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Description

FIELD

[0001] Various embodiments described herein relate
to methods and devices for image processing and, more
particularly, to creating 3D images.

BACKGROUND

[0002] There are multiple environments in which three-
dimensional (3D) models of real physical objects may be
useful. For example, 3D printing may make allow the gen-
eration of a model of an object based on a generated 3D
representation of the object. As another example, immer-
sive computing environments may use 3D models to rep-
resent and/or display real objects in a 3D virtual space.
Generating a 3D model of a physical object may involve
using a camera to record images of the physical object,
and mapping a shape and surface of the object in virtual
space. One such method to map the object to virtual
space is a technique known as Simultaneous Localiza-
tion and Mapping (SLAM).
[0003] SLAM relates to the process of constructing or
updating a map of an object while a user’s location is
non-static in the environment. In mono-camera systems,
image-based positioning algorithms may use SLAM
techniques to create 3D images for augmented reality,
3D printing, 3D model development, and other applica-
tions. An important part of using SLAM techniques is the
baseline initialization of an inferred 3D image from two-
dimensional (2D) coordinates. By inferring the 3D image
from the 2D coordinates, SLAM techniques can generate
a 3D model from a series of 2D images from a camera,
which can allow the generation of a 3D model from the
series of images.
[0004] Generating the 3D model of the object from the
images can be a time-consuming process utilizing large
amounts of computer processing power and computer
resources. Often the series of 2D images may contain
incomplete information about the object. For example,
an object being scanned may be placed on a table or on
the ground. Methods for generating the 3D model may
be unable to reconstruct parts of the object without suf-
ficient information about portions of the object that may
be concealed.
[0005] WO 2014/106760 A2 discloses a method for
modifying a boundary object. The method comprises the
steps of specifying a force corresponding to an initial
boundary object comprising vertices. The method com-
prises defining a deformed boundary object by displacing
each of the vertices according to the respective calculat-
ed applied force. The position of at least some of the
displaced vertices of the deformed boundary object is
modified such that for each of the vertices of modified
position, the direction of a respective normal vector cor-
responds to a directional average of normal vectors of
the neighboring vertices. The invention further relates to

a computer-readable data medium and a computer pro-
gram carrying out the method.
[0006] US 2012/113116 A1 discloses a system and
method operating on data representative of three-dimen-
sional shapes, in general, and a system and method op-
erating on data representative of three-dimensional head
shapes, in particular. The method and system are pro-
vided for the processing of digital three-dimensional cap-
tured image representations of a subject. The method
and system automatically orients each digital three-di-
mensional image captured file such that the resulting file
has the image of the subject oriented in accordance with
a predetermined orientation. The method and system au-
tomatically selectively crops or cuts each three-dimen-
sional image captured file such that the resulting file is
limited to only a predetermined portion of the subject.
[0007] KNOPF G K ET AL, "Deformable mesh for vir-
tual shape sculpting", ROBOTICS AND COMPUTER IN-
TEGRATED MANUFACTURING, ELSEVIER SCIENCE
PUBLISHERS BV., BARKING, GB, vol. 21, no. 4-5, ISSN
0736-5845, (200508), pages 302 - 311, (20050801),
XP027721048 [A] discloses an interactive virtual sculpt-
ing framework based upon a deformable mesh model
generated by a self-organizing feature map (SOFM). A
three-dimensional lattice of the SOFM maintains the rel-
ative connectivity of neighboring nodes in a hexahedral
mesh as it transforms from the initial reference geometry
into the desired shape.

SUMMARY

[0008] Various embodiments described herein provide
methods, systems, and computer program products for
removing unused portions of a 3D mesh representation
of an object.
[0009] According to one aspect of the invention, a com-
puter-implemented method includes generating a first
mesh representation of the object, the first mesh repre-
sentation including a plurality of polygons, respective
ones of the polygons including at least three vertices and
at least three edges, wherein respective ones of the plu-
rality of polygons are associated with a precision value
that indicates an extent to which the respective ones of
the plurality of polygons in the first mesh representation
match the object, wherein generating the first mesh rep-
resentation of the object comprises modifying the preci-
sion value associated with ones of the plurality of poly-
gons responsive to repeatedly adjusting the ones of the
plurality of polygons to match a surface of the object; and
adjusting the first mesh representation of the object to
create a second mesh representation of the object by
removing, from the first mesh representation, polygons
of the plurality of polygons that are associated with pre-
cision values that have not been modified from an initial
precision value. In some embodiments, the method may
include storing the second mesh representation in the
memory of the electronic device. In some embodiments,
the method may be performed in the memory of an elec-
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tronic device.
[0010] According to another aspect of the invention,
an imaging system includes a processor, and a memory
coupled to the processor and storing computer readable
program code that when executed by the processor caus-
es the processor to perform operations including gener-
ating, within the memory, a first mesh representation of
an object, the first mesh representation including a plu-
rality of polygons, respective ones of the polygons includ-
ing at least three vertices and at least three edges, re-
spective ones of the plurality of polygons are associated
with a precision value that indicates an extent to which
the respective ones of the plurality of polygons in the first
mesh representation match the object, wherein generat-
ing (1000) the first mesh representation (400) of the ob-
ject (135) comprises modifying the precision value asso-
ciated with ones of the plurality of polygons (300) respon-
sive to repeatedly adjusting the ones of the plurality of
polygons (300) to match a surface of the object (135);
and adjusting the first mesh representation of the object
to create a second mesh representation of the object
removing, from the first mesh representation, polygons
of the plurality of polygons that are associated with pre-
cision values that have not been modified from an initial
precision value. In some embodiments, the operations
may include storing the second mesh representation in
the memory of the electronic device.
[0011] A computer program product for operating an
imaging system includes a non-transitory computer read-
able storage medium having computer readable program
code embodied in the medium that when executed by a
processor causes the processor to perform the method
embodiments described herein.
[0012] In some embodiments, the operations of the
method, imaging system, and/or computer program
product further include setting the precision value asso-
ciated with each of the plurality of polygons to the initial
precision value, receiving one or more images of a portion
of the object, identifying a plurality of points in the one or
more images that correspond to a surface of the object,
associating the plurality of points with a first set of vertices
of the plurality of polygons, and modifying the precision
value associated with the first set of the plurality of pol-
ygons responsive to adjusting the first set of the plurality
of polygons within the first mesh representation based
on the associated plurality of points.
[0013] In some embodiments, the at least three verti-
ces of respective ones of the plurality of polygons include
the precision value, and respective polygons of the plu-
rality of polygons are associated with each of the preci-
sion values of the at least three vertices of the respective
polygon.
[0014] In some embodiments, removing, from the first
mesh representation, polygons of the plurality of poly-
gons associated with precision values that have not been
modified from an initial precision value includes identify-
ing a border in the first mesh representation between the
vertices of the plurality of polygons whose precision val-

ues have not been modified from the initial precision val-
ue and the vertices of the plurality of polygons whose
precision values have been modified from the initial pre-
cision value, establishing a three-dimensional plane
through the first mesh representation based on the loca-
tion of the border, and removing portions of the first mesh
representation on a side of the three-dimensional plane.
[0015] In some embodiments, the three-dimensional
plane through the first mesh representation at least par-
tially intersects the border.
[0016] In some embodiments, the border includes a
contiguously connected series of edges through vertices
of the plurality of polygons.
[0017] In some embodiments, establishing the three-
dimensional plane through the first mesh representation
includes performing a random sample consensus
(RANSAC) calculation on a plurality of vertices on the
border.
[0018] In some embodiments, establishing the three-
dimensional plane through the first mesh representation
includes repeating a plurality of times the operations in-
cluding randomly selecting at least three vertices from a
plurality of vertices on the border, constructing a tempo-
rary plane through the at least three vertices, and calcu-
lating a cumulative distance for the vertices on the border
from the temporary plane, and establishing the three-
dimensional plane through the temporary plane that has
the lowest calculated cumulative distance.
[0019] In some embodiments, removing portions of the
first mesh representation on a side of the three-dimen-
sional plane comprises removing portions of the first
mesh representation that are at least a first distance away
from the three-dimensional plane in a line normal to the
three-dimensional plane.
[0020] In some embodiments, identifying the border in
the first mesh representation between the vertices of the
plurality of polygons whose precision values have not
been modified from the initial precision value and the
vertices of the plurality of polygons whose precision val-
ues have been modified from the initial precision value
includes identifying a contiguously connected series of
edges through vertices of the plurality of polygons,
wherein each edge of the series of edges has one vertex
whose precision value has been modified and one vertex
whose precision value has not been modified.
[0021] In some embodiments, identifying the border in
the first mesh representation between the vertices of the
plurality of polygons whose precision values have not
been modified from the initial precision value and the
vertices of the plurality of polygons whose precision val-
ues have been modified from the initial precision value
includes repeatedly examining each respective edge of
the plurality of polygons to identify border edges, wherein
the border edges have one vertex whose precision value
has been modified and one vertex whose precision value
has not been modified, and identifying a contiguously
connected series of border edges within the first mesh
representation as the border.
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[0022] In some embodiments, the plurality of polygons
comprise triangles having three vertices and three edges.
[0023] In some embodiments, the operations of the
method, imaging system, and/or computer program
product further include displaying the second mesh rep-
resentation on a display.
[0024] Advantageously, these embodiments may
quickly refine a 3D model to remove unused portion of
the model. For example, these operations may not re-
quire performing calculations for unused portions of a
mesh representation during subsequent processing.
These operations may also reduce the size of the mesh
representation, and thus reduce the amount of storage
and processing operations required to manipulate the
mesh representation. These operations may thus simpli-
fy and expedite the generation of a 3D model, and may
reduce processing time and resources by more quickly
refining the 3D model. In addition, these operations may
reduce the storage required for a 3D model.
[0025] It is noted that aspects of the inventive concepts
described with respect to one embodiment, may be in-
corporated in a different embodiment although not spe-
cifically described relative thereto. That is, all embodi-
ments and/or features of any embodiment can be com-
bined in any way and/or combination. Other operations
according to any of the embodiments described herein
may also be performed. These and other aspects of the
inventive concepts are described in detail in the specifi-
cation set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other objects and features will
become apparent from the following description with ref-
erence to the following figures, wherein like reference
numerals refer to like parts throughout the various figures
unless otherwise specified.

FIG. 1 illustrates a user taking pictures with a camera
as part of a 3D construction of an object, according
to various embodiments described herein.
FIG. 2A illustrates the generation of a point cloud
and mesh representation based on a 2D image, ac-
cording to various embodiments described herein.
FIG. 2B illustrates a 2D representation of a portion
of a mesh representation including polygons and
points of a point cloud, according to various embod-
iments described herein.
FIGs. 3A-3F are flowcharts of generating and
processing a 3D mesh from a series of 2D images,
according to various embodiments described herein.
FIG. 4 illustrates an initial mesh representation an
object, according to various embodiments described
herein.
FIG. 5 illustrates a mesh representation which has
been refined from the initial mesh representation of
FIG. 4, according to various embodiments described
herein.

FIG. 6 illustrates a border in a mesh representation
between modified and unmodified portions of the
mesh representation of FIG. 5, according to various
embodiments described herein.
FIG. 7 illustrates a plane intersecting the border in
the mesh representation of FIG. 6, according to var-
ious embodiments described herein.
FIG. 8 illustrates an example creation of a best fit 3D
plane through a series of vertices that make up a
border, according to various embodiments de-
scribed herein.
FIG. 9 illustrates an example creation of a best fit 3D
plane through a series of vertices that make up a
border, according to various embodiments de-
scribed herein.
FIG. 10 illustrates an example translation of a best
fit 3D plane in a normal direction, according to vari-
ous embodiments described herein.
FIG. 11 illustrates a truncated mesh representation
of an object, according to embodiments described
herein.
FIG. 12 is a block diagram of an electronic device
700 capable of implementing the inventive concepts,
according to various embodiments described herein.

DETAILED DESCRIPTION

[0027] Various embodiments will be described more
fully hereinafter with reference to the accompanying
drawings. Other embodiments may take many different
forms and should not be construed as limited to the em-
bodiments set forth herein. Like numbers refer to like
elements throughout.
[0028] Applications such as 3D imaging, mapping, and
navigation may use SLAM, which provides a process for
constructing or updating a map of an unknown environ-
ment while simultaneously keeping track of an object’s
location within it. This computational problem is recog-
nized to be a chicken-and-egg problem since the object
may be moving and the environment may be changing.
2D images of real objects may be captured with the ob-
jective of creating a 3D image that is used in real-world
applications such as augmented reality, 3D printing, or
3D visualization with different perspectives of the real
objects. The generated 3D representation of the objects
may be characterized by feature points that are specific
locations on the physical object in the 2D images that are
of importance for the 3D representation such as corners,
edges, center points, and other specific areas on the
physical object. There are several algorithms used for
solving this computational problem associated with 3D
imaging, using various approximations. Popular approx-
imate solution methods include the particle filter and Ex-
tended Kalman Filter (EKF). The particle filter, also
known as a Sequential Monte Carlo (SMC) linearizes
probabilistic estimates of data points. The Extended Ka-
lman Filter is used in non-linear state estimation in ap-
plications including navigation systems such as Global
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Positioning Systems (GPS), self-driving cars, unmanned
aerial vehicles, autonomous underwater vehicles, plan-
etary rovers, newly emerging domestic robots, medical
devices inside the human body, and/or imaging systems.
Imaging systems may generate 3D representations of an
object using SLAM techniques by performing a transfor-
mation of the object in a 2D image to produce a repre-
sentation of a 3D object.
[0029] However, the underlying 2D images may not
contain all of the information for the object being scanned.
For example, a 2D image of a particular object on a table
may be taken from several different angles to develop a
3D model of the object. The 2D images, however, may
contain the table as part of the image and/or may not
contain a full view of the table, because the images may
be focused on the object. This can be problematic, since
portions of the object connected to the table as well as
the table itself were not scanned and, thus, cannot be
reconstructed without approximation.
[0030] Moreover, methods, systems, and computer
program products to construct a 3D representation of an
object may include, as described herein, generation of a
mesh representation approximating the surface of the
object. Because portions of the object are obscured by
contact with other objects, the generated mesh repre-
sentation may not be fully updated, or may include the
other objects (e.g., table, floor, base, etc.) that are not
desired. This can lead to large 3D mesh representations
in which portions of the 3D mesh representation contain
little or no actual information of the object being scanned.
This can result in bulky models which can be difficult to
process. In addition, the processing and storage of these
models may lead to a waste of computing resources and
efficiency, as portions of the model are processed which,
ultimately, have little or no bearing on the object being
reconstructed. The present inventive concepts, as de-
scribed herein, provide methods, systems, and computer
program products which can improve the generation of
3D models by automatically truncating portions of the
generated 3D mesh representation which contain un-
used portions.
[0031] Various embodiments described herein may
arise from the recognition that reduction of the unused
portions of the generated 3D mesh representation can
improve the quality of the generated mesh representation
of the object and/or reduce the time to generate the mesh
representation. By identifying, and removing, unused
portions of the mesh representation, the overall process-
ing may be streamlined. Moreover, the removal of the
unused portions of the mesh representation can reduce
the size of the overall model, which may reduce the
number of elements in the mesh representation that need
to be further processed and may provide for reduced stor-
age and processing capacity for manipulating the mesh
representation.
[0032] The 2D images used in the methods, systems,
and computer program products described herein may
be captured with image sensors. Image sensors may be

collocated with or integrated with a camera. The terms
"image sensor," and "camera" will be used herein inter-
changeably. The camera may be implemented with inte-
grated hardware and/or software as part of an electronic
device, or as a separate device. Types of cameras may
include mobile phone cameras, security cameras, wide-
angle cameras, narrow-angle cameras, stereoscopic
cameras and/or monoscopic cameras.
[0033] Generating a 3D mesh of a physical object may
involve the use of a physical camera to capture multiple
images of the physical object. For instance the camera
may be rotated around the physical object being
scanned. Based on the generated images, a mesh rep-
resentation of the physical object may be generated. The
mesh representation may be used in many different en-
vironments. For example, the model of the physical ob-
ject represented by the mesh representation may be
used for augmented reality environments, 3D printing,
entertainment and the like.
[0034] As described herein, generating the 3D mesh
may be improved by truncated portions of the mesh which
are less useful. As will be described more fully herein, a
3D mesh representation of an object may be initialized
to a generic shape (e.g., a sphere) that is subsequently
refined based on repeatedly analyzing images of the ob-
ject from different angles. The images of the object may
be analyzed to detect points on the surface of the object,
which may then be mapped to the surface of the 3D mesh
representation by moving and/or adjusting the 3D mesh
representation to more accurately model the object. As
described herein, it may be possible to track and identify
the portions of the mesh representation that have been
adjusted. Subsequently, it may be possible to identify a
border between the portions of the mesh representation
that have been modified and those portions of the mesh
representation have not been modified. The identified
border may indicate a location at which portions of the
mesh representation may be removed to truncate the
mesh representation. In this way, portions of the mesh
representation that have not been modified, and may not
be part of the 3D model of the object, may be removed.
[0035] FIGs. 3A-3F are flowcharts for generating and
processing a 3D mesh from a series of 2D images, ac-
cording to various embodiments described herein. FIG.
3a illustrates a flowchart for the generation of a 3D mesh
representation of an object, according to various embod-
iments described herein.
[0036] Referring now to FIG. 3A, methods, systems,
and computer program products for the generation of a
3D mesh representation of an object may include block
1000 to generate a first mesh representation of an object.
In block 1300, the first mesh representation generated
in block 1000 may be adjusted to create a second, trun-
cated, mesh representation of the object by removing,
from the first mesh representation, at least one polygon
whose vertices have precision values that have not been
modified from an initial precision value. The method may
continue at block 1400 to store the second mesh repre-

7 8 



EP 3 676 808 B9

6

5

10

15

20

25

30

35

40

45

50

55

sentation and, optionally, display the second mesh rep-
resentation (e.g., in an augmented reality environment,
or associated with a 3D printer) at block 1500. In some
embodiments, the methods, systems, and computer pro-
gram products may be performed by a processor of an
electronic device, which may include multiprocessor
electronic devices, virtual electronic devices, and/or dis-
tributed computing systems, such as those utilized in a
cloud infrastructure. Details of the operations illustrated
in FIG. 3A will be described further herein.
[0037] FIG. 3B illustrates a flowchart for generating the
first mesh representation (block 1000), according to var-
ious embodiments described here. Referring to FIG. 3B,
generating the first mesh representation may include the
generation of an initial mesh representation of the object
(block 1010).
[0038] The initial mesh representation may be a ge-
neric mesh representation that will be further refined re-
sponsive to subsequent scanning and analysis of the ob-
ject. FIG. 3C illustrates a flowchart for generating the
initial mesh representation (block 1010). Referring to
FIG. 3C, in block 1012, the initial mesh representation
may be generated to be composed of a plurality of poly-
gons. For example, as illustrated in FIG. 4, the initial mesh
representation 400 may be symmetrical sphere com-
posed of a plurality of polygons 300, but the present in-
ventive concepts are not limited thereto. In some embod-
iments, the polygons of the plurality of polygons 300 are
triangles. The polygons 300 may include respective ver-
tices 320 and edges 330. The polygons 300 of the mesh
representation 400 may be interconnected such that re-
spective ones of the polygons 300 share vertices 320
and/or edges 330 with other ones of the polygons 300.
In some embodiments, the mesh representation 400 may
be "watertight." As used herein, a watertight mesh rep-
resentation 400 refers to a mesh representation 400 in
which the interconnected polygons 300 form a contigu-
ous surface across the entire mesh representation 400
such that there are no, or few, gaps or discontinuities in
the mesh representation 400. Though the figures herein
illustrate watertight mesh representations 400, it will be
understood that mesh representations 400 that are not
watertight may be adjusted, as described herein, without
deviating from the scope of the present inventive con-
cepts. The mesh representation 400 may be iteratively
modified, as discussed further herein, to depict some or
all of a surface of the object being reconstructed in 3D.
[0039] Referring again to FIG. 3C, in block 1014, re-
spective vertices 320 of the initial mesh representation
400 may be initialized with a precision value. The preci-
sion value may be a data value that is associated with,
and maintained for, respective ones of the vertices 320.
The precision value may indicate a precision of a location
of the respective vertex 320 in the mesh representation
400 related to the depicted surface of the object being
scanned. During the process of the 3D model of the object
135, the mesh representation 400 may be modified from
its initial state to a mesh representation 400 that more

closely models the object 135. As the vertices 320 of the
polygons 300 of the mesh representation 400 are mod-
ified to model the object 135, the precision value of the
vertex 320 may be modified (e.g. reduced) to reflect that
the vertex 320 has become more precisely aligned to the
"ideal" representation of the object 135. That is to say
that as the mesh representation approaches an ideal ex-
act replica of the object, the precision value may de-
crease towards a value of zero. In some embodiments,
the precision value may indicate a radius of a sphere
between the respective vertex 320 of the mesh repre-
sentation 400 and the final true destination of the vertex
320 in an ideal representation of the object. In other em-
bodiments (that are not part of the invention), the preci-
sion value may be a binary representation that indicates
whether the vertex 320 has been adjusted from the initial
mesh representation 400. In FIG. 4, the initial precision
value is indicated by illustrating that the precision value
PV of the vertices 320 is P0. In some embodiments, the
initial P0 value may be 1.
[0040] In some embodiments, a polygon 300 may be
associated with the precision value of each vertex 320
of the polygon 300. In other embodiments, the precision
value may be maintained at the polygon 300, such that
the precision value for the polygon 300 is adjusted if any
vertex 320 of the polygon 300 is adjusted. Thus, though
the description herein discusses operations related to
the precision values of vertices 320, it will be understood
that the same or similar operations may be performed
with respect to polygons 300 without deviating from the
embodiments described herein.
[0041] Referring again to FIG. 3B, the operations may
continue with block 1020 to scan incremental images of
the object and update the mesh representation 400 of
the object based on the incremental images. The incre-
mental images may include one or more 2D images of
the object. If the scanning is not complete, as determined
at block 1030, the operations may repeat block 1020 to
incrementally scan images of the object and further refine
the mesh representation 400.
[0042] FIG. 3D illustrates a flowchart for repeatedly
scanning images of an object and processing the images
to update the mesh representation 400 (block 1020) ac-
cording to various embodiments described herein. Re-
ferring to FIG. 3D, the operations may include block 1022
of receiving one or more 2D images of the object. These
images may be received from an image sensor or camera
or may be received as images stored in an appropriate
data format. In block 1024, the one or more images may
be processed to identify a plurality of points in the one or
more images that correspond to a surface of the object.
In block 1026, the operations may associate the plurality
of points with a first set of the plurality of polygons 300
of the mesh representation 400. As part of the process-
ing, in block 1028, the precision value associated with
vertices 320 of the first set of the plurality of polygons
300 may be modified.
[0043] For example, as illustrated in FIG. 1, a user 110
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may have a camera 100 with which they initiate a pho-
tographic session of the object 135, such as a person’s
face or other object, at location 120a. The user 110 may
physically move around the object 135 to various loca-
tions such as from location 120a to location 120b, or the
object 135 may be moved in relation to the camera 100.
One or more images of the object 135 may be captured
at each location. For example, image 130a may be cap-
tured when the camera 100 is at location 120a and image
130b may be captured when camera 100 moves to loca-
tion 120b. Each of the captured images may be 2D im-
ages. There may be a continuous flow of images from
the camera 100 as the user 110 walks around the object
135 that is being scanned to capture images at various
angles. Once the images, such as images 130a and 130b
are captured, the images may be processed by a proc-
essor in camera 100 or a processor external to the cam-
era 100 to generate a 3D image. In some embodiments,
a baseline initialization of the 3D image may occur once
the first two images are captured. The quality of the base-
line initialization is evaluated to see if a satisfactory base-
line initialization has occurred. Otherwise, further
processing of additional images may take place.
[0044] In some embodiments, the baseline initializa-
tion may indicate the object 135 to be scanned, as well
as overall rough dimensions of the object 135. The initial
mesh representation 400 may be formed to enclose the
dimensions of the object 135, and further images may
be repeatedly processed to refine the mesh representa-
tion 400 of the object 135.
[0045] The images may be processed by identifying
points on the object 135 that were captured the first image
130a, the second image 130b, and/or subsequent imag-
es. The points may be various edges, corners, or other
points on the object 135. The points are recognizable
locations on the physical object 135 that may be tracked
in various images of the physical object 135. Still referring
to FIG. 1, points on the object 135 may include points
140 through 144. When the user 110 moves the camera
100 to a different location 120b, another image 130b is
captured. This same process of capturing images and
identifying points may occur on the order of tens, hun-
dreds, or thousands of times in the context of creating a
3D image. The same points 140 through 144 may be
identified in the second image 130b. The spatial coordi-
nates, for example, the X, Y, and/or Z coordinates, of the
points 140 through 144 may be estimated using various
statistical techniques.
[0046] FIG. 2A illustrates the generation of a point
cloud 100 and mesh representation 400 based on a 2D
image, according to various embodiments described
herein. As illustrated in FIG. 2A, analysis of each image
(e.g., images 130a and 130b) may result in the identifi-
cation of points 140 through 144, which may collectively
be referred to as point cloud 200, which is a plurality of
points 200 identified from respective images of the object
135. From these identified plurality of points 200, meth-
ods, systems, and computer program products according

to the present inventive concepts update characteristics
of the mesh representation 400 of the object 135 in block
1020. As described herein, the mesh representation 400
may be composed of a plurality of polygons 300 including
edges 330 and vertices 320.
[0047] Respective vertices 320 of the mesh represen-
tation 400 may be associated with the surface of the ob-
ject 135 being scanned and tracked. The points 200 may
represent contours and/or other features of the surface
of the object 135. Operations for generating a mesh rep-
resentation 400 of the object 135 may attempt to map
the plurality of points 200 extracted from a 2D image of
the object 135 onto the polygons 300 of the mesh repre-
sentation 400. It will be recognized that the mesh repre-
sentation 400 is incrementally improved based on sub-
sequent images, as the subsequent images provide ad-
ditional points 200 which may be mapped to the plurality
of polygons 300 of the mesh representation 400.
[0048] Refining the mesh representation 400 given a
point cloud 200 may involve mathematically projecting
the 3D location of the plurality of points 200 inferred from
an image into and/or onto the mesh representation 400.
For each point of the plurality of points 200, an analysis
may be performed to determine whether the point lays
on the mesh representation 400, or whether the point is
off (e.g., above/below/beside in a 3D space) the mesh
representation 400. If the point is on the mesh represen-
tation 400, the point may be associated with a polygon
of the polygons 300 of the mesh representation 400 that
contains the point. If the point is off the mesh represen-
tation 400, it may indicate the mesh representation 400
needs to be adjusted. For example, the new point of the
plurality of points 200 may indicate that the arrangement
of the polygons 300 of the current mesh representation
400 is inaccurate and needs to be adjusted.
[0049] In some embodiments, to adjust the mesh rep-
resentation 400, a vertex 320 of one of the polygons 300
of the mesh representation 400 may be moved to a lo-
cation in 3D space corresponding to the point of the point
cloud 200 being analyzed, but the present inventive con-
cepts are not limited thereto. In some embodiments, to
adjust the mesh representation 400, the polygons 300 of
the mesh representation 400 may be reconfigured and/or
new polygons 300 added so as to include a location in
3D space corresponding to the point of the point cloud
200 being analyzed in the surface of the mesh represen-
tation 400. In some embodiments, the adjustment of the
mesh representation 400 may be weighted so that the
mesh representation 400 moves toward, but not entirely
to, the location in 3D space corresponding to the point
of the point cloud 200 being analyzed. In this way, the
mesh representation 400 may gradually move towards
the points of a point cloud 200 as multiple images are
scanned and multiple point clouds 200 are analyzed.
[0050] FIG. 2B illustrates a 2D representation of a por-
tion of a mesh representation 400 including polygons 300
and points 200a, 200b of a point cloud 200, according to
embodiments as described herein. For example, as illus-
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trated in FIG. 2B, projecting a first point 200a of the point
cloud 200 onto the mesh representation may include
forming a ray PRa from the origin (e.g., the camera 100)
to the point 200a. Recall that both the points of the point
cloud 200 and the mesh representation 400 may include
3D depth information (e.g., X, Y, and/or Z coordinates).
Thus, an individual point 200a of the point cloud 200 can
be spatially located with respect to the mesh represen-
tation 400. The formed ray PRa may indicate an inter-
section point in a polygon 300 of the mesh representation
400. FIG. 2B illustrates similar operations performed for
a second point 200b of the point cloud 200. In some em-
bodiments, the intersection of rays to the points (e.g.,
points 200a, 200b) of the point cloud 200 with polygons
300 of the mesh representation 400 indicate which por-
tions and/or locations of the mesh representation 400
need to be adjusted to further refine the 3D image of the
object 135.
[0051] A point (e.g., points 200a, 200b) of the point
cloud 200 that is projected into/onto a polygon 300 of the
mesh representation 400 may be mapped to and/or as-
sociated with that polygon 300 in block 1026. Mapping
the point of the point cloud 200 to a particular polygon
300 may also result in that point being mapped to and/or
associated with each vertex 320 and edge 330 of that
mapped polygon 300. In some embodiments, the map-
ping of the point may be one-to-many, since a point that
is projected into/onto a polygon 300 of the mesh repre-
sentation 400 may be associated with the polygon 300,
each of its edges 330, and each of its vertices 320.
[0052] As the points of the point cloud 200 are mapped
to and/or associated with the vertices 320 of the polygons
300, the respective precision values associated with the
vertices 320 may also be adjusted in block 1028. That is
to say that as the plurality of points 200 are mapped to
specific vertices 320 of the polygons 300, the precision
value of the vertex 320 may be modified (e.g. reduced)
to reflect that the vertex 320 has become more precisely
aligned to the "ideal" representation of the object 135. In
this way, the precision value for a particular vertex 320
may be based on the 3D spatial coordinates (e.g., X, Y,
Z coordinates) of the points 200 that are mapped to the
vertex 320. As the process continually refines the mesh
representation 400 by processing and adjusting the ver-
tices 320 of the polygons 300, the precision values of
those vertices 320 which have been mapped to scanned
points 200 on the object 135 will be adjusted. In some
embodiments, as the vertices 320 of the mesh represen-
tation 400 are refined to more closely approximate the
surface of the object 135 being scanned, the precision
value of the vertices 320 may be decreased. In some
embodiments, as the vertices 320 move closer to their
final location in the mesh representation 400, the preci-
sion value may decrease towards zero.
[0053] In some embodiments, a location of a point of
the point cloud 200 may be incongruous with the mesh
representation 400. That is to say that a determined lo-
cation of the point of the point cloud 200 is greater than

a predetermined distance from the inferred location of a
surface of the mesh representation 400. Such a point
may be discarded from processing. For example, the
point may be an outlier, a digital artifact, or, as described
herein, a background point which may not be included in
the formulation of the surface of the mesh representation
400. By ignoring certain points in processing, undesired
alteration of the mesh representation responsive to out-
lier and/or background points is reduced and/or eliminat-
ed.
[0054] As described further herein, respective points
of the point cloud 200 may be associated with and/or
mapped to polygons 300 of the mesh representation 400.
For example, respective points of the point cloud 200
may be associated with polygons 300 at existing loca-
tions of the mesh representation 400 or polygons 300 at
adjusted locations of the mesh representation 400. The
precision values of the respective vertices 320 of those
polygons 300 associated with the point cloud 200 may
be adjusted from their initial value.
[0055] As illustrated in FIG. 3B, embodiments de-
scribed herein (block 1020) may be repeated for multiple
scans of object 135, repeatedly and continuously updat-
ing and refining the mesh representation 400 of the object
135. Similarly, as vertices 320 of the polygons 300 of the
mesh representation 400 are mapped and adjusted, the
precision values of those vertices 320 may also be ad-
justed.
[0056] For example, FIG. 5 illustrates a mesh repre-
sentation 400 which has been refined from an initial mesh
representation 400 illustrated in FIG. 4. As illustrated in
FIG. 5, vertices 320’ of the mesh representation 400 have
been adjusted from their original locations responsive to
scanned images of an object 135. The adjustment of the
mesh representation 400 has resulted in the position and
quantity of the vertices 320’ changing (e.g., block 1020
of FIG. 3B). In addition, as the vertices 320’ have
changed, the precision values of the vertices 320’ have
also changed (e.g., block 1028 of FIG. 3D). This is illus-
trated in FIG. 5 by illustrating that the precision value PV
associated with the vertices 320’ that have been adjusted
has been changed to P1. As also illustrated in FIG. 5,
the processing of the images may result in some of the
vertices 320 not being changed from their initial value.
For example, FIG. 5 illustrates an example where the
bottom half of the mesh representation 400 retains the
original shape and configuration of the initial mesh rep-
resentation 400 illustrated in FIG. 4. These vertices 320
may not have been adjusted because they were not
mapped to points of the point cloud 200 during the scan-
ning of the object 135. In some embodiments, this may
indicate that the scanning system did not receive images
which illustrated those portions of the object. Because
these vertices 320 of the mesh representation 400 have
not been modified, they retain the original precision val-
ue. For example, as illustrated in FIG. 5, the precision
value PV for the unmodified vertices 320 may remain at
the initial precision value P0. Thus, after processing, the
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mesh representation 400 may include vertices 320’
whose precision values have changed from the initial pre-
cision value, and vertices 320 whose precision values
have not changed from the initial precision value.
[0057] Referring again to FIG. 3A, once the scanning
and generating of the first mesh representation 400 is
complete, the operation may continue with block 1300 to
create a second, truncated, mesh representation 400’ by
removing from the first mesh representation 400 poly-
gons 300 whose vertices 320 have precision values that
have not been modified from an initial precision value.
[0058] FIG. 3E illustrates a flowchart for removing por-
tions of the mesh representation 400 according to various
embodiments described herein. As illustrated in FIG. 3E,
creating the truncated mesh representation 400’ may in-
clude operation 1310 to identify a border 425 in the mesh
representation 400 between the vertices 320 whose pre-
cision values have not been modified from the initial pre-
cision value and vertices 320’ whose precision values
have been modified from the initial precision value. FIG.
6 illustrates a border in a mesh representation between
modified and unmodified portions of the mesh represen-
tation of FIG. 5, according to various embodiments de-
scribed herein. As illustrated in FIG. 6, a border 425 may
delineate an approximate line in the mesh representation
400 between those polygons 300 that contain vertices
320’ that have been adjusted during processing and
those vertices 320 which have not been adjusted during
processing.
[0059] As noted previously, the polygons 300 may in-
clude vertices 320 connected by edges 330. Generating
the border 425 may include examining edges 330 of the
polygons 300 of the mesh representation 400. Each re-
spective edge 330 of the polygons 300 may connect two
different vertices (e.g., vertices 320 or 320’) of the poly-
gon 300. The edges 330 of the polygon 300 may be an-
alyzed to determine those edges 330 that connect one
vertex 320’ whose precision value has been changed
from the initial precision value to one vertex 320 whose
precision value has not changed from the initial precision
value. These edges 330 may be denoted as border edges
430. Stated another way, a border edge 430 has one end
that is a vertex 320 whose precision value has not
changed from the initial precision value and one end that
is a vertex 320’ whose precision values has been
changed from the initial precision value. Border 425 may
be formed by identifying a contiguously connected se-
quence of border edges 430 within the mesh represen-
tation 400 in which the last border edge 430 in the se-
quence connects to the first border edge 430 in the se-
quence. In some embodiments, the sequence of border
edges 420 may from a circuitous path around a periphery
of the mesh representation 400. Multiple contiguously
connected sequences of border edges 430 may be pos-
sible. In some embodiments, the border 425 may be se-
lected as the longest contiguously connected sequence
of border edges 430 in which the last border edge 430
in the sequence connects to the first border edge 430 in

the sequence, though the present inventive concepts are
not limited thereto. It will be recognized that the border
425 may not be a straight line.
[0060] Referring to FIG. 3E, once a border 425 has
been identified, operations may continue with block 1320
to establish a 3D plane 440 through the mesh represen-
tation 400 based on the location of the border 425. Op-
erations to form the 3D plane 440 may include establish-
ing a plane that fits and, in some embodiments, best fits,
the three dimensional arrangement of the vertices 320,
320’ on the border 425. FIG. 7 illustrates the formation
of the 3D plane 440 through the vertices 320, 320’ on the
border 425. As illustrated in FIG. 7, establishing the lo-
cation of the 3D plane 440 may define a plane intersecting
the border 425.
[0061] In some embodiments, matching a 3D plane
440 to the vertices 320, 320’ on the border 425 may in-
clude a statistical operation, such as random sample con-
sensus (RANSAC) calculation that is performed on the
vertices 320, 320’ on the border 425. RANSAC is an it-
erative technique to estimate parameters of a mathemat-
ical model from a set of observed data containing outliers,
where the model attempts to give little to no weight to the
outliers on the estimated parameters. The RANSAC cal-
culation may determine the 3D plane 440 that best fits
the 3D coordinates of the sample set of vertices 320, 320’
on the border 425. FIG. 8 illustrates the creation of best
fit 3D plane 440 through a series of vertices 320, 320’
that make up the border 425.
[0062] In some embodiments, block 1320 to determine
the location of the 3D plane 440 may incorporate a series
of distance calculations based on a randomly-selected
subset of the vertices 320, 320’ on the border 425. FIG.
3F is a flowchart for calculating the 3D plane 440 of block
1320. As illustrated in FIG. 3F, calculating the 3D plane
440 may include block 1321 to randomly select at least
three vertices 320, 320’ from those vertices 320, 320’ on
the border 425. As noted previously, the border 425 may
be composed of contiguous border edges 430, each of
which connects one vertex 320 whose precision values
has not been modified from the initial precision value and
one vertex 320’ whose precision value has been modified
from the initial precision value. Thus, the border 425 may
include both vertices 320 and 320’.
[0063] After selecting the at least three random verti-
ces 320, 320’, the operation may continue with block
1323 to construct a temporary plane 440’ through the at
least three vertices 320, 320’. Once the temporary plane
440’ has been established, the operation may continue
at block 1325 to calculate a cumulative distance from all
of the vertices 320, 320’ of the border 425 to the tempo-
rary plane 440’. The cumulative distance may be the sum
of all the individual distances of each of the vertices 320,
320’ of the border 425 to the temporary plane 440’. FIG.
9 illustrates an example formulation of the temporary
plane 440’. As illustrated in FIG. 9, each of the vertices
320, 320’ of the border 425 will be located a particular
distance D from the temporary plane 440’. Once the cu-
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mulative distance is calculated, the selection of at least
three vertices 320, 320’, the construction of a temporary
plane 440’, and the calculation of the cumulative distance
of the vertices 320, 320’ of the border 425 from the tem-
porary plane 440’ may be repeated for a predetermined
number of iterations (block 1327) to establish set of cal-
culated cumulative distances for the predetermined
number of temporary planes 440’. Once the predeter-
mined number of iterations is completed, the final 3D
plane 440 may be designated as that temporary plane
440’ which had the lowest calculated cumulative distance
of each of the temporary planes analyzed (block 1329).
[0064] Though the RANSAC method and comparative
calculation of a predetermined number of sample planes
have been described, the present inventive concepts are
not limited thereto. It will be understood by those of skill
in the art that multiple techniques are possible to map a
bestfit 3D plane to a selected series of 3D points. Thus,
the scope of the present inventive concepts encompass
multiple techniques for forming a 3D plane 440 through
the vertices 320, 320’ of the border 425.
[0065] Referring again to FIG. 3E, after establishing
the 3D plane 440, forming the truncated mesh 400’ may
continue with block 1330 by removing portions of the
mesh representation 400 on a side of the three-dimen-
sional plane 440. The 3D plane 440 may represent a
plane intersecting the mesh representation 400 through
a border 425 between polygons 300 of the mesh repre-
sentation 400 that have been adjusted during processing
and polygons 300 that have not been adjusted during
processing. Forming the truncated mesh representation
400 may include removing a portion of those polygons
300 that have not been adjusted during processing.
[0066] The 3D plane 440 will intersect the mesh rep-
resentation 400 and divide the mesh representation 400
into two sections. One of the two sections on either side
of the 3D plane 440 may be selected for removal. In some
embodiments, the section will be selected based on
which section of the mesh representation 400 contains
the largest number of vertices 320 whose precision val-
ues have not been modified from the initial precision val-
ue. In some embodiments, the section will be selected
based on which section has the smallest volume.
[0067] In some embodiments the selected section may
be further reduced by translating the 3D plane 440 in a
direction perpendicular to the surface of the 3D plane
440 (e.g., a normal direction to the 3D plane 440). FIG.
10 illustrates an example of such a translation of a first
position of the best fit 3D plane 440 in a normal direction
to a second position for the translated 3D plane 440’,
according to various embodiments described herein.
This translation may establish the translated 3D plane
440’away from the border 425. As described herein, the
3D plane 440 will provide a boundary for polygons 300
of the mesh representation 400 to be removed. By es-
tablishing the translated 3D plane 440’, the boundary for
removal of the polygons 300 may move, which can pro-
vide an increased buffer within the formation of the trun-

cated mesh representation 400’ described further herein.
The distance of translation may vary based on the object
135 being scanned, and may, in some embodiments, be
varied based on a preferred aggressiveness for removal
of the polygons 300 of the mesh representation 400. The
translation illustrated in FIG. 10 is optional, and in some
embodiments the 3D plane 440 may not be translated
prior to removal.
[0068] Once the section is selected, polygons 300 with-
in the selected section of the mesh representation 400
may be removed from the mesh representation 400 to
form the truncated mesh representation 400’. In some
embodiments, only those polygons 300 which are within
the section to be removed and contain only vertices 320
whose precision values have not been modified from the
initial precision value will be removed. In some embodi-
ments, only those polygons 300 which are completely
enclosed within the selected section (i.e., contain no edg-
es 330 or vertices 320, 320’ which intersect the 3D plane
440 and/or the border 425) will be removed. In some
embodiments, any polygons 300 with a portion within the
selected section (i.e., any edge 330 or vertex 320, 320’
is within the selected section) will be removed. Once the
identified polygons 300 are removed from the mesh rep-
resentation 400, the remaining polygons 300 may be ad-
justed to reconnect the remaining polygons 300 to form
the truncated mesh representation 400’. In some embod-
iments, only those polygons 300 that are at least a pre-
determined distance away from the 3D plane 440 in a
line normal to the 3D plane 440. By removing only those
polygons 300 that the predetermined distance from the
3D plane 440 in a line normal to the 3D plane 440, a
buffer similar to that described with respect to FIG. 10
may be created in the truncated mesh representation
400’.
[0069] As mentioned herein, a mesh representation
400, 400’ may be watertight, meaning that each polygon
300 of the mesh representation 400, 400’ may be con-
nected to another polygon 300 so as to create a contig-
uous, seamless surface. When creating the truncated
mesh representation 400’, the watertight feature of the
truncated mesh representation 400’ may be maintained.
That is to say that the removal of the polygons 300 may
be done so that any remaining polygons 300 of the trun-
cated mesh representation 400’ are reconnected to other
polygons 300.
[0070] FIG. 11 illustrates a truncated mesh represen-
tation 400’ of an object 135, according to embodiments
described herein. As illustrated in FIG. 11, truncation of
the mesh representation 400 to create the truncated
mesh representation 400’ reduces the overall size and/or
volume of the mesh representation 400. The reduction
allows for reduced processing time, reduced storage, and
greater overall efficiency in processing the 3D represen-
tation of the object. In some embodiments, a depth of the
base, or socle, of the truncated mesh representation 400’
may be adjusted by adjusting the translation of the 3D
plane 440’ as discussed herein with respect to FIG. 10.
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[0071] Referring back to FIG. 3A, once the mesh rep-
resentation 400 has been adjusted to create the truncat-
ed mesh representation 400’, the truncated mesh repre-
sentation 400’may be stored in block 1400, such as in
the memory or storage of an electronic device 700 (see
FIG. 1). The truncated mesh representation 400’ may
also be used in further processing of the object 135.
[0072] In some embodiments, the truncated mesh rep-
resentation 400’ may be displayed on a graphical display
and/or output of the electronic device 700 (see FIG. 12)
in block 1500. Similarly, during processing of the 3D rep-
resentation of the object 135, intermediate mesh repre-
sentations 400 may be displayed on the graphical display
and/or output of the electronic device 700 (see FIG. 12),
though the present inventive concepts are not limited
thereto. In some embodiments, the truncated mesh rep-
resentation 400’ may be stored for display on another
electronic device. For example, the truncated mesh rep-
resentation 400’ may be used as part of a 3D, augment-
ed-reality, and/or immersive environment. In some em-
bodiments, the truncated mesh representation 400’ may
be used to generate a 3D print file. The 3D print file may
be used by a 3D printer to print a physical copy of the
truncated mesh representation 400’.
[0073] FIG. 12 is a block diagram of an electronic de-
vice 700 capable of implementing the inventive concepts,
according to various embodiments described herein. The
electronic device 700 may use hardware, software im-
plemented with hardware, firmware, tangible computer-
readable storage media having instructions stored ther-
eon and/or a combination thereof, and may be imple-
mented in one or more computer systems or other
processing systems. The electronic device 700 may also
utilize a virtual instance of a computer. As such, the de-
vices and methods described herein may be embodied
in any combination of hardware and software. In some
embodiments, the electronic device 700 may be part of
an imaging system. In some embodiments, the electronic
device 700 may be in communication with the camera
100 illustrated in FIG. 1.
[0074] As shown in FIG. 12, the electronic device 700
may include one or more processors 710 and memory
720 coupled to an interconnect 730. The interconnect
730 may be an abstraction that represents any one or
more separate physical buses, point to point connec-
tions, or both connected by appropriate bridges, adapt-
ers, or controllers. The interconnect 730, therefore, may
include, for example, a system bus, a Peripheral Com-
ponent Interconnect (PCI) bus or PCI-Express bus, a
HyperTransport or industry standard architecture (ISA)
bus, a small computer system interface (SCSI) bus, a
universal serial bus (USB), IIC (I2C) bus, or an Institute
of Electrical and Electronics Engineers (IEEE) standard
1394 bus, also called "Firewire."
[0075] The processor(s) 710 may be, or may include,
one or more programmable general purpose or special-
purpose microprocessors, digital signal processors
(DSPs), programmable controllers, application specific

integrated circuits (ASICs), programmable logic devices
(PLDs), field-programmable gate arrays (FPGAs), trust-
ed platform modules (TPMs), or a combination of such
or similar devices, which may be collocated or distributed
across one or more data networks. The processor(s) 710
may be configured to execute computer program instruc-
tions from the memory 720 to perform some or all of the
operations for one or more of the embodiments disclosed
herein.
[0076] The electronic device 700 may also include one
or more communication adapters 740 that may commu-
nicate with other communication devices and/or one or
more networks, including any conventional, public and/or
private, real and/or virtual, wired and/or wireless network,
including the Internet. The communication adapters 740
may include a communication interface and may be used
to transfer information in the form of signals between the
electronic device 700 and another computer system or
a network (e.g., the Internet). The communication adapt-
ers 740 may include a modem, a network interface (such
as an Ethernet card), a wireless interface, a radio inter-
face, a communications port, a PCMCIA slot and card,
or the like. These components may be conventional com-
ponents, such as those used in many conventional com-
puting devices, and their functionality, with respect to
conventional operations, is generally known to those
skilled in the art. In some embodiments, the communi-
cation adapters 740 may be used to transmit and/or re-
ceive data associated with the embodiments for creating
the mesh generation described herein.
[0077] The electronic device 700 may further include
memory 720 which may contain program code 770 con-
figured to execute operations associated with the em-
bodiments described herein. The memory 720 may in-
clude removable and/or fixed non-volatile memory de-
vices (such as but not limited to a hard disk drive, flash
memory, and/or like devices that may store computer
program instructions and data on computer-readable
media), volatile memory devices (such as but not limited
to random access memory), as well as virtual storage
(such as but not limited to a RAM disk). The memory 720
may also include systems and/or devices used for stor-
age of the electronic device 700.
[0078] The electronic device 700 may also include one
or more input device(s) such as, but not limited to, a
mouse, keyboard, camera (e.g., camera 100 of FIG. 1),
and/or a microphone connected to an input/output circuit
780. The input device(s) may be accessible to the one
or more processors 710 via the system interface 730 and
may be operated by the program code 770 resident in
the memory 720
[0079] The electronic device 700 may also include a
display 790 capable of generating a display image,
graphical user interface, and/or visual alert. The display
790 may be accessible to the processor 710 via the sys-
tem interface 730. The display 790 may provide graphical
user interfaces for receiving input, displaying intermedi-
ate operations/data, and/or exporting output of the em-
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bodiments described herein.
[0080] The electronic device 700 may also include a
storage repository 750. The storage repository 750 may
be accessible to the processor(s) 710 via the system in-
terface 730 and may additionally store information asso-
ciated with the electronic device 700. For example, in
some embodiments, the storage repository 750 may con-
tain mesh representations, object data and/or point cloud
data as described herein. Though illustrated as separate
elements, it will be understood that the storage repository
750 and the memory 720 may be collocated. That is to
say that the memory 720 may be formed from part of the
storage repository 750.
[0081] In the above-description of various embodi-
ments, it is to be understood that the terminology used
herein is for the purpose of describing particular embod-
iments only and is not intended to be limiting of the em-
bodiments as described herein. Unless otherwise de-
fined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly un-
derstood by one of ordinary skill in the art to which this
disclosure belongs. It will be further understood that
terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of this spec-
ification and the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.
[0082] Like numbers refer to like elements throughout.
Thus, the same or similar numbers may be described
with reference to other drawings even if they are neither
mentioned nor described in the corresponding drawing.
Also, elements that are not denoted by reference num-
bers may be described with reference to other drawings.
[0083] When an element is referred to as being "con-
nected," "coupled," "responsive," or variants thereof to
another element, it can be directly connected, coupled,
or responsive to the other element or intervening ele-
ments may be present. In contrast, when an element is
referred to as being "directly connected," "directly cou-
pled," "directly responsive," or variants thereof to another
element, there are no intervening elements present. Like
numbers refer to like elements throughout. Furthermore,
"coupled," "connected," "responsive," or variants thereof
as used herein may include wirelessly coupled, connect-
ed, or responsive. As used herein, the singular forms "a,"
"an," and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise.
Well-known functions or constructions may not be de-
scribed in detail for brevity and/or clarity. The term
"and/or" includes any and all combinations of one or more
of the associated listed items.
[0084] As used herein, the terms "comprise," "compris-
ing," "comprises," "include," "including," "includes,"
"have," "has," "having," or variants thereof are open-end-
ed, and include one or more stated features, integers,
elements, steps, components or functions but does not
preclude the presence or addition of one or more other

features, integers, elements, steps, components, func-
tions or groups thereof.
[0085] Example embodiments are described herein
with reference to block diagrams and/or flowchart illus-
trations of computer-implemented methods, apparatus
(systems and/or devices) and/or computer program
products. It is understood that a block of the block dia-
grams and/or flowchart illustrations, and combinations of
blocks in the block diagrams and/or flowchart illustra-
tions, can be implemented by computer program instruc-
tions that are performed by one or more computer cir-
cuits. These computer program instructions may be pro-
vided to a processor circuit of a general purpose compu-
ter circuit, special purpose computer circuit, and/or other
programmable data processing circuit to produce a ma-
chine, such that the instructions, which execute via the
processor of the computer and/or other programmable
data processing apparatus, transform and control tran-
sistors, values stored in memory locations, and other
hardware components within such circuitry to implement
the functions/acts specified in the block diagrams and/or
flowchart block or blocks, and thereby create means
(functionality) and/or structure for implementing the func-
tions/acts specified in the block diagrams and/or flow-
chart block(s).
[0086] These computer program instructions may also
be stored in a tangible computer-readable medium that
can direct a computer or other programmable data
processing apparatus to function in a particular manner,
such that the instructions stored in the computer-reada-
ble medium produce an article of manufacture including
instructions which implement the functions/acts specified
in the block diagrams and/or flowchart block or blocks.
[0087] A tangible, non-transitory computer-readable
medium may include an electronic, magnetic, optical,
electromagnetic, or semiconductor data storage system,
apparatus, or device. More specific examples of the com-
puter-readable medium would include the following: a
portable computer diskette, a random access memory
(RAM) circuit, a read-only memory (ROM) circuit, an
erasable programmable read-only memory (EPROM or
Flash memory) circuit, a portable compact disc read-only
memory (CD-ROM), and a portable digital video disc
read-only memory (DVD/BlueRay).
[0088] The computer program instructions may also
be loaded onto a computer and/or other programmable
data processing apparatus to cause a series of opera-
tional steps to be performed on the computer and/or other
programmable apparatus to produce a computer-imple-
mented process such that the instructions which execute
on the computer or other programmable apparatus pro-
vide steps for implementing the functions/acts specified
in the block diagrams and/or flowchart block or blocks.
Accordingly, embodiments of the present disclosure may
be embodied in hardware and/or in software (including
firmware, resident software, microcode, etc.) that runs
on a processor such as a digital signal processor, which
may collectively be referred to as "circuitry," "a module,"
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or variants thereof.
[0089] The flowchart and block diagrams in the figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and
computer program products according to various aspects
of the present disclosure. In this regard, each block in
the flowchart or block diagrams may represent a module,
segment, or portion of code, which comprises one or
more executable instructions for implementing the spec-
ified logical function(s). It should be noted that each block
of the block diagrams and/or flowchart illustration, and
combinations of blocks in the block diagrams and/or flow-
chart illustration, can be implemented by special purpose
hardware-based systems that perform the specified func-
tions or acts, or combinations of special purpose hard-
ware and computer instructions.
[0090] It should also be noted that in some alternate
implementations, the functions/acts noted in the blocks
may occur out of the order noted in the flowcharts. For
example, two blocks shown in succession may in fact be
executed substantially concurrently or the blocks may
sometimes be executed in the reverse order, depending
upon the functionality/acts involved. Moreover, the func-
tionality of a given block of the flowcharts and/or block
diagrams may be separated into multiple blocks and/or
the functionality of two or more blocks of the flowcharts
and/or block diagrams may be at least partially integrat-
ed. Finally, other blocks may be added/inserted between
the blocks that are illustrated. Moreover, although some
of the diagrams include arrows on communication paths
to show a primary direction of communication, it is to be
understood that communication may occur in the oppo-
site direction to the depicted arrows.
[0091] Many different embodiments have been dis-
closed herein, in connection with the above description
and the drawings. It will be understood that it would be
unduly repetitious and obfuscating to literally describe
and illustrate every combination and subcombination of
these embodiments. Accordingly, the present specifica-
tion, including the drawings, shall be construed to con-
stitute a complete written description of various example
combinations and subcombinations of embodiments and
of the manner and process of making and using them,
and shall support claims to any such combination or sub-
combination. Many variations and modifications can be
made to the embodiments when not departing from the
scope of the invention as defined by the appended
claims.

Claims

1. A computer-implemented method of creating a
three-dimensional mesh representation of an object
(135), the method comprising:

generating (1000) a first mesh representation
(400) of the object (135), the first mesh repre-

sentation (400) comprising a plurality of poly-
gons (300), respective ones of the polygons
(300) comprising at least three vertices (320,
320’) and at least three edges (330, 430),
wherein respective ones of the plurality of poly-
gons (300) are associated with a precision value
that indicates an extent to which the respective
ones of the plurality of polygons (300) in the first
mesh representation (400) match the object
(135), wherein
generating (1000) the first mesh representation
(400) of the object (135) comprises modifying
the precision value associated with ones of the
plurality of polygons (300) responsive to repeat-
edly adjusting the ones of the plurality of poly-
gons (300) to match a surface of the object (135);
and wherein the method is characterised by:
adjusting (1300) the first mesh representation
(400) of the object (135) to create a second mesh
representation (400’) of the object (135) by re-
moving, from the first mesh representation
(400), polygons of the plurality of polygons (300)
that are associated with precision values that
have not been modified from an initial precision
value.

2. The method of claim 1, wherein generating (1000)
the first mesh representation (400) of the object (135)
comprises:

setting (1014) the precision value associated
with each of the plurality of polygons (300) to
the initial precision value;
receiving (1022) one or more images (130a,
130b) of a portion of the object (135);
identifying (1024) a plurality of points (200) in
the one or more images (130a, 130b) that cor-
respond to a surface of the object (135);
associating (1026) the plurality of points (200)
with a first set of vertices (320) of the plurality of
polygons (300); and
modifying (1028) the precision value associated
with the first set of the plurality of polygons (300)
responsive to adjusting the first set of the plu-
rality of polygons (300) within the first mesh rep-
resentation (400) based on the associated plu-
rality of points (200).

3. The method of any of the preceding claims, wherein
the at least three vertices of respective ones of the
plurality of polygons (300) comprise the precision
value, and
wherein respective polygons of the plurality of poly-
gons (300) are associated with each of the precision
values of the at least three vertices of the respective
polygon.

4. The method of any of the preceding claims, wherein
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removing, from the first mesh representation (400),
polygons of the plurality of polygons (300) associat-
ed with precision values that have not been modified
from an initial precision value comprises:

identifying (1310) a border (425) in the first mesh
representation (400) between the vertices (320)
of the plurality of polygons whose precision val-
ues have not been modified from the initial pre-
cision value and the vertices (320’) of the plu-
rality of polygons whose precision values have
been modified from the initial precision value;
establishing (1320) a three-dimensional plane
(440) through the first mesh representation
(400) based on the location of the border (425);
and
removing (1330) portions of the first mesh rep-
resentation (400) on a side of the three-dimen-
sional plane (440).

5. The method of claim 4, wherein the three-dimension-
al plane (440) through the first mesh representation
(400) at least partially intersects the border (425).

6. The method of claims 4 or 5, wherein the border (425)
comprises a contiguously connected series of edges
(430) through vertices (320, 320’) of the plurality of
polygons (300).

7. The method of any of claims 4 through 6, wherein
establishing the three-dimensional plane (440)
through the first mesh representation (400) compris-
es performing a random sample consensus
(RANSAC) calculation on a plurality of vertices (320,
320’) on the border (425).

8. The method of any of claims 4 through 7, wherein
establishing the three-dimensional plane (440)
through the first mesh representation (400) compris-
es repeating a plurality of times operations compris-
ing:

randomly selecting (1321) at least three vertices
(320, 320’) from a plurality of vertices on the bor-
der (425);
constructing (1323) a temporary plane (440’)
through the at least three vertices (320, 320’);
and
calculating (1325) a cumulative distance for the
vertices on the border (425) from the temporary
plane (440’); and
establishing (1329) the three-dimensional plane
(440) through the temporary plane (440’) that
has the lowest calculated cumulative distance.

9. The method of any of claims 4 through 8, wherein
removing portions of the first mesh representation
(400) on a side of the three-dimensional plane (440)

comprises removing portions of the first mesh rep-
resentation (400) that are at least a first distance
away from the three-dimensional plane (440) in a
line normal to the three-dimensional plane (440).

10. The method of any of claims 4 through 9, wherein
identifying the border (425) in the first mesh repre-
sentation (400) between the vertices (320) of the plu-
rality of polygons (300) whose precision values have
not been modified from the initial precision value and
the vertices (320’) of the plurality of polygons (300)
whose precision values have been modified from the
initial precision value comprises:
identifying a contiguously connected series of edges
(430) through vertices of the plurality of polygons
(300), wherein each edge (430) of the series of edges
has one vertex (320’) whose precision value has
been modified and one vertex (320) whose precision
value has not been modified.

11. The method of any of claims 4 through 9, wherein
identifying the border (425) in the first mesh repre-
sentation (400) between the vertices (320) of the plu-
rality of polygons (300) whose precision values have
not been modified from the initial precision value and
the vertices (320’) of the plurality of polygons (300)
whose precision values have been modified from the
initial precision value comprises:

repeatedly examining each respective edge
(330) of the plurality of polygons (300) to identify
border edges (430), wherein the border edges
(430) have one vertex (320’) whose precision
value has been modified and one vertex (320)
whose precision value has not been modified;
and
identifying a contiguously connected series of
border edges (430) within the first mesh repre-
sentation (400) as the border (425).

12. The method of any of the preceding claims, wherein
the plurality of polygons (300) comprise triangles
having three vertices (320, 320’) and three edges
(330, 430).

13. The method of any of the preceding claims, further
comprising:
displaying (1500) the second mesh representation
(400’) on a display (790) of the electronic device
(700).

14. An imaging system (700) for processing images, the
imaging system comprising:

a processor (710); and
a memory (720) coupled to the processor (710)
and storing computer readable program code
(770) that when executed by the processor (710)
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causes the processor (710) to perform opera-
tions comprising:

generating (1000), within the memory, a first
mesh representation (400) of the object
(135), the first mesh representation (400)
comprising a plurality of polygons (300), re-
spective ones of the polygons (300) com-
prising at least three vertices (320, 320’) and
at least three edges (330, 430),
wherein respective ones of the plurality of
polygons (300) are associated with a preci-
sion value that indicates an extent to which
the respective ones of the plurality of poly-
gons (300) in the first mesh representation
(400) match the object (135),
wherein generating (1000) the first mesh
representation (400) of the object (135)
comprises modifying the precision value as-
sociated with ones of the plurality of poly-
gons (300) responsive to repeatedly adjust-
ing the ones of the plurality of polygons
(300) to match a surface of the object (135);
and

characterised by:
adjusting (1300) the first mesh representation (400)
of the object (135) to create a second mesh repre-
sentation (400’) of the object (135) by removing, from
the first mesh representation (400), polygons of the
plurality of polygons (300) that are associated with
precision values that have not been modified from
an initial precision value.

Patentansprüche

1. Computerimplementiertes Verfahren zum Erstellen
einer dreidimensionalen Netzdarstellung eines Ob-
jekts (135), wobei das Verfahren Folgendes um-
fasst: Erzeugen (1000) einer ersten Netzdarstellung
(400) des Objekts (135), wobei die erste Netzdar-
stellung (400) mehrere Polygone (300) umfasst, je-
weilige der Polygone (300) mindestens drei Eck-
punkte (320, 320’) und mindestens drei Kanten (330,
430) umfassen, wobei jeweilige der mehreren Poly-
gone (300) mit einem Genauigkeitswert assoziiert
sind, der ein Ausmaß angibt, in dem die jeweiligen
der mehreren Polygone (300) in der ersten Netzdar-
stellung (400) mit dem Objekt (135) übereinstimmen,
wobei das Erzeugen (1000) der ersten Netzdarstel-
lung (400) des Objekts (135) Modifizieren des mit
einzelnen der mehreren Polygone (300) assoziierten
Genauigkeitswerts als Reaktion auf ein wiederholtes
Anpassen der Einzelnen der mehreren Polygone
(300), sodass sie mit einer Oberfläche des Objekts
(135) übereinstimmen, umfasst; und wobei das Ver-
fahren durch Folgendes gekennzeichnet ist:

Anpassen (1300) der ersten Netzdarstellung (400)
des Objekts (135), um eine zweite Netzdarstellung
(400’) des Objekts (135) zu erstellen, indem Polygo-
ne der mehreren Polygone (300), die mit Genauig-
keitswerten assoziiert sind, die nicht von einem an-
fänglichen Genauigkeitswert modifiziert wurden,
aus der ersten Netzdarstellung (400) entfernt wer-
den.

2. Verfahren nach Anspruch 1, wobei das Erzeugen
(1000) der ersten Netzdarstellung (400) des Objekts
(135) Folgendes umfasst:

Einstellen (1014) des mit jedem der mehreren
Polygone (300) assoziierten Genauigkeitswerts
auf den anfänglichen Genauigkeitswert;
Empfangen (1022) eines oder mehrerer Bilder
(130a, 130b) oder eines Teils des Objekts (135);
Identifizieren (1024) mehrerer Punkte (200) in
dem einen oder den mehreren Bildern (130a,
130b), die einer Oberfläche des Objekts (135)
entsprechen;
Assoziieren (1026) der mehrere Punkte (200)
mit einer ersten Menge von Eckpunkten (320)
der mehreren Polygone (300); und
Modifizieren (1028) des mit der ersten Menge
der mehreren Polygone (300) assoziierten Ge-
nauigkeitswerts als Reaktion auf ein Anpassen
der ersten Menge der mehreren Polygone (300)
in der ersten Netzdarstellung (400) basierend
auf den assoziierten mehreren Punkten (200) .

3. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die mindestens drei Eckpunkte von je-
weiligen der mehreren Polygone (300) den Genau-
igkeitswert umfassen und
wobei jeweilige Polygone der mehreren Polygone
(300) mit jedem der Genauigkeitswerte der mindes-
tens drei Eckpunkte des jeweiligen Polygons asso-
ziiert sind.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Entfernen von Polygonen der meh-
reren Polygone (300), die mit Genauigkeitswerten
assoziiert sind, die nicht von einem anfänglichen Ge-
nauigkeitswert modifiziert wurden, aus der ersten
Netzdarstellung (400) Folgendes umfasst:

Identifizieren (1310) einer Grenze (425) in der
ersten Netzdarstellung (400) zwischen den Eck-
punkten (320) der mehreren Polygone, deren
Genauigkeitswerte nicht von dem anfänglichen
Genauigkeitswert modifiziert wurden, und den
Eckpunkten (320’) der mehreren Polygone, de-
ren Genauigkeitswerte von dem anfänglichen
Genauigkeitswert modifiziert wurden;
Bilden (1320) einer dreidimensionalen Ebene
(440) durch die erste Netzdarstellung (400) ba-
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sierend auf dem Ort der Grenze (425); und
Entfernen (1330) von Teilen der ersten Netzdar-
stellung (400) auf einer Seite der dreidimensio-
nalen Ebene (440) .

5. Verfahren nach Anspruch 4, wobei die dreidimensi-
onale Ebene (440) durch die erste Netzdarstellung
(400) die Grenze (425) zumindest teilweise schnei-
det.

6. Verfahren nach Anspruch 4 oder 5, wobei die Grenze
(425) eine ununterbrochen verbundene Reihe von
Kanten (430) durch Eckpunkte (320, 320’) der meh-
reren Polygone (300) umfasst.

7. Verfahren nach einem der Ansprüche 4 bis 6, wobei
das Bilden der dreidimensionalen Ebene (440) durch
die erste Netzdarstellung (400) Durchführen einer
Random-Sample-Concensus(RANSAC)-Berech-
nung an mehreren Eckpunkten (320, 320’) auf der
Grenze (425) umfasst.

8. Verfahren nach einem der Ansprüche 4 bis 7, wobei
das Bilden der dreidimensionalen Ebene (440) durch
die erste Netzdarstellung (400) mehrmaliges Wie-
derholen von Operationen umfasst, die Folgendes
umfassen:

zufälliges Auswählen (1321) von mindestens
drei Eckpunkten (320, 320’) aus mehreren Eck-
punkten auf der Grenze (425);
Konstruieren (1323) einer temporären Ebene
(440’) durch die mindestens drei Eckpunkte
(320, 320’); und
Berechnen (1325) einer kumulativen Entfer-
nung für die Eckpunkte auf der Grenze (425)
von der temporären Ebene (440’); und
Bilden (1329) der dreidimensionalen Ebene
(440) durch die temporäre Ebene (440’), die die
geringste berechnete kumulative Entfernung
aufweist.

9. Verfahren nach einem der Ansprüche 4 bis 8, wobei
das Entfernen von Teilen der ersten Netzdarstellung
(400) auf einer Seite der dreidimensionalen Ebene
(440) Entfernen von Teilen der ersten Netzdarstel-
lung (400) umfasst, die auf einer senkrecht zu der
dreidimensionalen Ebene (440) verlaufenden Gera-
den um mindestens eine erste Entfernung von der
dreidimensionalen Ebene (440) entfernt sind.

10. Verfahren nach einem der Ansprüche 4 bis 9, wobei
das Identifizieren der Grenze (425) in der ersten
Netzdarstellung (400) zwischen den Eckpunkten
(320) der mehreren Polygone (300), deren Genau-
igkeitswerte nicht von dem anfänglichen Genauig-
keitswert modifiziert wurden, und den Eckpunkten
(320’) der mehreren Polygone (300), deren Genau-

igkeitswerte von dem anfänglichen Genauigkeits-
wert modifiziert wurden, Folgendes umfasst: Identi-
fizieren einer ununterbrochen verbundenen Reihe
von Kanten (430) durch Eckpunkte der mehreren Po-
lygone (300), wobei jede Kante (430) der Reihe von
Kanten einen Eckpunkt (320’), dessen Genauig-
keitswert modifiziert wurde, und einen Eckpunkt
(320), dessen Genauigkeitswert nicht modifiziert
wurde, aufweist.

11. Verfahren nach einem der Ansprüche 4 bis 9, wobei
das Identifizieren der Grenze (425) in der ersten
Netzdarstellung (400) zwischen den Eckpunkten
(320) der mehreren Polygone (300), deren Genau-
igkeitswerte nicht von dem anfänglichen Genauig-
keitswert modifiziert wurden, und den Eckpunkten
(320’) der mehreren Polygone (300), deren Genau-
igkeitswerte von dem anfänglichen Genauigkeits-
wert modifiziert wurden, Folgendes umfasst: wieder-
holtes Untersuchen jeder jeweiligen Kante (330) der
mehreren Polygone (300), um Grenzkanten (430)
zu identifizieren, wobei die Grenzkanten (430) einen
Eckpunkt (320’), dessen Genauigkeitswert modifi-
ziert wurde, und einen Eckpunkt (320), dessen Ge-
nauigkeitswert nicht modifiziert wurde, aufweisen;
und
Identifizieren einer ununterbrochen verbundenen
Reihe von Grenzkanten (430) in der ersten Netzdar-
stellung (400) als die Grenze (425).

12. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die mehreren Polygone (300) Dreiecke
mit drei Eckpunkten (320, 320’) und drei Kanten
(330, 430) umfassen.

13. Verfahren nach einem der vorhergehenden Ansprü-
che, das ferner Folgendes umfasst:
Anzeigen (1500) der zweiten Netzdarstellung (400’)
auf einer Anzeige (790) der elektronischen Vorrich-
tung (700) .

14. Bildgebungssystem (700) zum Verarbeiten von Bil-
dern, wobei das Bildgebungssystem Folgendes um-
fasst:

einen Prozessor (710); und
einen Speicher (720), der mit dem Prozessor
(710) gekoppelt ist und computerlesbaren Pro-
grammcode (770) speichert, der bei Ausführung
durch den Prozessor (710) bewirkt, dass der
Prozessor (710) Operationen durchführt, die
Folgendes umfassen:

Erzeugen (1000), in dem Speicher, einer
ersten Netzdarstellung (400) des Objekts
(135), wobei die erste Netzdarstellung (400)
mehrere Polygone (300) umfasst, jeweilige
der Polygone (300) mindestens drei Eck-
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punkte (320, 320’) und mindestens drei
Kanten (330, 430) umfassen,
wobei jeweilige der mehreren Polygone
(300) mit einem Genauigkeitswert assozi-
iert sind, der ein Ausmaß angibt, in dem die
jeweiligen der mehreren Polygone (300) in
der ersten Netzdarstellung (400) mit dem
Objekt (135) übereinstimmen,
wobei das Erzeugen (1000) der ersten
Netzdarstellung (400) des Objekts (135)
Modifizieren des mit einzelnen der mehre-
ren Polygone (300) assoziierten Genauig-
keitswerts als Reaktion auf ein wiederholtes
Anpassen der Einzelnen der mehreren Po-
lygone (300), sodass sie mit einer Oberflä-
che des Objekts (135) übereinstimmen, um-
fasst; und
gekennzeichnet durch:
Anpassen (1300) der ersten Netzdarstel-
lung (400) des Objekts (135), um eine zwei-
te Netzdarstellung (400’) des Objekts (135)
zu erstellen, indem Polygone der mehreren
Polygone (300), die mit Genauigkeitswer-
ten assoziiert sind, die nicht von einem an-
fänglichen Genauigkeitswert modifiziert
wurden, aus der ersten Netzdarstellung
(400) entfernt werden.

Revendications

1. Procédé implémenté sur ordinateur consistant à
créer une représentation maillée en trois dimensions
d’un objet (135), le procédé comprenant :

la génération (1000) d’une première représen-
tation maillée (400) de l’objet (135), la première
représentation maillée (400) comprenant une
pluralité de polygones (300), certains respectifs
des polygones (300) comprenant au moins trois
sommets (320, 320’) et au moins trois arêtes
(330, 430),
dans lequel certains respectifs de la pluralité de
polygones (300) sont associés à une valeur de
précision qui indique jusqu’à quel point les po-
lygones respectifs de la pluralité de polygones
(300) dans la première représentation maillée
(400) correspondent à l’objet (135), où
la génération (1000) de la première représenta-
tion maillée (400) de l’objet (135) comprend la
modification de la valeur de précision associée
à certains de la pluralité de polygones (300) en
réponse à l’ajustement répété des polygones de
la pluralité de polygones (300) pour correspon-
dre à une surface de l’objet (135), et où le pro-
cédé est caractérisé par :
l’ajustement (1300) de la première représenta-
tion maillée (400) de l’objet (135) pour créer une

seconde représentation maillée (400’) de l’objet
(135) en supprimant, de la première représen-
tation maillée (400), des polygones de la plura-
lité de polygones (300) qui sont associés à des
valeurs de précision qui n’ont pas été modifiées
par rapport à la valeur initiale de précision.

2. Procédé selon la revendication 1, dans lequel la gé-
nération (1000) de la première représentation
maillée (400) de l’objet (135) comprend :

le réglage (1014) à la valeur initiale de précision
de la valeur de précision associée à chacun de
la pluralité de polygones (300),
la réception (1022) d’une ou plusieurs images
(130a, 130b) d’une partie de l’objet (135),
l’identification (1024) d’une pluralité de points
(200) dans la ou les images (130a, 130b), les-
quels correspondent à une surface de l’objet
(135),
l’association (1026) de la pluralité de points
(200) à un premier ensemble de sommets (320)
de la pluralité de polygones (300), et
la modification (1028) de la valeur de précision
associée au premier ensemble de la pluralité de
polygones (300) en réponse à l’ajustement du
premier ensemble de la pluralité de polygones
(300) à l’intérieur de la première représentation
maillée (400) sur la base de la pluralité associée
de points (200).

3. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les trois sommets ou plus
des polygones respectifs de la pluralité de polygones
(300) comprennent la valeur de précision, et
dans lequel les polygones respectifs de la pluralité
de polygones (300) sont associés à chacune des
valeurs de précision des trois sommets ou plus du
polygone respectif.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’élimination, de la premiè-
re représentation maillée (400), de polygones de la
pluralité de polygones (300) associés à des valeurs
de précision qui n’ont pas été modifiées par rapport
à la valeur initiale de précision comprend :

l’identification (1310) d’une frontière (425) dans
la première représentation maillée (400) entre
les sommets (320) de la pluralité de polygones
dont les valeurs de précision n’ont pas été mo-
difiées par rapport à la valeur initiale de précision
et les sommets (320’) de la pluralité de polygo-
nes dont les valeurs de précision ont été modi-
fiées par rapport à la valeur initiale de précision,
l’établissement (1320) d’un plan tridimensionnel
(440) au travers de la première représentation
maillée (400) sur la base de l’emplacement de
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la frontière (425), et
l’élimination (1330) de parties de la première re-
présentation maillée (400) sur un côté du plan
tridimensionnel (440).

5. Procédé selon la revendication 4, dans lequel le plan
tridimensionnel (440) au travers de la première re-
présentation maillée (400) coupe au moins partiel-
lement la frontière (425).

6. Procédé selon la revendication 4 ou la revendication
5, dans lequel la frontière (425) comprend une série
d’arêtes (430) reliées de manière contiguë au travers
des sommets (320, 320’) de la pluralité de polygones
(300).

7. Procédé selon l’une quelconque des revendications
4 à 6, dans lequel l’établissement du plan tridimen-
sionnel (440) au travers de la première représenta-
tion maillée (400) comprend l’exécution d’un calcul
de consensus d’échantillons aléatoires (RANSAC)
sur une pluralité de sommets (320, 320’) sur la fron-
tière (425).

8. Procédé selon l’une quelconque des revendications
4 à 7, dans lequel l’établissement du plan tridimen-
sionnel (440) au travers de la première représenta-
tion maillée (400) comprend la répétition, une plura-
lité de fois, d’opérations comprenant :

la sélection aléatoire (1321) d’au moins trois
sommets (320, 320’) à partir d’une pluralité de
sommets sur la frontière (425),
la construction (1323) d’un plan temporaire
(440’) au travers des trois sommets (320, 320’)
ou plus, et
le calcul (1325) d’une distance cumulative pour
les sommets sur la frontière (425) à partir du
plan temporaire (440’), et
l’établissement (1329) du plan tridimensionnel
(440) au travers du plan temporaire (440’) qui
présente la distance cumulative calculée la plus
petite.

9. Procédé selon l’une quelconque des revendications
4 à 8, dans lequel les limitations de parties de la
première représentation maillée (400) sur un côté
du plan tridimensionnel (440) comprend l’élimination
de parties de la première représentation maillée
(400) qui se trouvent à au moins une première dis-
tance du plan tridimensionnel (440) selon une droite
normale au plan tridimensionnel (440).

10. Procédé selon l’une quelconque des revendications
4 à 9, dans lequel l’identification de la frontière (425)
dans la première représentation maillée (400) entre
les sommets (320) de la pluralité de polygones (300)
dont les valeurs de précision n’ont pas été modifiées

par rapport à la valeur initiale de précision et les som-
mets (320’) de la pluralité de polygones (300) dont
les valeurs de précision ont été modifiées par rapport
à la valeur initiale de précision comprend :
l’identification d’une série d’arêtes (430) reliées de
manière contiguë au travers des sommets de la plu-
ralité de polygones (300), chaque arête (430) de la
série d’arêtes comportant un sommet (320’) dans la
valeur de précision a été modifié et un sommet (320)
dont la valeur de précision n’a pas été modifiée.

11. Procédé selon l’une quelconque des revendications
4 à 9, dans lequel l’identification de la frontière (425)
dans la première représentation maillée (400) entre
les sommets (320) de la pluralité de polygones (300)
dont les valeurs de précision n’ont pas été modifiées
par rapport à la valeur initiale de précision et les som-
mets (320’) de la pluralité de polygones (300) dont
les valeurs de précision ont été modifiées par rapport
à la valeur initiale de précision comprend :

l’examen répété de chaque arête (330) respec-
tive de la pluralité de polygones (300) afin
d’identifier des arêtes (430) de frontière, les arê-
tes (430) de frontière possédant un sommet
(320’) dont la valeur de précision a été modifiée
et un sommet (320) dont la valeur de précision
n’a pas été modifiée, et
l’identification en tant que frontière (425) d’une
série d’arêtes (430) de frontière reliées de ma-
nière contiguë à l’intérieur de la première repré-
sentation maillée (400) .

12. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la pluralité de polygones
(300) comprend des triangles comportant trois som-
mets (320, 320’) et trois arêtes (330, 430).

13. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre :
l’affichage (1500) de la seconde représentation
maillée (400’) sur un afficheur (790) du dispositif
électronique (700).

14. Système de mise en image (700) destiné à traiter
des images, le système de mise en image
comprenant :

un processeur (710), et
une mémoire (720) couplée au processeur (710)
et stockant un code de programme pouvant être
lu par ordinateur (770) qui, lorsqu’il est exécuté
par le processeur (710), amènent le processeur
(710) à exécuter des opérations comprenant :

la génération (1000), dans la mémoire,
d’une première représentation maillée
(400) de l’objet (135), la première représen-
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tation maillée (400) comprenant une plura-
lité de polygones (300), certains respectifs
des polygones (300) comprenant au moins
trois sommets (320, 320’) et au moins trois
arêtes (330, 430),
dans lequel certains respectifs de la plura-
lité de polygones (300) sont associés à une
valeur de précision qui indique jusqu’à quel
point les polygones respectifs de la pluralité
de polygones (300) dans la première repré-
sentation maillée (400) correspondent à
l’objet (135),
où la génération (1000) de la première re-
présentation maillée (400) de l’objet (135)
comprend la modification de la valeur de
précision associée à certains de la pluralité
de polygones (300) en réponse à l’ajuste-
ment répété des polygones de la pluralité
de polygones (300) pour correspondre à
une surface de l’objet (135), et
caractérisé par :
l’ajustement (1300) de la première repré-
sentation maillée (400) de l’objet (135) pour
créer une seconde représentation maillée
(400’) de l’objet (135) en supprimant, de la
première représentation maillée (400), des
polygones de la pluralité de polygones
(300) qui sont associés à des valeurs de
précision qui n’ont pas été modifiées par
rapport à la valeur initiale de précision.
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