3-D printing than others.

[0130] A special spreading function can be considered in
case of partial dotting, as described in Henry R. Kang,
“Digital color halftoning”, p.251-251, and as represented in
FIG. 19. A partial dot is a combination of full dots, e.g. in
FIG. 19 the partial dotting is obtained by using half of a
smaller dot 100 and half of a larger dot 101 along a large
contrast edge 102. A partial dot implies a non-uniform area
with fine details in the input. In this case of partial dotting,
the correction value according to the present invention may
be based on the underlying contone.

[0131] Furthermore, the method of the present invention
may comprise a pre-compensation for subsequent dot defor-
mation. This dot deformation will happen when a flexo-
graphic printingplate is taped on a drum, which makes e.g.
a circular area on a flexographic printing plate look like an
oval when the flexographic printing plate is taped on the
drum. Therefore, instead of a circular area, an oval area is
finally printed. This can be remedied by pre-compensation,
ie. by providing e.g. an oval area on the flexographic
printing plate which deforms into a circular area when the
plate is taped on the drum. Such a transform of the shape of
pixel areas to be printed may be called a morphological
transform.

[0132] FIG. 20 is a highly schematic block diagram of an
electronic control system of a 3-D printing system 120
which can be used with the present invention. System 120
comprises a computing device 130, a 3-D printer 140 having
a printer controller 160 and a 3-D printhead module 150. The
3D-printer 140 can be any suitable 3D-printing machine
which is able to lay down a 3D-structure for a printing
master. The printer 140 may include a buffer memory 132
for receiving a print file in the form of signals from a host
computer 130, an image buffer 134 for storing printing data,
and a printer controller 160 that controls the overall opera-
tion of the 3D-printer 140. The printer controller 160 may
control one or more printer drivers 136-138 for driving the
3D-printhead module 150 and associated transport mecha-
nisms. A data store 142 (local memory) and a menu console
144 for setting parameters of the printer 140 from a console
on the printer may also be included.

[0133] In one embodiment of the present invention, the
host computer 130 is any suitable programmable computing
device such as personal computer with a Pentium IV micro-
processor supplied by Intel Corp. USA, for instance, with
memory and a graphical interface such as Windows 98,
2000, ME, XP as supplied by Microsoft Corp. USA. Such a
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computer includes a microprocessor and associated memory,
e.g. volatile RAM, non-volatile read/write memory such as
a hard disc as well as non-volatile read only memory, ROM.
For example, the memories may be used for storing or
buffering source images, intermediate arrays of data and
calculations, as well as the final print file. Software pro-
grammes are loaded into the computer 130 for carrying out
any of the digital processing methods of the present inven-
tion and to provide a print file to the 3D-printer 140. For
example, the software may include code, which when
executed on a computing device creates a print file for a
printing master using a 3-dimensional printing system, the
print master comprising a plurality of 3-D structures printed
on a substrate, each 3-D structure representing one or more
pixels to be printed using the printing master. The software
code when executed may allow for receiving a source image
comprising a plurality of image pixels, and generating a
filtered image by applying one or more topographic opera-
tors to the source image to generate for every image pixel a
representation of a pixel height profile, the pixel height
profile corresponding to a cross-section through a 3-D
structure which is to be formed on the printing master by
3-D printing. In such code the topographic operator has the
following properties:—the heights of all 3-D structures in
the pixel height profile which will form a printing surface all
lie substantially within one surface with reference to the
substrate,—any cross-section through a solid section at a
second level in the 3-D structure which is closer to the
substrate than a first level has a an area which is equal to or
larger than the area of the cross-section of the 3-D structure
at the first level.

[0134] The software code when executed will also allow
for generation of definitions of a plurality of image layers
from the filtered image for printing the 3-D structures using
a 3-dimensional printing system.

[0135] The software code may be adapted to receive the
source image as a binary image comprising pixels having a
first value and remaining areas having a second value. The
software may also be adapted to receive the source image as
a plurality of image pixels each having a contone value, and
to apply the topographic operator by providing a digital
halftone screen comprising a plurality of screen pixels, every
screen pixel corresponding to an image pixel, and to receive
a set of correction values which are a function of the image
layer, to threshold the contone values of the source image
pixels with the screen function values of the halftone screen
pixels and with the layer depending correction values to
generate halftone dots. The software when executed may
generate the halftone dots for the plurality of image layers
on-the-fly. The software may also, when executed, be
adapted to generate binary halftone dots from a source
image, thereafter to transform the binary halftone dots into
blurred halftone dots comprising a plurality of blurred
halftone dot layers, and thereafter to choose a blurred
halftone dot layer to be printed as an image layer. The
software when executed may be adapted to first obtain
binary halftone dots comprising a plurality of halftone dot
layers, thereafter to choose a halftone dot layer of the binary
halftone dots, and transform the selected halftone dot layer
into a blurred halftone dot layer to be printed as image
layers.

[0136] Accordingly, the present invention includes a com-
puter program product which provides the functionality of
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any of the methods according to the present invention when
executed on a computing device. Further, the present inven-
tion includes a data carrier such as a CD-ROM or a diskette
which stores the computer product in a machine readable
form and which executes at least one of the methods of the
invention when executed on a computing device. Nowadays,
such software is often. offered on the internet or a company
intranet for download, hence the present invention includes
transmitting the printing computer program product accord-
ing to the present invention over a local or wide area
network. The computing devices on which the computer
program product is executed may include one of a micro-
processor based device or a (F)PGA, PAL or PLA based
device.

[0137] The present invention also includes a system for
creating a print file for printing printing masters by means of
a 3-D er which allows input of a variety of images. To deal
with a variety of images, e.g. analog, contone, hybrid
contone and binary, or binary images, a suite of software
subroutines or modules is included within the scope of the
present invention which can transform any one of a number
of the above images. A schematic diagram of this suite 200
is shown in FIG. 21. The suite 200 comprises a set of
subroutines or software modules 202, 205, 208, which can
be used individually or sequentially to process an image. An
analog image 201 is digitised, for instance in a scanner using
a first software module 202 to form a contone image 203 or
a hybrid image comprising contone images and a binary
part, e.g. text. Alternatively, a contone image or a hybrid
contone/binary image 204 may be input directly. The con-
tone or hybrid contone/binary image 203, 204 is then
converted into one or more binary images 206 using a
second software module 205. Generally, the number of
binary images will equal the number of colours required for
printing and therefore the number of printing masters
required. Alternatively, one or more binary images 207 may
be input directly. The one or more binary images 206, 207
are then transformed using the third software module 208
into the set of print files 209 by application of the topo-
graphic and optional morphologic operators described
above. The present invention also includes input of a source
image as defined by any of the matrices 5-7 above, i.e. those
containing implicit height information, followed by appli-
cation of a topographic operator to generate the final print
files. Such a topographic operator may provide transforma-
tions such as artificially increasing the height of each pixel
to allow for a planarizer, lowering the height of some pixel
structures to avoid Euler buckling of these pixel structures
on the printing press, changing the areas of pixels within
each layer to generate 3D-structures with different side
slopes, slicing the 3-D structures implicitly coded into
source image 210 to generate more or less layers to be
printed, etc.

[0138] While the invention has been shown and described
with reference to a preferred embodiment, it will be under-
stood by those skilled in the art that various changes or
modifications in form and detail may be made without
departing from the scope and spirit of this invention. For
example, the printer controller 160 may include a computing
device, a microprocessor based device as for instance a
microcontroller, or programmable controller such as
(F)PGA, PAL or PLA based devices. The use of an FPGA
allows subsequent programming of the printer device, e.g.
by downloading the required settings for the FPGA. Instead
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of using the host computer 130 to execute the digital image
processing programs, the printer 140 may be adapted to
carry out these digital image processing tasks according to
any of the methods of the present invention. In particular the
programmable printer controller may include software (as
described above) which when executed carries out the
methods described above with respect to the host computer.

[0139] 1t is to be understood that although specific con-
structions and configurations, as well as materials, have been
discussed herein for devices according to the present inven-
tion, deviations can be made therein without departing from
the spirit and scope of the present invention. For example,
instead of the print master of the present invention being
used as a flexographic printing master, it can also be used for
gravure printing. In this case, the protruding parts are
preferably as small as possible (as not the protruding parts
but the recesses or wells are used for printing), depending on
the dot sizes to be printed. Therefore, when making the
protruding parts, for example UV curable inks must be used,
which become very hard when cured. Alternatively, the
printing structure of the present invention can be used for
letterpress printing, or as a stamp for example.

1. Method for creating a print file for printing a 3-D print
using a 3-D printing system, the 3-D print comprising a
plurality of 3-D structures printed on a substrate, each 3-D
print structure having a height with respect to the substrate,
the method comprising:

providing a two-dimensional source image comprising a
plurality of image pixels,

generating a filtered image by applying a topographic
operator to the source image to generate for every
image pixel a representation of a pixel height profile,
the pixel height profile corresponding to cross-sections
through a 3-D print structure which is to be formed by
3-D printing, to thereby generate definitions of a plu-
rality of image layers from the filtered image for
printing using the 3-D printing system, the topographic
operator having the following property:

any cross-section through a solid section of a 3-D
structure at a second level in the 3-D print structure
which is closer to the substrate than a first level has
an area which is equal to or larger than the area of the
cross-section of the 3-D structure at the first level,
and

outputting the print file based on the plurality of image
layers.

2. Method for creating a print file according to claim 1,
wherein the 3-D print is a print master and the 3-D structures
represent areas to be printed using the print master, the
topographic operator having the following additional prop-
erty:

the heights of all 3-D structures in the pixel height profile
which will form a printing contact surface all lie
substantially within one printing surface with reference
to the substrate.
3. The method according to claim 1 wherein application
of the topographic operator is done by means of a computing
device including a processing engine and memory.
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4. The method according to claim 1 wherein the source
image is a binary image and the application of a topographic
operator includes:

replacing every image pixel from the source file by a pixel
profile spread out over neighbouring image pixels, the
pixel profile corresponding to pixel heights,

taking an envelope of the pixel profiles spread from
neighbouring image pixels,

slicing the envelope to form image layers for printing in
the 3-D printing system.
5. Method according to claim 1 where the source image
is a binary image and the application of a topographic
operator includes:

detecting the edge of a border between an image pixel
having the first value with a neighbouring image pixel
having the second value, and

generating grey scale pixel values for image pixels adja-
cent to the border and having the second value, and

assigning these grey scale values to these image pixels.

6. Method according to claim 1 wherein the source image
comprises a plurality of image pixels each having a contone
value, and application of a topographic operator includes:

providing a digital halftone screen comprising a plurality
of screen pixels, each having a multi-tone value, every
screen pixel corresponding to an image pixel,

providing a set of correction values which are a function
of the image layer,

thresholding the contone values of the source image with
a combination of the multi-tone values of the halftone
screen and with the correction values, to generate
halftone dots.
7. Method according to claim 1 where the application of
a topographic operator includes:

generating binary halftone dots from the source image,

thereafter transforming the binary halftone dots into
blurred halftone dots having a height profile in the form
of a plurality of blurred halftone dot layers,

thereafter choosing a blurred halftone dot layer to be
printed as an image layer.
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8. Method according to claim 1 where the application of
a topographic operator includes:

generating binary halftone dots from the source image,

thereafter associating a height profile with the binary
halftone dots and deriving a plurality of halftone dot
layers from the height profiles,

thereafter choosing a halftone dot layer of the binary
halftone dots and transforming the halftone dot layer
into a blurred halftone dot layer to be printed as an
image layer.

9. Method according to claim 7 wherein the transforma-
tion comprises applying a smoothing algorithm or a blurring
filter.

10. Method according to any of claim 7 wherein the image
layers are to be printed onto a printing substrate, the trans-
forming step being a function of the height above the
printing substrate.

11. Method according to any of the claim 6 wherein the
halftoning is based on one of amplitude modulation, fre-
quency modulation, a combination of amplitude and fre-
quency modulation or stochastic modulation.

12. Method according to claim 1 wherein for each image
pixel under consideration the generation of the height profile
of neighbouring image pixels provides one or more height
values at the image pixel under consideration, and the height
value assigned to the image pixel under consideration is
determined by the largest height value provided by any one
of the image pixels including the image pixel under consid-
eration.

13. Method according to claim 1 further comprising
application of a morphological operator either before the
application of the topographic operator, at the same time or
at a later time.

14. Method according to claim 13, wherein the applica-
tion of the morphological operator is a pre-compensation for
subsequent deformation of a dot to be printed.

15. A method of printing a 3-D print by printing the 3-D
print onto a substrate using a 3-D printer using a print file
derived by a method according to claim 1.
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