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(54) TRANSFORMING OBJECT MODEL DATA

(57) In an example, a method includes acquiring
(102), at a processor, first object model data representing
a first three-dimensional object. A portion of the first ob-
ject model data representing an object region to be con-
cealed may be identified (104) using the processor. The

first object model data may be transformed (106), using
the processor, to determine second object model data
representing a modified first three-dimensional object
which is distended in the object region represented by
the identified portion of the first object model data.
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Description

BACKGROUND

[0001] Three-dimensional objects generated by an ad-
ditive manufacturing process may be formed in a layer-
by-layer manner. In one example of additive manufac-
turing, an object is generated by solidifying portions of
layers of build material. In other examples, three-dimen-
sional objects may be generated using extruded plastics
or sprayed materials as build materials, which solidify to
form an object.
[0002] Additive manufacturing systems may generate
objects based on design data. This may involve a de-
signer generating a three-dimensional model of an object
to be generated, for example using a computer aided
design (CAD) application. Some object generation proc-
esses that generate three-dimensional objects use con-
trol data generated from such a model of a three-dimen-
sional object. This control data may, for example, specify
the locations at which to apply an agent to the build ma-
terial, or where a build material itself may be placed, and
the amounts to be placed.

BRIEF DESCRIPTION OF DRAWINGS

[0003] Non-limiting examples will now be described
with reference to the accompanying drawings, in which:

Figure 1 is a flowchart of an example method of trans-
forming object model data to conceal a portion there-
of;
Figure 2A-E represent different example transforma-
tions which may be applied to object model data;
Figure 3 is a flowchart of an example method of de-
termining and storing object model data;
Figure 4 is a representation of an example process-
ing circuitry;
Figure 5 is a representation of an interface in asso-
ciation with a display device and user input device;
and
Figure 6 is a representation of an example of a proc-
essor in association with a machine readable medi-
um.

DETAILED DESCRIPTION

[0004] Some additive manufacturing systems employ
digital models of an object to be generated. For example,
a model may define the solid portions of the object, and
may in some examples associate intended properties
and/or materials with all or portions of the object.
[0005] Such a model may be generated using consid-
erable skill and labour and thus has a value to the de-
signer or another owner of the data. As such, it may be
intended to protect the data, for example by encryption
and the like. A model may for example represent a new
and/or experimental prototype of a future product, and

maintaining confidentiality may protect a competitive
edge of the product owner. In another example, a model
could contain private (e.g. personal, or patient) data, such
that confidentiality should be maintained. In a further ex-
ample, a model could be a high value part which is to be
protected under rights management for manufacturing.
However, in order to manufacture an object to the design
data, the data may be exposed to various parties. For
example, a design data owner may offer the design for
purchase, or may wish to request a cost estimate or man-
ufacturing schedule for generating an object. In this way,
design data may be exposed to at least one party. In
some examples, this data exposure may take place be-
fore any contractual relationship is established.
[0006] Additive manufacturing techniques may gener-
ate a three-dimensional object through the solidification
of a build material. This may be carried out in a layer-by-
layer manner and, in some such examples, a digital mod-
el can be processed to generate slices of parallel planes
of the model. Each slice may define a portion of a re-
spective layer of build material that is to be solidified or
caused to coalesce by the additive manufacturing sys-
tem. The properties of generated objects may depend
on the type of build material and the type of solidification
mechanism used. Build material may be deposited, for
example on a print bed and processed layer by layer, for
example within a fabrication chamber.
[0007] In some examples, the build material may be a
powder-like granular material, which may for example be
a plastic, ceramic or metal powder. Selective solidifica-
tion may be achieved through directional application of
energy, for example using a laser or electron beam which
results in solidification of build material where the direc-
tional energy is applied. In other examples, at least one
print agent may be selectively applied to the build mate-
rial, and may be liquid when applied. For example, a fus-
ing agent (also termed a ’coalescence agent’ or ’coalesc-
ing agent’) may be selectively distributed onto portions
of a layer of build material in a pattern derived from data
representing a slice of a three-dimensional object to be
generated. The fusing agent may have a composition
which absorbs energy such that, when energy (for ex-
ample, heat) is applied to the layer, the build material
coalesces and solidifies to form a slice of the three-di-
mensional object in accordance with the pattern. In other
examples, coalescence may be achieved in some other
manner.
[0008] In some examples herein, three-dimensional
space is characterised in terms of ’voxels’ (by analogy
to two-dimensional ’pixels’), wherein each voxel occu-
pies a discrete volume. In data modelling a three-dimen-
sional object, a voxel at a given location may have at
least one attribute. For example, it may be empty, or may
be associated with a particular material and/or object
property which that voxel is intended to have in the gen-
erated article. Object properties may comprise for exam-
ple appearance properties (color, transparency, glossi-
ness, etc.), conductivity, density, porosity and/or me-
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chanical properties such as strength, and different object
portions may comprise different object properties.
[0009] The voxels representing an object may have
the same shape (for example, cubic or tetrahedral), or
may differ in shape and/or size. A voxel may correspond
to a region of a three-dimensional object which is an in-
dividually addressable area in additive manufacturing, or
may be defined in some other way. In some examples in
which the intended solidification and/or physical proper-
ties may be achieved by printing an agent onto a layer
of the build material to form a slice of an object, a voxel
may represent a volume defined by the thickness of a
layer of build material and the surface area of a layer
which can be individually addressed with an agent. In
some contexts, a voxel may be the resolution to which
an object model, an object, or object generation data, is
defined.
[0010] As mentioned above, in an additive manufac-
turing/object generation workflow, there may be various
entities which call for some knowledge of the object to
be generated. However, while the entities may be trusted
to perform their assigned workflow task, in some exam-
ples (or as a matter of data security good practise), the
entities and/or data communication security may not be
fully trusted. This may be, for example, as data security
is not assured, for example during data transfer or at the
entity site. In other examples, there may be a concern
that design data may be maliciously accessed, modified,
retained and/or passed on.
[0011] However, it may be the case that certain tasks
in an additive manufacturing workflow may be accom-
plished through provision of data in which at least one
part of the object is concealed or obfuscated. By deriving
and transmitting or providing access to such data the
workflow may proceed while distribution of the object
model data in its original form is controlled, in some ex-
amples being minimised or reduced.
[0012] Figure 1 is an example of a method, which may
be implemented using at least one processor. In some
examples, the method may be implemented in a secure
data processing environment. In some examples, the
method may be carried out in an environment controlled
by, or trusted by, a designer or design owner. In some
examples, the method may be a method of concealing
part of object model data, which may be a selected part.
[0013] Block 102 comprises acquiring first object mod-
el data representing a first three-dimensional object. The
object may be an object to be generated in additive man-
ufacturing. The data may for example comprise a voxel
representation of an object, or a ’wireframe’, mesh or
vector representation of the object. In some examples,
the data may comprise a representation of the object’s
surface. The data may for example be stored using a
3MF format, Stereolithography (STL) file format, OBJ file
format, or any other file format capable of representing
a three dimensional object.
[0014] In some examples, the first object model data
may be suitable to provide an input into an additive man-

ufacturing workflow, and may comprise all the design da-
ta necessary for object generation. In some examples,
the first object model data may be suitable to allow an
object to be generated at least substantially automatical-
ly. In other words, although processing of the data may
be carried out in order to develop control data for gener-
ating the object, it may be the case that such processing
will not comprise developing design data or substantial
user/designer input. In some examples, the first object
model data may be or comprise control data to control
an additive manufacturing apparatus to generate the ob-
ject, for example comprising control data for an additive
manufacturing apparatus. In other examples, the object
model data may be processed, for example using map-
ping tables, to determine what materials are to be used
in generating the object, and processing (for example,
halftoning) to determine where the materials should be
placed, and the like.
[0015] In some examples, the object model data may
comprise or be associated with object property data. For
example, the object model data may define a three-di-
mensional model of at least a portion of the object, for
example defining the shape and extent (e.g. the solid
portions of the object) and/or surface of all or part of an
object in a three-dimensional co-ordinate system. The
object model data may for example be data generated
by a computer aided design (CAD) application or the like.
Object property data may for example define at least one
object property for the three-dimensional object to be
generated. For example, object property data may com-
prise a color, flexibility, elasticity, rigidity, surface rough-
ness, porosity, inter-layer strength, density, conductivity
and the like for at least a portion of the object to be gen-
erated. In some examples, rather than being described
in terms of property values, the object property data may
be described in terms of materials, for example, build
materials and/or print agents to be used in generating
the object. Such object property data may be defined, for
example, for the whole of an object to be generated (glo-
bal property data) or for one or multiple portions of an
object to be generated (local property data). Object prop-
erty data may define multiple object properties for a por-
tion or portions of an object.
[0016] Such object model data may be received as a
single file or as multiple data objects. In some examples,
the object model data may be provided in terms of voxels
that are defined in a three-dimensional (also referred to
herein as [x,y,z]) space. A given voxel may have an at-
tribute. For example, a voxel may be associated with data
that indicates whether a portion of the model object is
present at that location. In some examples, object prop-
erty values (for example as defined in object property
data) may be associated with each voxel as an attribute
thereof. Object property data may thereby be associated
with a set of voxels, e.g. ranging from individual voxels
to all voxels associated with the object.
[0017] For example, object model data may describe
a number of voxels, each of which has an intended rel-
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ative location in space. The voxels may populate the solid
regions of the object. In relation to at least one of those
voxels, at least one property value may be specified: for
example, a particular voxel may be red (or a particular
red) and transparent, while another voxel may be blue
and have a particular density. In one example, the object
model data comprises a model of a three-dimensional
object that has at least one object property specified at
every location within the model, e.g. at every [x, y, z] co-
ordinate.
[0018] Block 104 comprises identifying at least one
portion of the first object model data as representing an
object region to be concealed. The region(s) may for ex-
ample comprise surfaces or structures which extend over
part of the object, but not the whole object (i.e. sub-por-
tions/sub-regions). The region(s) may for example com-
prise a comparatively sensitive region, i.e. a region of the
object which, if exposed or improperly accessed by un-
authorised or unintended parties, would be comparative-
ly detrimental when compared to other object regions.
For example, if the object was a cup with a novel design
feature which was provided by the shape of a handle,
the handle may be identified as an object region to be
concealed whereas the body of the cup may not be so
identified. However, in some examples, ’non-sensitive’
regions may be selected in order to conceal what region
is considered sensitive. In some examples, the object
region is identified following user input. For example, a
user may indicate a region by enclosing the correspond-
ing potion of a graphical representation of the region in
a loop using a graphic interface. In another example, a
user may indicate a point on a surface, and the processor
may identify the extent of that surface based on its ge-
ometry. In another example, an object portion within a
distance (for example, a radius, which in some examples
may be user defined) of a user-indicated point may com-
prise the identified region. The surface may be an internal
or external surface. In another example, at least one ob-
ject portion may be labelled, or otherwise identified, and
a user may select a label or the like. In another example,
a user may indicate a plurality of points (e.g. three points)
forming at least one surface such as a plane, and the
intersection of the surface(s) and the object may define
the region. In a further example, the portion may be iden-
tified automatically, for example as having a texture, ge-
ometry or the like which matches predetermined charac-
teristics, or which differs from another object (for exam-
ple, a previously released version of the object, such that
new features of, say, a cellular telephone or some other
object, could be automatically identified by comparing
the object model data to a previous version of that cellular
telephone/other object). For example, an object surface
may be identified using range segmentation, which may
be region-based or edge-based.
[0019] Block 106 comprises transforming the first ob-
ject model data to determine second object model data
representing a modified first three-dimensional object
which is distended in the identified object region. The

modified first three-dimensional object may be substan-
tially the same as the original first three-dimensional ob-
ject in other object regions (i.e. it may be substantially
the same as the first three-dimensional object outside
the identified object region(s)). The transformation may
be applied to the data portion(s) representing the identi-
fied object region(s) to be concealed (and, in some ex-
amples, not to other data portions). The object region is
distended meaning that the original object region may be
wholly contained within the distended region, i.e. the sur-
face of the distended region at least encloses the surface
of the region prior to it being distended. The modified
object may therefore be larger than the original object at
at least one point. To consider it another way, the trans-
formation may comprise extending data representing the
identified object region to enclose a volume external to
the first three dimensional object. It may be that, at at
least one point, the surface of the distended portion is in
the same location as the corresponding surface of the
original object. However, at at least one point, the surface
of the distended portion encloses an additional volume
beyond the corresponding surface of the original object.
By distending the first object in a region thereof (rather
than, for example, simply changes which could result in
an object portion being recessed below the original sur-
face), the modified object occupies all of the space of the
original object, as well as some additional space.
[0020] This means that the original shape, contours
and features of the region of the object which are dis-
tended are concealed or obfuscated. In the case where
these features are particularly sensitive or valuable, the
sensitivity of the second object model data characterising
the modified first object is therefore reduced when com-
pared to the first object model data characterising the
first object and it may be the case that the second object
model data may be distributed with less concern that a
would-be imitator or any other person who may wish to
gain access to the design could derive the full design,
and therefore the full benefit of the object model data.
[0021] In some examples, the second object model da-
ta may be to be distributed as part as an object generation
workflow, for example being supplied to allow ’batching’
of a number of objects to be generated at once. In batch-
ing processes, a number of the same or different objects
may be considered for fabricating in a single build oper-
ation, and the batching process may comprise arranging
the objects. In order to increase production rates, it may
be that the objects are to be packed within a fabrication
chamber as closely as is practical. As such, it may be
determined if an object may be rotated for better packing,
or if it provides a void in which another object may be
manufactured, or if it may be manufactured alongside,
or in a void of, another object or objects, or the like. As
such, in ’batching’, voids or channels in one object may
be used to generate at least part of another object.
[0022] In this example, as at least one portion is dis-
tended, the underlying design features of the original ob-
ject are obscured (and may be entirely absent in the sec-
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ond object model data) and therefore protected from cop-
ying. While this is at the cost of the object which is used
to determine batching being larger than the object to be
manufactured (and therefore possibly reducing the pack-
ing efficiency and/or increasing the volume reserved for
generating the object, and in turn, in some examples, the
associated price for object generation), this is mitigated
by the fact that just identified portions are distended. In
addition, a build operation for generating the object may
be costed lower if the distortion is applied just to region(s)
of interest (for example, regions relating to particularly
sensitive, valuable or innovative design features) as the
volume of a build chamber to be reserved for manufac-
turing the object may be lower than if the object as a
whole was enlarged to conceal the features. This could
be compared to, for example, replacing the object as
whole with its bounding box, in which case all opportu-
nities for nesting within the object space would be lost,
which may increase costs and/or reduce manufacturing
throughput more than the currently proposed method.
[0023] Moreover, as just identified region(s) are dis-
tended, the data processing carried out in determining
the second object model data is relatively low when com-
pared to some examples in which each region of the ob-
ject is obfuscated. As the object is distended, this means
batching operations will not place another object in a re-
gion which the first object will occupy in object generation
(as could be the case if, instead an object region was
allowed to shrink within the original boundary). Thus, by
concealing the object portion specifically by distending it
(when compared, for example, to more generally blurring
or distorting it), the object generation pipeline may con-
tinue as intended.
[0024] Either or both of the first and second object mod-
el data may be stored and may be digitally secured, for
example with encryption, signatures or the like, before
distribution.
[0025] The manner in which the object region is dis-
tended may comprise any, or any combination of tech-
niques such as those set out below, all of which result in
effect in the modified object which would, if generated,
comprise additional material compared to the original ob-
ject. In the below examples, it may be the case that, where
the surface of the distended object does not coincide with
a corresponding surface of the original object, the object
model data relating to the surface of the original object
provided in the first object model data is absent in the
second object model data.
[0026] In one example, as shown in Figure 2A, data
representing a concavity in the identified object region is
transformed to at least partially reduce the depth of the
concavity. This may comprise, for example, in effect filling
a concavity with material, either by mapping a surface to
another surface in which the concavity is shallower, or
as in the example of the figure, non-existent, or by ’add-
ing’ material directly, for example adding voxels into the
concavity. Figure 2A shows a cup 200 having a liquid
containing cavity. In generating the modified version of

the cup, the portion of cup 200 comprising the cavity is
replaced such that an original concave inner surface 202
is replaced with a distended surface 204, spanning the
mouth of the concavity. The relationship between the
original and the distended surface is shown using arrows.
[0027] In another example, data representing the iden-
tified object region may be replaced with data represent-
ing a predetermined geometrical shape bounding the re-
gion. Such shapes may be filled shapes, for example
solid cubes, cuboids, prisms, spheroids or the like. For
example, in the above described case of a cup 200, and
as shown in Figure 2B, an identified data portion of the
handle 206 may be replaced with a cuboid 208 fully en-
closing the handle and the void between the handle and
the cup body (in some examples, the smallest cuboid
which fully encloses the handle). Instead of a single
cuboid (or other shapes), a plurality of shapes could be
used to fill the area. In another example, as shown in
Figure 2C, the shape of the handle 206 may be obscured
by replacing it with at least one shape 210 (in this exam-
ple, a cylinder) which follow the form thereof (i.e. data
indicating the presence of the void may be retained). In
some examples the shapes 210 may be user selected
or determined automatically. Such shapes could include
shapes having quadratic surfaces such as cones, cylin-
ders, ellipsoids, spheroids, spheres, hyperboloids, pa-
raboloids and the like. The choice of which shapes to use
may be automated, for example to select the closest sur-
face (which in turn may limit the degree of distension
while concealing identified feature(s) (for example, sen-
sitive feature(s)) of the original design. In another exam-
ple, one or more shapes could be added to a surface or
to enclose at least part of a selected portion, for example
being placed or positioned based on user input or auto-
matically. The size and form of such shapes may be user
selected in some examples, or may be selected auto-
matically.
[0028] In another example illustrated in Figure 2D,
transforming the first object model data may comprise
applying a random or pseudorandom function to at least
one data point characterising an object surface of the
identified object region. For example, this may comprise
using a function to map a point 212 (for example, a vertex
in a mesh representation) in a surface 214 of the object
to a selected point 216 on a surface 218 which was pre-
viously external to the object. In some examples, each
mapped point may be mapped according to a noise func-
tion or a random or pseudorandom function.
[0029] In some examples, transforming the first object
model data comprises determining the second object
model data to represent a modified first three-dimension-
al object wherein the distension of the first three-dimen-
sional object is applied such that the distended surface
is within a bounding box 220 bounding the first three-
dimensional object. A ’bounding box’, as shown in Figure
2D is a cuboid which fully encloses the object and in some
examples a region outside the object. Such bounding
boxes may be used in three dimensional object modelling
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as a relatively crude representation of the volume the
object may occupy. There may be little benefit to extend-
ing the object beyond the boundary box, and therefore
setting a condition that the distension remains within the
bounding box 220 may in turn reduce the opportunity for
needlessly distending the object. Although shown in re-
lation to the distension of Figure 2D, this could be used
for any of the distension techniques. In some examples
however, an object may be distended beyond the bound-
ing box 220, e.g. to conceal the full geometry, accurate
sizes of object or its nature. In Figure 2D, the condition
that the distention is contained within the bounding box
220is shown in the truncation of some of the transforma-
tions applied to data points, i.e. the surface 218 is wholly
contained within the bounding box 220. In other exam-
ples, boundaries other than the bounding boxes may be
defined, for example by a user.
[0030] There may be other conditions on the distortion
applied. For example, a distension may be determined
to resolve any clashes between surfaces which are dis-
tended towards one another. In a mesh-based surface
representations both positions of vertices and mesh to-
pology may be modified to make it computationally hard
to restore an original object from a modified object. In a
voxel-based object, there may be a condition that each
location corresponds to at most a single voxel.
[0031] In another example, as shown in Figure 2E,
transforming the first object model data may comprise
replacing at least one data point 222 characterising an
object surface 224 of the identified object region with a
data point 226 in a predetermined regular surface 228.
As used herein, a regular surface is a surface with a
smoothly varying function, which can be described using
a mathematical function. The new regular surface 228 is
exterior to the original object surface 224 at at least one,
and in some examples, most or all points, and the dis-
tended portion can therefore fully encapsulate the origi-
nal surface of the portion. In some cases, the smooth
surface may be derived based on the original surface,
for example being fitted to a predetermined number of
the ’highest’ points of the surface (in some cases with an
offset therefrom), or any underlying curve of the object
surface 224. For example, the surface may be a quadratic
surface, such as a cone, cylinder, ellipsoid, spheroid,
sphere, hyperboloid, paraboloid, or the like. Higher de-
gree surfaces could be used in some examples.
[0032] Figure 3 is another example of a method, which
may be used in an object generation workflow. Block 102
is as described in relation to Figure 1 above. Block 302
comprises receiving a user input indicative of the object
region. This is used to identify a portion of the first object
model data representing an object region to be concealed
as described in relation to block 104 above.
[0033] Block 304 comprises receiving a user input in-
dicative of a degree of distension to be applied to the
object region. For example, this may specify a minimum
thickness of ’padding’ to be applied to each point on the
surface, may set a variable for a level of noise, and/or

may set a threshold similarity constraint (such that the
original and distended portions are different by at least
a predetermined amount).
[0034] In some examples, block 302 and/or block 304
may comprise interacting with an image of the object pre-
sented on a screen, for example indicating points or re-
gions, expanding and contracting the object, changing
variables and/or receiving a visual feedback of the result.
[0035] In block 306, an indication of a cost of manu-
facture associated with the second object model data is
determined and, in block 308, displayed to a user.
[0036] As discussed above, by distending the object,
the estimated cost to manufacture may increase. This is
the case even though the object will be manufactured to
the original specification as, in effect, an additional por-
tion of the fabrication chamber is reserved for the sake
of increasing the design security, and opportunities for
close packing, nesting and the like within the fabrication
chamber may be lost. The price may increase as the
degree of distension increases and in some examples
blocks 304 to 308 may be carried out in a number of
cycles until the user is satisfied with the balance between
the level of concealment provided to the design and the
cost of manufacture. In some examples, the type(s) of
distortion (e.g. add noise, encapsulate object region with
geometric shape, fill concavities, add shapes and the
like) to be applied may also be selected by a user. For
example, each applied distension could be reviewed by
a user, who may opt to increase or decrease the amount
of additional material to be added, or to change the type
of distension applied, to create a modified object. For
example, a ’slider’ graphical interface may be provided.
The control to add or remove material may be control at
the level of voxels. In other examples, this could be per-
formed automatically, by evaluating a degree of similarity
between the modified object and the original object in at
least the region to be concealed, and iterating until a
threshold level is reached. In another example, different
distensions may be applied on the basis that they are
associated with a predetermined (for example, user
specified) cost or cost increase, and evaluated. These
may for example be ranked and/or the optimal distention
in terms of concealment associated with a particular cost
or cost band may be identified, in some examples auto-
matically by evaluating a degree of similarity between
the original and modified object.
[0037] Block 310 comprises storing the second object
model data and a data file. In one example, the data file
comprises an indication of any object portion contained
within the modified first three-dimensional object, and not
within the first three-dimensional object prior to transfor-
mation. In one example, such an object portion may have
an indication of the distended surface and of the original
surface. In another example, a transformation function
to transform the modified first three-dimensional object
into the first three-dimensional object may be stored as
a data file. Such data files may each be used to recover
the first object model data, effectively reversing the dis-
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tension applied, for example by subtracting any object
portion contained within the modified first three-dimen-
sional object, and not within the first three-dimensional
object prior to transformation or applying the transforma-
tion function. In other examples, both the first and second
object model data may be retained in their entirety. How-
ever, it may be the case that the data file containing in-
formation to recover the first object model data occupies
less memory than the first object model data in its entirety.
Such a data file may itself be protected, for example using
encryption and the like, before being distributed.
[0038] In one example workflow, therefore, the second
object model data may be used in ’batching’ and forward-
ed to an object fabricator. The object fabricator may also
receive an encrypted data file, either from the batching
entity or elsewhere, decrypt this and use the data therein
to derive the first object model data, from which the object
may be generated. In some examples, decryption of the
first data model by any work flow participant other than
the fabricated may be prevented.
[0039] As mentioned above, in another example, both
the first and second object model data may be retained.
These may be stored together or separately. However,
in some such examples, the first object model data may
be encrypted while the second object model data is not,
or the first object model data may be encrypted with a
higher security that the second object model data, and/or
the object model data may be encrypted with a different
key to the key used to encrypt the second object model
data.
[0040] Figure 4 is an example of processing circuitry
400 comprising a selection module 402 and a transfor-
mation module 404. The selection module 402 is opera-
ble to select a portion of an object represented in object
model data as an object portion which to be concealed.
The transformation module 404 is operable to transform
the object model data to distend the object in a selected
object portion to provide object model data representing
a modified object. In some examples, the information re-
lating to at least part of the selected portion may be en-
tirely replaced in the object model data representing a
modified object.
[0041] In some examples, the transformation module
404 is operable to transform data representing a surface
of the selected object portion by mapping a plurality of
data points representing the surface to displace them
from their original position (with the condition that the
displaced position is external to the original object). For
example, the data points may be vertices in a mesh or
wire frame representation of the surface. In some exam-
ples, the data points may be mapped to a surface to which
the selected object portion is interior and which further
encloses a region which external to the selected object
portion. In another example, each of the plurality of data
points may be mapped to a new data point determined
according to a function, which may be a random or pseu-
dorandom function, for example a noise function. In some
examples it could be uniformly distributed random or

pseudo-random function.
[0042] In another example, the transformation module
404 may be operable to transform data representing the
selected object portion by adding at least one predeter-
mined volume to the exterior of the selected object potion.
This could for example comprise adding at least one vox-
el, or some other volume, to the exterior.
[0043] Figure 5 shows an interface 500 which controls
a display device 502 and which receives input from a
user input device 504, which in this example is a com-
puter ’mouse’.
[0044] The interface 500 is operable to control the dis-
play device 502 to display the object and the modified
object, for example simultaneously or consecutively or
in some other manner. Such a display may allow the user
to verify that the portion of the object to be concealed is
sufficiently obscured. The display device 502 may also
display build cost information.
[0045] The apparatus of Figure 5 may operate in con-
junction with the processing circuitry 400 of Figure 4. The
processing circuitry 400 may be configured so as to carry
out any of the blocks of Figure 1 or Figure 3, or the actions
described in relation thereto.
[0046] The input device 504 in this example allows user
inputs, which comprise at least one of (i) a user selection
of a portion of the object that is sensitive (i.e. to provide
information to the selection module 402); (ii) a user se-
lection of a type of distension to be applied to a selected
object portion; and/or (iii) a user selection of a degree of
distension to be applied to a selected object portion.
[0047] Figure 6 shows a processor 600 in communi-
cation with a machine readable medium 602. The ma-
chine readable medium 602 comprises instructions
which, when executed by the processor 600, cause the
processor 600 to, on receipt of at least one user input
identifying a sub-region of a three-dimensional object
which is to be concealed, transform data representing
the three dimensional object so as to represent an object
which is distended in the user identified sub-region. The
user identified sub-region may for example comprise a
sub-region which the user wishes to conceal in at least
part of an additive manufacturing process, although it
may include at least one other region (for example, to
cast doubt on which feature is determined by the user to
be confidential).
[0048] In some examples, the machine readable me-
dium 602 comprises further instructions which, when ex-
ecuted by the processor 600, cause the processor 600
to, on receipt of at least one user input identifying a de-
gree to which the sub-region of the three-dimensional
object is to be distended, determine a transformation to
apply to the data.
[0049] The machine readable medium 602 comprises
further instructions which, when executed by the proces-
sor 600, cause the processor 600 to carry out any of the
blocks of Figure 1 or Figure 3, or the actions described
in relation thereto.
[0050] Examples in the present disclosure can be pro-
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vided as methods, systems or machine readable instruc-
tions, such as any combination of software, hardware,
firmware or the like. Such machine readable instructions
may be included on a machine readable storage medium
(including but is not limited to disc storage, CD-ROM,
optical storage, etc.) having machine readable program
codes therein or thereon.
[0051] The present disclosure is described with refer-
ence to flow charts and block diagrams of the method,
devices and systems according to examples of the
present disclosure. Although the flow diagrams de-
scribed 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 at least some flows and blocks in the
flow charts and block diagrams, as well as combinations
thereof can be realized by machine readable instructions.
[0052] The machine readable instructions may, for ex-
ample, be executed by a general purpose computer, a
special purpose computer, an embedded processor or
processors of other programmable data processing de-
vices to realize the functions described in the description
and diagrams. In particular, a processor or processing
circuitry may execute the machine readable instructions.
Thus functional modules of the apparatus and devices
(for example, the selection module 402, the transforma-
tion module 404 and the interface 500) may be imple-
mented by a processor executing machine readable in-
structions stored in a memory, or a processor operating
in accordance with instructions embedded in logic cir-
cuitry. The term ’processor’ is to be interpreted broadly
to include a CPU, processing unit, ASIC, logic unit, or
programmable gate array etc. The methods and func-
tional modules may all be performed by a single proces-
sor or divided amongst several processors.
[0053] Such machine readable instructions may also
be stored in a machine readable storage (e.g. a tangible
machine readable medium) that can guide the computer
or other programmable data processing devices to op-
erate in a specific mode.
[0054] Such machine readable instructions may also
be loaded onto a computer or other programmable data
processing devices, so that the computer or other pro-
grammable data processing devices perform a series of
operations to produce computer-implemented process-
ing, thus the instructions executed on the computer or
other programmable devices realize functions specified
by flow(s) in the flow charts and/or block(s) in the block
diagrams.
[0055] Further, the teachings herein may be imple-
mented in the form of a computer software product, the
computer software product being stored in a storage me-
dium and comprising a plurality of instructions for making
a computer device implement the methods recited in the
examples of the present disclosure.
[0056] While the method, apparatus and related as-
pects have been described with reference to certain ex-

amples, various modifications, changes, omissions, and
substitutions can be made without departing from the
spirit of the present disclosure. It is intended, therefore,
that the method, apparatus and related aspects be limited
only by the scope of the following claims and their equiv-
alents. It should be noted that the above-mentioned ex-
amples illustrate rather than limit what is described here-
in, and that those skilled in the art will be able to design
many alternative implementations without departing from
the scope of the appended claims. Features described
in relation to one example may be combined with features
of another example.
[0057] 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 proc-
essor or other unit may fulfil the functions of several units
recited in the claims.
[0058] The features of any dependent claim may be
combined with the features of any of the independent
claims or other dependent claims.

Claims

1. A method comprising:

acquiring (102), at a processor, first object mod-
el data representing a first three-dimensional
object;
identifying (104), using the processor, a portion
of the first object model data as representing an
object region to be concealed; and
transforming (106), using the processor, the first
object model data to determine second object
model data representing a modified first three-
dimensional object which is distended in the ob-
ject region represented by the identified portion
of the first object model data.

2. A method according to claim 1 in which identifying a
portion of the first object model data as representing
an object region to be concealed comprises receiv-
ing a user input indicative of the object region.

3. A method according to claim 1 or 2 in which trans-
forming the first object model data comprises deter-
mining the second object model data to represent a
modified first three-dimensional object by at least
one of:

transforming data representing a concavity in
the object region represented by the identified
portion of the first object model data to at least
partially reduce a depth of the concavity;
replacing data representing the object region
represented by the identified portion of the first
object model data with data representing a pre-
determined geometrical shape bounding the ob-
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ject region represented by the identified portion
of the first object model data;
transforming data representing the object region
represented by the identified portion of the first
object model data to enclose a volume external
to the first three-dimensional object;
applying a random or pseudorandom function
to at least one data point characterising an ob-
ject surface of the object region represented by
the identified portion of the first object model da-
ta; and
replacing at least one data point characterising
an object surface of the object region represent-
ed by the identified portion of the first object mod-
el data with a data point in a predetermined reg-
ular surface.

4. A method according to any one of claims 1 to 3 further
comprising receiving a user input indicative of a de-
gree of distension to be applied to the object region.

5. A method according to any one of claims 1 to 4 in
which transforming the first object model data com-
prises determining the second object model data to
represent the modified first three-dimensional object
wherein a distension of the first three-dimensional
object is contained within a bounding box bounding
the first three-dimensional object.

6. A method according to any one of claims 1 to 5 com-
prising determining an indication of a cost of manu-
facture associated with the second object model data
and displaying the cost of manufacture to a user.

7. A method according to any one of claims 1 to 6 com-
prising storing a data file, the data file comprising an
indication of any object portion contained within the
modified first three-dimensional object, and not with-
in the first three-dimensional object prior to transfor-
mation.

8. A method according to any one of claims 1 to 7 com-
prising determining a transformation function to
transform the modified first three-dimensional object
into the first three-dimensional object.

9. Processing circuitry (400) comprising:

a selection module (402) to select a portion of
an object represented in object model data as
an object portion which to be concealed; and
a transformation module (404) to transform the
object model data to distend the object in a se-
lected object portion to provide object model da-
ta representing a modified object.

10. Processing circuitry according to claim 9 further com-
prising an interface to control a display device to dis-

play a representation of the object and of the modi-
fied object.

11. Processing circuitry according to claim 10 in which
the interface is further to receive a user input, the
user input comprising at least one of:

a user selection of a portion of the object that is
sensitive;
a user selection of a type of distension to be
applied to a selected object portion; and
a user selection of a degree of distension to be
applied to a selected object portion.

12. Processing circuitry according to any one of claims
9 to 11 in which the transformation module is to trans-
form data representing a surface of a selected object
portion by mapping a plurality of data points repre-
senting the surface to one of:

a surface to which the selected object portion is
interior and which further encloses a region
which external to the selected object portion; or
a plurality of data points determined according
to a function.

13. Processing circuitry according to any one of claims
9 to 12 in which the transformation module is to trans-
form data representing the selected object portion
by adding at least one predetermined volume to an
exterior of a selected object potion.

14. A tangible machine readable medium comprising in-
structions which, when executed by a processor,
cause the processor to:

on receipt of at least one user input identifying
a sub-region of a three-dimensional object
which is to be concealed, transform data repre-
senting the three-dimensional object so as to
represent an object which is distended in the
user identified sub-region.

15. A tangible machine readable medium according to
claim 14 further comprising instructions which, when
executed by a processor, cause the processor to: on
receipt of at least one user input identifying a degree
to which the sub-region of the three-dimensional ob-
ject is to be distended, determine a transformation
to apply to the data.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method comprising:

acquiring (102), at a processor, first object mod-
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el data representing a first three-dimensional
object;
identifying (104), using the processor, a portion
of the first object model data as representing an
object region to be concealed; and
transforming (106), using the processor, the first
object model data to determine second object
model data representing a modified first three-
dimensional object which is distended in the ob-
ject region represented by the identified portion
of the first object model data,
wherein transforming the first object model data
comprises determining the second object model
data to represent the modified first three-dimen-
sional object by replacing data representing the
object region represented by the identified por-
tion of the first object model data with data rep-
resenting a predetermined geometrical shape
bounding the object region represented by the
identified portion of the first object model data.

2. A method according to claim 1 in which identifying a
portion of the first object model data as representing
an object region to be concealed comprises receiv-
ing a user input indicative of the object region.

3. A method according to claim 1 or 2 in which trans-
forming the first object model data further comprises
determining the second object model data to repre-
sent a modified first three-dimensional object by at
least one of:

transforming data representing a concavity in
the object region represented by the identified
portion of the first object model data to at least
partially reduce a depth of the concavity;
transforming data representing the object region
represented by the identified portion of the first
object model data to enclose a volume external
to the first three-dimensional object;
applying a random or pseudorandom function
to at least one data point characterising an ob-
ject surface of the object region represented by
the identified portion of the first object model da-
ta; and
replacing at least one data point characterising
an object surface of the object region represent-
ed by the identified portion of the first object mod-
el data with a data point in a predetermined reg-
ular surface.

4. A method according to any one of claims 1 to 3 further
comprising receiving a user input indicative of a de-
gree of distension to be applied to the object region.

5. A method according to any one of claims 1 to 4 in
which transforming the first object model data com-
prises determining the second object model data to

represent the modified first three-dimensional object
wherein a distension of the first three-dimensional
object is contained within a bounding box bounding
the first three-dimensional object.

6. A method according to any one of claims 1 to 5 com-
prising determining an indication of a cost of manu-
facture associated with the second object model data
and displaying the cost of manufacture to a user.

7. A method according to any one of claims 1 to 6 com-
prising storing a data file, the data file comprising an
indication of any object portion contained within the
modified first three-dimensional object, and not with-
in the first three-dimensional object prior to transfor-
mation.

8. A method according to any one of claims 1 to 7 com-
prising determining a transformation function to
transform the modified first three-dimensional object
into the first three-dimensional object.

9. Processing circuitry (400) comprising:

a selection module (402) configured to select a
portion of an object represented in object model
data as an object portion to be concealed; and
a transformation module (404) configured to
transform the object model data to distend the
object in a selected object portion to provide
modified object model data representing a mod-
ified object, wherein, to transform the object
model data, the transformation module (404) is
configured to determine the modified object
model data to represent the modified object by
replacing data representing the object portion
with data representing a predetermined geomet-
rical shape bounding the object portion.

10. Processing circuitry according to claim 9 further com-
prising an interface configured to control a display
device to display a representation of the object and
of the modified object.

11. Processing circuitry according to claim 10 in which
the interface is further configured to receive a user
input, the user input comprising at least one of:

a user selection of a portion of the object that is
sensitive;
a user selection of a type of distension to be
applied to a selected object portion; and
a user selection of a degree of distension to be
applied to a selected object portion.

12. Processing circuitry according to any one of claims
9 to 11 in which the transformation module is con-
figured to transform data representing a surface of

17 18 



EP 3 340 083 A1

11

5

10

15

20

25

30

35

40

45

50

55

a selected object portion by mapping a plurality of
data points representing the surface to one of:

a surface to which the selected object portion is
interior and which further encloses a region
which is external to the selected object portion;
or
a plurality of data points determined according
to a function.

13. Processing circuitry according to any one of claims
9 to 12 in which the transformation module is con-
figured to transform data representing the selected
object portion by adding at least one predetermined
volume to an exterior of a selected object potion.

14. A tangible machine readable medium comprising in-
structions which, when executed by a processor,
cause the processor to:

on receipt of at least one user input identifying
a sub-region of a three-dimensional object
which is to be concealed, transform data repre-
senting the three-dimensional object so as to
represent a modified object which is distended
in the user identified sub-region,
wherein, to transform the data representing the
three-dimensional object, the processor is con-
figured to determine a modified object model da-
ta to represent the modified object by replacing
data representing the identified sub-region with
data representing a predetermined geometrical
shape bounding the identified sub-region,

15. A tangible machine readable medium according to
claim 14 further comprising instructions which, when
executed by a processor, cause the processor to: on
receipt of at least one user input identifying a degree
to which the sub-region of the three-dimensional ob-
ject is to be distended, determine a transformation
to apply to the data.
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