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property data is transformed into a plurality of device independent object property data objects having a common data structure,
each object property data object comprising a value indicative of each of a predetermined set of object properties.
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THREE DIMENSIONAL OBJECT DATA

BACKGROUND

[0001] Three dimensional objects generated by an additive
manufacturing process may be formed in a layer-by-layer manner. In one example of
additive manufacturing, an object is generated by solidifying portions of layers of
build material in an apparatus. In examples, the build material may be in the form of
a powder, fluid or sheet material. The intended solidification and/or physical
properties may be achieved by printing an agent onto a layer of the build material.
Energy may be applied to the layer and the build material on which an agent has
been applied may coalesce and solidify upon cooling. In other examples, chemical
binding agents may be used to solidify a build material. In other examples, three
dimensional objects may be generated by using extruded plastics or sprayed
materials as build materials, which solidify to form an object.

[0002] Some printing processes that generate three dimensional objects
use control data generated from a model of a three dimensional object. This control
data may, for example, specify the locations at which to apply an agent or
combination of agents to build material, or where build material itself may be placed,
and the amounts to be placed.

[0003] The control data may be generated from a representation of a
three dimensional object to be printed. Such a representation may be referred to
herein as a three dimensional model, and may be stored as a data file. The control
data may be used by suitable print apparatus to produce an object.

BRIEF DESCRIPTION OF DRAWINGS

[0004] For a more complete understanding, reference is now made to the
following description taken in conjunction with the accompanying drawings in which:

[0005] Figure 1 is a flowchart of an example of a method comprising
object property data transformation;
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[0006] Figure 2 is a schematic representation of an example of an object
property data object;

[0007] Figure 3 is a flowchart of another example of a method comprising
object property data transformation;

[0008] Figure 4 is a simplified schematic of an example of processing
apparatus for generating control data for production of a three dimensional object;
and

[0009] Figure 5 is an example of an apparatus for storing and processing

data representing a three dimensional object.

DETAILED DESCRIPTION

[0010] Some examples described herein provide an apparatus and a
method for representing a three dimensional object and/or for generating control data
that may be used to produce a three dimensional object. Some examples allow
arbitrary three dimensional content with a variety of specified object properties to be
processed and used to generate a three dimensional object. These object properties
may comprise, for example, any or any combination of: conductivity, density,
porosity, plasticity, hardness, ductility, strength, interlayer strength and/or
appearance properties (color, transparency, glossiness, surface texture, etc).

[0011] In some examples herein, three dimensional space is
characterised in terms of ‘voxels’, i.e. three dimensional pixels, wherein each voxel
occupies a discrete volume. In data modelling a three dimensional object, a voxel at
a given location may have at least one characteristic. For example, it may be empty,
or may have a particular color or may represent a particular material, or a particular
object property, or the like. The voxels of an object may be the same size, for
example relating to a cubic or other shaped region in space, or may vary in size
and/or form within an object.

[0012] In some examples, data representing a three dimensional object is
processed to generate control data to be used in generating the object.

[0013] In some examples, a print material coverage specification
specifies print material data, for example detailing the amount of print materials (such
as agent(s) to be deposited onto a layer of build material, or in some examples, build
materials themselves), and, if applicable, their combinations. In some examples, this
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may be specified as a proportional volume coverage (for example, X% of a region of
a layer of build material should have agent Y applied thereto). Such print materials
may be related to or selected to provide an object property.

[0014] The actual location at which each print material (for example, a

drop of an agent) should be applied, as specified in control data, may be determined
using halftoning techniques.

[0015] For example, a set of voxels within object model data may have

an associated print material coverage specification in the form of a set of material
volume coverage (Mvoc) vectors. In a simple case, such a vector may indicate that
X% of a given region of three dimensional space should have a particular agent
applied thereto, whereas (100-X)% should be left clear of agent. In other examples,
material combinations may be specified. The material volume coverage vectors may
then provide the input for a halftoning process to generate control data that may be
used by an additive manufacturing system to produce a three dimensional object.
For example, it may be determined that, to produce specified object properties, 25%
of a layer of build material (or of a portion of a layer) should have an agent applied
thereto. The halftoning process determines where the drops of agent fall in order to
provide 25% coverage, for example by comparing each location to a threshold value
provided in a halftone threshold matrix.

[0016] In some examples, data representing a three dimensional

structure or object is ‘rasterized’, i.e. converted to series of discrete locations. The
rasterized data may be at the printable resolution of the three dimensional printing
apparatus to which control data may be provided.

[0017] It may be the case that, at the time the three dimensional data

model is constructed, a print apparatus to be used to print the object is unspecified,
at least in terms of its capabilities.

[0018] In block 102 of Figure 1, data representing a three dimensional

object is received, the data comprising object property data indicative of an attribute
(for example, at least one physical attribute or property) of at least a portion of the
three dimensional object. In block 104, the object property data is transformed into a
plurality of device independent object property data objects having a common data
structure, the data objects each comprise a value indicative of each of a
predetermined set (common) of object properties held within the common data
structure. As used herein, the term ‘device independent’ means that the data object
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is not formulated with a particular model generation apparatus, print apparatus, or
print generation workflow in mind. Instead, it contains values representing a
predetermined set of properties which can be derived from, and interpreted by, a
range of devices, software packages and the like.

[0019] As the object property data object is device independent, it can be

used as an intermediate representation to map data from a range of data sources
(such as CAD packages, object analysis apparatus, or any other source of data
representing an object) to control data for a particular print apparatus (for example
according to that print apparatus’ capabilities to reproduce particular properties).
When an object property data object is to provide control data, use of a device
independent data object means that, whatever the original data format, a mapping
(for example, a lookup table or the like) from the device independent data object can
be used to generate control data for a particular print apparatus. If the original object
model representation was instead used, then a mapping from that specific
representation type would have to be specified or determined, which may result in
multiple mappings in order to support multiple object model data sources. Similarly,
mapping from a particular model data source to the device independent data object
may be made without knowledge of a print apparatus.

[0020] In examples, content of a data object is specified independently of

the properties specified in a particular model, and/or independently of the capabilities
of a print apparatus used to generate an object according to the model. Properties
specified in the object property data object may therefore be the same as the
properties specified in received data (but may, in some examples, be described
differently), or it may comprise values relating to additional properties, and/or may
contain values relating to a subset of the properties specified in or derivable from the
received data. This allows the data object to be used with a wide range of data
sources and to be used to generate control data for a wide range of print apparatus.
When compared to, for example, specifying printer colors for two-dimensional
printing, in three dimensional printing there is a wide range of possible print
apparatus capabilities and of possible data specifications for model data. A device
independent data object as specified herein may allow conversion between diverse
sets of specified and/or achievable properties.

[0021] An example of a device independent object property data

object 200 is shown schematically in Figure 2. In this example, the set of properties
comprises three color values Vg, Vg, Vg, representing Red, Green and Blue color



5

10

15

20

25

30

35

WO 2016/169614 PCT/EP2015/058918

values, a Density value Vp, a stiffness value Vs, a conductivity value Ve and an
opacity value Vo. Other object properties which may be described in a data object
may comprise any of, amongst others: flexibility; elasticity; rigidity; surface
roughness; porosity; strength; ductility; plasticity or the like.

[0022] In some examples, a value set is predetermined for each property

and the value is taken from the set. For example, a bit depth may be specified for
each property. For the set of values shown in Figure 2, the bit depth may for example
be specified as [8, 8, 8, 5, 4, 1, 6]. In such an object, the color values are specified
with 8 bit resolution, and may therefore take any value in the value set [0, 1, 2...254,
255]. 5 bits (32 level resolution) are used to specify the density values, which can
therefore take any value in the value set [0, 1, 2...30, 31]. 4 bits (16 level resolution)
are used to specify the stiffness values, 1 bit (on/off, or [0, 1]) for conductivity, and 6
bits (64 level resolution) for opacity. This results in a 5-byte encoding of the seven
property data object.

[0023] In some examples, a value set may be defined in terms of a

particular unit. For example, in the case of the RGB values, these could be identified
according to device independent color definitions such as sSRGB. In other examples,
colors could be defined in terms of a specific ICC profile, or in terms of the
International Commission on lllumination (CIE) 1931 XYZ color space, wherein three
variables (X', Y’ and ‘Z’ or tristimulus values) are used to model a color; the CIE
1976 (L*, a*, b* - CIELAB or ‘LAB’) color space, wherein three variables represent
lightness (‘L") and opposing color dimensions (‘a’ and ‘b’); or any other color space or
derived color space.

[0024] For example, in a simple case, an RGB color value may comprise

three 8-bit values; as such each red, green and blue value may be within the range of
0 to 255. Density values Vp could be expressed in kg/m3, stiffness Vg in N/m,
conductivity V. in S/m, and opacity Vo as a dimensionless optical density value
representing a value between 0 and 1 specifying a ratio of light transmitted through a
specified thickness of material to light blocked thereby. In some examples, rather
than being expressed in terms of absolute values, all values of a particular property
may be indicative of a position within a range. In some examples, data relating to the
interpretation of at least one of the data values may be generated and/or provided
with the data objects. In some examples, when a data object is used to generate
control data, the range achievable by a particular print apparatus in relation to a
particular property could be considered and used to determine the device dependent
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value within that range, i.e. a value achievable by a particular print apparatus, which
best represents the device independent value. Such a device-dependent
interpretation may also be used in the absence of a specification of units. Where
data relating to the interpretation of at least one of the data values is provided with
the data objects, this may be used in generating control data.

[0025] In some examples, default values may be defined. In examples,

default values may be used wherever data property is undefined in at least a
proportion of received object property data. The default values may be user
specified, predetermined or derived based on received model data. Where default
values are used, this enables a standardised data object to be formed even in the
absence of explicitly defined values, and therefore allows a data object having a
consistent data format to be generated from a diverse range of model data sources
and formats. In some examples, default values may for example be midpoints in the
range available, or may be predetermined according to practical or economic
considerations. For example, tensile strength or stiffness could be determined in
view of a practical minimum value which allows an object to be self supporting and
reasonably robust, and/or bearing in mind costs. Certain defaults may specify that a
property is absent (for example, as a default, conductivity, which may result in the
specification of use of specialised agents, may be set to off, or 0, in a data object
unless conductivity is specified in the received data representing a three dimensional
object), or avoided (for example, as white can be a relatively expensive color to
reproduce and the combinations of other properties which may be achieved in a
white object may be restricted, a default colour may be other than white, for example
a mid gray).

[0026] In some examples, value ranges corresponding to the encoding

range may be specified or determined. To give a particular example, opacity could
be specified such that it may vary between absolute values of 0.1 to 1.6, which may
be highest value of density for a particular, or for a generic, print apparatus (for
example, the range may reflect an industry standard achievable range). A maximum
and/or minimum may be used in the mapping, such that, for example, all stated
absolute opacity values of 0.1 or lower map to 0, which is the lowest value in the
example 64 bit data value set, and those of 1.6 or higher map to 63 which is the
highest value in the example 64 bit data value set. In examples, a specifically stated
maximum or minimum value (and/or a specific absolute value, which may be
associated with any and all of the values of a value set associated with a particular
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property) may be supplied with the object model data. In other examples, a range
may be derived from actual values provided within the model data (e.g., the highest
stated density may map to 63, and the lowest stated density may map to 0, and/or
the range may be stored). In other examples, defaults for a maximum value may be
predefined or user specified. Allowing specification of a range allows a property
range to be encoded efficiently, while allowing for changes in achievable ranges. For
example, if the interpretation of the range of values intended to be reflected by a
particular encoding was fixed, this may either span a range which is too large to be
fully utilized, or which fails to span the whole of an achievable range, in particular
should an achievable range increase after a property has been encoded.

[0027] In some examples, the data representing the three dimensional
object further comprises object model data defining the geometry of the three
dimensional object. The device independent data objects may be stored in
association with a physical location (which may be a volume) within the object, such
that each location is accompanied with a list of properties.

[0028] The data objects may therefore comprise part of a device
independent object description. As this is not defined in relation to a particular
processing or print apparatus, it may be used to generate control data for or by any
print apparatus with knowledge (or identification) of the data structure and print
apparatus capabilities.

[0029] A further example is discussed in relation to the flow chart of
Figure 3. In this example, in block 302, data representing a three dimensional object
is received. The data comprises object property data indicative of attributes of at
least a portion of the three dimensional object and object model data defining the
geometry of the three dimensional object.

[0030] In bock 304, the object property data is transformed into device
independent object property data objects in which each value is a value from a value
set which is predetermined for each object property and unspecified object properties
are assigned a default value. In block 306, print apparatus data, which is indicative of
the capabilities of a particular print apparatus is received. In block 308, the set of
object property data objects is transformed into print control data is based on the
print apparatus data.

[0031] For example, a particular print apparatus may allow for density
control while other properties are fixed, whereas another may allow for color control,
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yet another for density and conductivity control, and so on. In some examples, in
order to acquire print apparatus data, a print apparatus may be queried and asked to
return its capabilities. In other examples, this data may be predetermined, and/or
retrieved from a memory, held in a look up table, or the like. In other examples, the
print apparatus may itself carry out the processing.

[0032] Figure 4 shows an example of processing apparatus 400,

comprising an interface 402, a mapping module 404 and a control data
module 406.

[0033] The interface 402 receives model data 408 and print apparatus

capability data 410. In this example, the model data 408 represents at least part of a
three dimensional model object, and comprises a plurality of object property data
objects. Each data object has a common data object structure (for example, a data
structure such as shown in the data object 200 of Figure 2) and represents a location
in a three dimensional object. Each data object comprise a plurality of property
values defining a predetermined set of properties of the three dimensional object at
that location.

[0034] In some examples, the properties defined by each data value may

be explicitly defined. In other examples, they may be identified or determined by
consideration of the data form or content. For example, the mapping module 402
may identify the properties specified by values of a data object based on at least one
of the resolution to which the value is specified and the frequency with which a value
with a given resolution is contained within the data object. For example, an otherwise
unspecified 3-channel 8-bit data portion of the data object may be interpreted as
RGB data by default. If there is a single channel data with a particular bit depth, this
may be taken as the density value and, in the absence of any specification, the
density values therein may be interpreted to match the range of densities the print
apparatus is capable of providing (such that a stated value of 0 maps to the minimum
achievable density, etc). Other defaults may be predetermined in a similar manner.
This allows for the processing of even an ambiguously defined input, which may
provide an alternative to aborting the processing operation if incompletely specified
inputs are received.

[0035] The mapping module 404 in this example maps at least one

received object property data object to a print material coverage specification
according to the print apparatus capability data. Such mapping may be carried out in
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relation to a rasterized representation of the model object. In some examples, this
representation may comprise a plurality of planes, each rasterized into discrete
locations. In some examples, the locations within the planes are binary: an object
either exists at a location and has associated properties, or it does not.

[0036] In some examples, at least one value of a data object is mapped

to a print material coverage specification based on the maximum and minimum
values of that property achievable by the print apparatus, and/or the maximum and
minimum values of the property within the object property data objects. As noted
above, it may be that a scale or unit is not specified for a particular property (which
may be all the properties) and in such examples, a value provided in the data object
may be taken as an indication of a point on a scale from 0-100%, or some other
range, which may be user specifiable. The 100% point may be the maximum value
that a particular property can have for a particular property (e.g. the strongest red
which can be produced, or the most dense construction, etc.). The 0% point may be
the minimum value, which may represent that the property is absent (for example, no
conductive agents, or no color is to be used), or may indicate that the value is to
have to the lowest possible value (for example, density is at the minimum value).
Within the data object, the maximum value may be the maximum value seen in a
particular set of data objects (this may result in the property being more diversely
represented in the printed object), or the maximum value given the range (for
example, the bit depth).

[0037] In some examples, the interpretation of the data objects is

determined or controlled by a user, who may chose to restrict the print apparatus
capabilities in relation to a particular property and/or printing operation. In other
examples, the range of at least one property may be restricted or specified by a
maximum and/or minimum provided with the set of data objects. In other examples,
as noted above, an absolute value (for example in standardised units) may be
associated with any or each of the values in a value set for a particular property.

[0038] In summary therefore, in some examples, the interpretation of a

data value may depend on any, or any combination of: a stated value range, the
range of data values within a set of data objects, additional information concerning a
relationship between an absolute value and a value in the data object, the print
apparatus capabilities, user specification, default values.



10

15

20

25

30

35

WO 2016/169614 PCT/EP2015/058918

10

[0039] The data objects may be mapped to Material volume coverage

(Mvoc) vectors. An Mvoc vector may have a plurality of values, wherein each value
defines a proportion for each, or each combination of print materials in an
addressable location of a layer of the three dimensional object. For example, in an
additive manufacturing system with two available print materials (for example,
agents) — M1 and M2, where each print material may be independently deposited in
an addressable area of a layer of the three dimensional object, there may be 2° (i.e.
four) proportions in a given Mvoc vector: a first proportion for M1 without M2; a
second proportion for M2 without M1; a third proportion for an over-deposit (i.e. a
combination) of M1 and M2, e.g. M2 deposited over M1 or vice versa; and a fourth
proportion for an absence of both M1 and M2. In this case an Mvoc vector for a
rasterized layer within a model may be: [M1, M2, M1M2, Z] or with example values
[0.2, 0.2, 0.5, 0.1] —i.e. in a given addressable location in a layer, there is a 20%
probability of M1 being applied without M2, 20% probability of M2 without M1, 50%
probability of M1 and M2 and 10% probability that the location is empty. As each
value is a proportion and the set of values represent the available material
combinations, the set of values in each vector sum to 1 or 100%.

[0040] For example, in a case where the agents are colored, then the

Mvoc vector may be determined to select agent combinations that generate a match
with a supplied object property values, e.g. the supplied RGB values in an object
property data object. In examples, such mappings may be held in a lookup table or
the like.

[0041] The print apparatus capability data 410 in this example comprises

an indication of at least one available print material. In other examples, it may
comprise an indication of the print resolution, i.e. the level of detail with which object
geometry and/or local object properties may be reproduced. In other examples, the
print apparatus capability data 410 may comprise an indication of the range of values
available for at least one object property. For example it may be that on a particular
print apparatus, it is not possible to vary a particular parameter such that particular
properties such as color, conductivity or density, but other properties may be varied.
As such, the print material coverage specification may represent properties which are
achievable by the print apparatus, which may be different from those specified in the
device independent data objects.

[0042] The control data module 406 is to generate control data 412 from

the print material coverage specification, the control data 412 being for the
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production of a three dimensional object. In this example, the control data
module 406 comprises a halftone module 414 to provide halftoning data.

[0043] In this example, the halftone data comprises an array of threshold

values. In one example, the threshold values are for carrying out a halftone
operation that compares a value of the threshold matrix against a value indicative of
a print material (such as an agent(s) or agent combination) probability distribution,
which in this example is expressed as an Mvoc vector. This chooses a single ‘state’
(one of the possible materials or material combinations) based on the threshold
value. Such halftone thresholds may be determined according to halftoning
techniques such as void-and-cluster matrices, error diffusion techniques, dither
based techniques, AM-screens, cluster-dot type patterns etc.

[0044] In a particular example, the model data comprises a three

dimensional model object comprising an array of voxels representing a three
dimensional model object, each voxel being located at a unique three dimensional
location. The voxels may be of the same size and/or form, or may vary in size and/or
form. Each voxel is associated with a device independent object property data object
specifying the object properties for that voxel. The control data module 406
determines, for each voxel, from print apparatus capabilities indicating the available
print materials and, in some examples, the resolution with which the print materials
may be applied by the print apparatus, a combination of print materials to represent
the property values. Each voxel representing the three dimensional model object is
then mapped to a print material coverage specification, which specifies print
materials as proportions of a set of available print materials at a location. The print
material coverage specification may be used to generate control data as outlined
above.

[0045] In some examples, if a print apparatus cannot provide a particular

property, or a particular property combination, an alert may be generated and for
example displayed or otherwise relayed to a user. In some examples, a processing
or printing operation may be aborted.

[0046] Figure 5 shows a memory 500 associated with a processor 502.

The memory is a computer readable medium for storing data for access by an
application program being executed by the processor 502 and comprises a data
structure including information for use by the application program. The data structure
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comprises a plurality of data objects 504. Each data object 504 has a common data
object structure and represents a set of physical properties of a three dimensional
object, wherein each physical property is specified as one of a predetermined set of
values. Each value may comprise either a default value or an assigned value
(wherein the assigned value may be assigned based on object property data). In one
example, the object properties comprise: at least one color, and at least one of
stiffness, opacity, conductivity and density. In some examples the data objects 504
may have a data structure having any of the properties described above in relation to
Figure 2. In some examples, each data object 504 is associated with a location
within the three dimensional object.

[0047] Examples in the present disclosure can be provided as methods,

systems or machine readable instructions, such as any combination of software,
hardware, firmware or the like. Such machine readable instructions may be included
on a computer readable storage medium (including but not limited to disc storage,
CD-ROM, optical storage, etc.) having computer readable program codes therein or
thereon.

[0048] The present disclosure is described with reference to flow charts

and/or block diagrams of the method, devices and systems according to examples of
the present disclosure. Although the flow diagrams described above show a specific
order of execution, the order of execution may differ from that which is depicted.
Blocks described in relation to one flow chart may be combined with those of another
flow chart. It shall be understood that each flow and/or block in the flow charts and/or
block diagrams, as well as combinations of the flows and/or diagrams in the flow
charts and/or block diagrams can be realized by machine readable instructions.

[0049] The machine readable instructions may, for example, be executed

by a general purpose computer, a special purpose computer, an embedded
processor or processors of other programmable data processing devices to realize
the functions described in the description and diagrams. In particular, a processor or
processing apparatus, such the processing apparatus 400 or the processor 502, may
execute the machine readable instructions. Thus functional modules of the
apparatus and devices may be implemented by a processor executing machine
readable instructions stored in a memory, or a processor operating in accordance

with instructions embedded in logic circuitry. The term ‘processor’ is to be interpreted
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broadly to include a CPU, processing unit, ASIC, logic unit, or programmable gate
array etc. The methods and functional modules may all be performed by a single
processor or divided amongst several processors.

[0050] Such machine readable instructions may also be stored in a
computer readable storage that can guide the computer or other programmable data
processing devices to operate in a specific mode.

[0051] Such machine readable instructions may also be loaded onto a
computer or other programmable data processing devices, so that the computer or
other programmable data processing devices perform a series of operations to
produce computer-implemented processing, thus the instructions executed on the
computer or other programmable devices provide a means for realizing functions

specified by flow(s) in the flow charts and/or block(s) in the block diagrams.

[0052] Further, the teachings herein may be implemented in the form of a
computer software product, the computer software product being stored in a storage
medium and comprising a plurality of instructions for making a computer device

implement the methods recited in the examples of the present disclosure.

[0053] While the method, apparatus and related aspects have been
described with reference to certain examples, various modifications, changes,
omissions, and substitutions can be made without departing from the spirit of the
present disclosure. It should be noted that the above-mentioned examples illustrate
rather than limit what is described herein, and that those skilled in the art will be able
to design many alternative implementations without departing from the scope of the
appended claims. In particular, a feature or block from one example may be
combined with or substituted by a feature/block of another example

[0054] The word “comprising” does not exclude the presence of elements
other than those listed in a claim, “a” or “an” does not exclude a plurality, and a single
processor or other unit may fulfil the functions of several units recited in the claims.

[0055] The features of any dependent claim may be combined with the
features of any of the independent claims or other dependent claims.
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CLAIMS

1. A method comprising:

receiving data representing a three dimensional object, the data comprising
object property data indicative of at least one attribute of at least a portion of the
three dimensional object;

transforming the object property data into a plurality of device independent object
property data objects having a common data structure, each object property data
object comprising a value indicative of each of a predetermined set of object
properties.

2. A method according to claim 1, in which each value is a value from a value set

which is predetermined for each object property.

3. A method according to claim 1 comprising, if no indication of a property of the
property set is provided in the received data for at least a portion of the three
dimensional object, setting a value for that property in an object property data
object to a default value.

4. A method according to claim 1 in which the received data representing the three
dimensional object further comprises object model data defining the geometry of
the three dimensional object.

5. A method according to claim 1 which further comprises transforming the set of
object property data objects into print control data.

6. A method according to claim 5, which further comprises receiving print apparatus
data indicative of the capabilities of a print apparatus, and wherein transforming
the set of object property data objects into print control data is based on the print
apparatus data.

7. Processing apparatus, comprising:
an interface to receive model data and print apparatus capability data, the
model data representing at least a portion of a three dimensional object and



WO 2016/169614 PCT/EP2015/058918

10.

11.

12.

15

comprising a plurality of device independent object property data objects, each
object property data object having a common data object structure and
representing a location in a three dimensional object, wherein each object
property data object comprises a plurality of property values defining a
predetermined set of properties of the three dimensional object at that location;

a mapping module to map each object property data object to a print material
coverage specification according to the print apparatus capability data.

Processing apparatus according to claim 7 in which the print apparatus capability
data comprises an indication of at least one of an available print material and a
resolution with which a print material may be applied by the print apparatus, and
the print material coverage specification is determined so as to provide an
achievable representation of at least one value specified in the object property
data object.

Processing apparatus according to claim 7 in which at least one value of an
object property data object is mapped to a print material coverage specification
based on the maximum and minimum values of that property achievable by the
print apparatus, and the maximum and minimum values of the property within the

received object property data objects.

Processing apparatus according to claim 7 in which the mapping module is to
identify the properties specified by values of an object property data object based
on at least one of the resolution to which the value is specified and the frequency
with which a value with a given resolution is contained within the object property
data object.

Processing apparatus according to claim 7 further comprising a control data
module to generate control data from the print material coverage specification,
the control data being for the production of a three dimensional object.

Processing apparatus according to claim 7 in which:
the model data comprises a three dimensional model object comprising
an array of voxels representing a three dimensional object, each voxel being
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located at a unique three dimensional location and being associated with an
object property data object; and
the print capability data comprises data indicative of at least one available

print material of a print apparatus;

wherein the mapping module is to determine, for each voxel, a combination of
print materials to represent the values within the object property data object for
that voxel; and to map each voxel to a print material coverage specification, the
print material coverage specification specifying print materials as proportions of a
set of available print materials.

A computer readable medium storing data for access by an application program
being executed by a processor, comprising:

a data structure stored in said computer readable medium, said data structure
including information for use by the application program and comprising:

a plurality of data objects, each data object having a common data object
structure and representing a set of physical properties of a three dimensional
object, wherein each physical property is specified as one of a predetermined set
of values, each of the values being either a default value or an assigned value.

A computer readable medium according to claim 13 in which the object properties
comprise: at least one color, and at least one of stiffness, opacity, conductivity
and density.

A computer readable medium according to claim 13 in which each data object is
associated with a location within the three dimensional object.
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