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Description

CLAIM OF PRIORITY

[0001] The present application claims priority from
U.S. Provisional Application No. 61/566,145 (Attorney
Docket No. 9342-534PR), filed December 2, 2011.

FIELD

[0002] The present application relates generally to im-
aging, and more particularly to, methods, systems and
computer program products for creating three dimen-
sional (3D) meshes of 2D images.

BACKGROUND

[0003] Creating three dimensional (3D) models from
monocular two dimensional (2D) images presents a dif-
ficult problem. Computer-aided imagery is the process
of rendering new 2D and 3D images of an object or a
scene (hereinafter collectively "object") on a terminal
screen or graphical user interface from two or more dig-
itized 2D images with the assistance of the processing
and data handling capabilities of a computer. Construct-
ing a 3D model from 2D images may be utilized, for ex-
ample, in computer-aided design (CAD), 3D teleshop-
ping, and virtual reality systems, in which the goal of the
processing is a graphical 3D model of a scene that was
originally represented only by a finite number of 2D im-
ages. The 2D images from which the 3D model is con-
structed represent views of the object as perceived from
different views or locations around the object. The imag-
es can be obtained using multiple cameras positioned
around the object or scene, a single camera in motion
around the object or scene, a camera array and the like.
The information in the 2D images is combined and con-
trasted to produce a composite, computer-based graph-
ical 3D model.
[0004] One current method of reconstructing a graph-
ical 3D model of a scene using multiple 2D images is a
depth map. A depth map is a 2D array of values for math-
ematically representing a surface in space, where the
rows and columns of the array correspond to the x and
y location information of the surface and the array ele-
ments are depth or distance readings to the surface from
a given point or camera location. A depth map can be
viewed as a grey scale image of an object, with the depth
information replacing the intensity and color information,
or pixels, at each point on the surface of the object, A
graphical representation of an object can be estimated
by a depth map. However, the accuracy of a depth map
declines as the distances to the objects increase.
[0005] Other algorithms have been developed to cre-
ate more accurate 3D models from 2D images. For ex-
ample, texture based algorithms may be used to convert
a still 2D image into a 3D model. One of these products
is Make3D created by professors at Stanford University.

However, the accuracy of the resulting 3D models still
deteriorates after a certain distance.
The documents WO 2007/052191 A2 and Ashutosh
Saxena et al: "3-D Depth reconstruction from a Single
Still Image", International Journal of Computer Vision,
Kluwer Academic Publishers, BO, vol. 76, no. 1, 16 Au-
gust 2007 (2007-08-16), pages 53-69 and Fua, Pascal:
"Combining stereo and monocular information to com-
pute dense depth maps that preserve depth discontinu-
ities", Proceedings of the 12th International Joint Con-
ference on Artificial Intelligence, IJCAI’91, vol. 2, 1991,
pages 1292-1298, XP002693911, and Ralli J et al: "A
method for sparse disparity densification using voting
mask propagation", Journal of Visual Communication
and Image Representation, Academic Press, Inc, US,
vol. 21, no. 1, 1 January 2010 (2010-01-01), pages 67-74,
all disclose methods for obtaining a three-dimensional
mesh from two-dimensional images, wherein a texture-
based algorithm is applied to identified portions of a cal-
culated depth map to obtain additional detail in the depth
map, wherein the calculated depth map is combined with
the obtained additional detail to provide a more accurate
3D mesh.

SUMMARY

[0006] The present invention is defined by the append-
ed independent claims. Exemplary embodiments of the
present invention are given in the dependent claims.
[0007] Some embodiments of the present inventive
concept provide methods for obtaining a three-dimen-
sional (3D) mesh from two dimensional images, as de-
fined in claim 1.
[0008] In further embodiments, the camera array may
be one of a matrix of 4X4 camera and a matrix of 4X5
cameras.
[0009] In still further embodiments, the camera array
may be included in a computational camera of a wireless
communication device.
[0010] In the invention identifying portions of the cal-
culated depth map includes marking regions in the depth
map having a distance greater than d, where d is the
distance into the depth map defining when the additional
detail is needed.
[0011] In the invention, applying a texture based algo-
rithm includes applying a texture based algorithm to the
regions marked to obtain an improved mesh for the
marked regions.
[0012] In still further embodiments, combining may fur-
ther include combining the calculated depth map and the
improved mesh for the marked regions to obtain the more
accurate 3D mesh.
[0013] In the invention, combining is preceded by as-
signing a higher weight to the improved mesh for the
marked regions of the depth map for regions with a dis-
tance greater than d; and assigning a higher weight to
calculated depth map for regions in the depth map having
a distance less than d.
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[0014] Further embodiments of the present inventive
concept provide a system for obtaining a three-dimen-
sional (3D) mesh of two-dimensional (2D) images, as
defined in claim 5.
[0015] Still further embodiments of the present inven-
tive concept provide a computer program product for ob-
taining a three-dimensional (3D) mesh from two dimen-
sional images, as defined in claim 9.
[0016] Other methods, systems and/or computer pro-
gram products according to embodiments of the inventive
concept will be or become apparent to one with skill in
the art upon review of the following drawings and detailed
description. It is intended that all such additional meth-
ods, systems and/or computer program products be in-
cluded within the scope of the present inventive concept
as defined by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are includ-
ed to provide a further understanding of the inventive
concept and are incorporated in and constitute a part of
this application, illustrate certain embodiment(s) of the
inventive concept. In the drawings:

Figure 1 is a simplified block diagram of a system
including a camera array in accordance with some
embodiments of the present inventive concept.
Figure 2 is a more detailed block diagram of a data
processing system including modules in accordance
with some embodiments of the present inventive
concept.
Figure 3 is a block diagram of some electronic com-
ponents, including a computational camera, of a
wireless communication terminal in accordance with
some embodiments of the present inventive con-
cept.
Figure 4 is a flowchart illustrating operations in ac-
cordance with various embodiments of the present
inventive concept.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the present inventive concept. Howev-
er, it will be understood by those skilled in the art that the
present inventive concept may be practiced without these
specific details. In other instances, well-known methods,
procedures, components and circuits have not been de-
scribed in detail so as not to obscure the present inventive
concept.
[0019] As discussed above, creating three dimension-
al (3D) models from monocular two dimensional (2D) im-
ages presents a difficult problem. The existing texture
based algorithms, for example, Make3D, and the depth
maps from array cameras do not provide an adequate
solution. For example, the accuracy of the depth map

from an array camera declines as distances to the objects
increase. This is due to the fact that there is a limited
length between the cameras and the length between the
cameras sets the possible resolution in determining the
distance to the object. The human mind is trained to rec-
ognize far off objects and interpret the shapes and 3D
properties depending on features such as textures,
colors etc.
[0020] To address the issues with conventional meth-
ods, some embodiments of the present inventive concept
combine aspects of the depth map method and the tex-
ture based algorithm to provide an improved 3D mesh.
In particular, some embodiments of the present inventive
concept use a depth map generated by a computational
camera to identify areas that in the 3D image that need
more detail and, then, fill in these areas using a texture
based algorithm as will be discussed further herein with
respect to Figures 1 through 4 below.
[0021] Referring first to Figure 1, a system 100 in ac-
cordance with some embodiments of the present inven-
tive concept includes a camera 124, for example, a com-
putational camera including a camera array, a commu-
nications device 110 including a processor 127 and an
improved 3D mesh 160. As illustrated by the dotted line
135 surrounding the camera 124 and the communica-
tions device 110, in some embodiments these elements
may all be included in a single device, for example, a
wireless communications device which will be discussed
further below with respect to Figure 3.
[0022] The camera 124, for example, a camera array,
may be used to obtain a series of 2D images, which may
be supplied to the processor 127 of the communications
device 110. The camera 124 may be a matrix of, for ex-
ample, 4X4 or 4X5 cameras, without departing from the
scope of the present inventive concept.
[0023] The processor 127 may be configured to gen-
erate a larger image from the 2D images and generated
a depth map from the larger image. Methods of generat-
ing a depth map are known to those of skill in the art. Any
method may be used without departing from the scope
of the inventive concept.
[0024] The processor 127 may be further configured
to identify portions of the 3D mesh that may need more
detail. As discussed above, after a certain distance, for
example, 2.0-3.0 meters, the accuracy of the 3D image
created using the depth map declines. A threshold func-
tion is used to mark the regions identified as needing
more detail. For example, anything in the 3D mesh having
a distance greater than 2.0 meters may be "marked" as
needing more detail. It will be understood that the dis-
tance at which the image degrades is related to the phys-
ical dimension of the array camera being used. Accord-
ingly, smaller cameras may have a smaller distance
threshold and, similarly, larger cameras may have a larg-
er distance threshold.
[0025] Some embodiments of the present inventive
concept can tolerate some degradation in quality without
requiring additional details. For example, if the accuracy
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of the 3D mesh is between 90-95 percent this may be
tolerated. However, anything less than 90 percent accu-
rate may be marked as needing more detail. Thus, in
some embodiments, a threshold function is used to mark
regions with a distance d > Td, where Td depends on the
accuracy in the depth map.
[0026] The processor 127 may be further configured
to use a texture based algorithm, for example, Make3D,
to provide the details in the regions marked as needing
more detail. In other words, the textured based algorithm
may be used to fill in the missing details the depth map.
Although embodiments of the present inventive concept
discuss the use of Make3D, embodiments are not limited
this configuration. Any texture based algorithm may be
used without departing from the scope of the present
inventive concept.
[0027] Finally, the processor 127 is configured to com-
bine the depth map mesh and the texture based mesh
to produce an improved 3D mesh 160 of the object or
scene. The two meshes are weighted depending on the
calculated accuracy of the mesh by assigning a higher
weight to the texture based mesh for distances greater
than d and assigning a higher weight to the depth map
(camera array) mesh for distances less than d. As dis-
cussed above, the distance d is defined as the distance
where accuracy becomes less than 90 percent. It will be
understood that the distance at which the image de-
grades is related to the physical dimension of the array
camera being used. Accordingly, smaller cameras may
have a smaller distance threshold and, similarly, larger
cameras may have a larger distance threshold.
[0028] Referring now to Figure 2, a more detailed data
processing system in accordance with some embodi-
ments will be discussed. As illustrated in Figure 2, an
exemplary data processing system that may be used to
perform the calculations discussed above with respect
to Figure 1 in accordance with some embodiments of the
present inventive concept will be discussed. As illustrat-
ed, the data processing system includes a display 245,
a processor 227, a memory 295 and input/output circuits
246. The data processing system may be incorporated
in, for example, a wireless communications device, a per-
sonal computer, server, router or the like. The processor
227 communicates with the memory 295 via an ad-
dress/data bus 248, communicates with the input/output
circuits 246 via an address/data bus 249 and communi-
cates with the display via a connection 247. The input/out-
put circuits 246 can be used to transfer information be-
tween the memory 295 and another computer system or
a network using, for example, an Internet Protocol (IP)
connection. These components may be conventional
components, such as those used in many conventional
data processing systems, which may be configured to
operate as described herein.
[0029] In particular, the processor 227 can be any com-
mercially available or custom microprocessor, microcon-
troller, digital signal processor or the like. The memory
295 may include any memory devices containing the soft-

ware and data used to implement the functionality circuits
or modules used in accordance with embodiments of the
present inventive concept. The memory 295 can include,
but is not limited to, the following types of devices: cache,
ROM, PROM, EPROM, EEPROM, flash memory,
SRAM, DRAM and magnetic disk. In some embodiments
of the present inventive concept, the memory 295 may
be a content addressable memory (CAM).
[0030] As further illustrated in Figure 2, the memory
295 may include several categories of software and data
used in the data processing system: an operating system
280; application programs 257; input/output device driv-
ers 290; and data 270. As will be appreciated by those
of skill in the art, the operating system 280 may be any
operating system suitable for use with a data processing
system, such as OS/2, AIX or zOS from International
Business Machines Corporation, Armonk, NY,
Windows95, Windows98, Windows2000 or WindowsXP
from Microsoft Corporation, Redmond, WA, Unix, Linux
or any Android operating system. The input/output device
drivers 290 typically include software routines accessed
through the operating system 280 by the application pro-
grams 257 to communicate with devices such as the in-
put/output circuits 246 and certain memory 295 compo-
nents. The application programs 257 are illustrative of
the programs that implement the various features of the
circuits and modules according to some embodiments of
the present inventive concept. Finally, the data 270 rep-
resents the static and dynamic data used by the applica-
tion programs 257, the operating system 280, the in-
put/output device drivers 290, and other software pro-
grams that may reside in the memory 295. As illustrated
in Figure 2, the data 270 may include, but is not limited
to, 2D images 261, depth map data 263, texture based
data 265 and improved 3D meshes 267 for use by the
circuits and modules of the application programs 257 ac-
cording to some embodiments of the present inventive
concept as discussed above.
[0031] As further illustrated in Figure 2, the application
programs 257 include a depth map module 253, a texture
based acquisition module 254 and a refinement module
255. While the present inventive concept is illustrated
with reference to the depth map module 253, the texture
based acquisition module 254 and the refinement module
255 being application programs in Figure 2, as will be
appreciated by those of skill in the art, other configura-
tions fall within the scope of the present inventive con-
cept. For example, rather than being application pro-
grams 257, the depth map module 253, the texture based
acquisition module 254 and the refinement module 255
may also be incorporated into the operating system 280
or other such logical division of the data processing sys-
tem, such as dynamic linked library code. Furthermore,
the depth map module 253, the texture based acquisition
module 254 and the refinement module 255 are illustrat-
ed in a single data processing system, as will be appre-
ciated by those of skill in the art, such functionality may
be distributed across one or more data processing sys-
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tems. Thus, the present inventive concept should not be
construed as limited to the configuration illustrated in Fig-
ure 2, but may be provided by other arrangements and/or
divisions of functions between data processing systems.
For example, although Figure 2 is illustrated as having
multiple modules, the modules may be combined into
three or less or more modules may be added without
departing from the scope of the present inventive con-
cept.
[0032] In particular, the depth map module 253 is con-
figured obtain a lager image from the series of 2D images
obtained using the camera array (124 Figure 1) and gen-
erate a depth map from the larger image. As discussed
above, the calculation of depth maps are known to those
of skill in the art. The refinement module 255 is configured
to identify portions of the calculated depth map that need
additional detail. The texture based acquisition module
254 is configured to apply a textured based algorithm to
the identified portions of the calculated depth map to ob-
tain the additional detail. Once the additional detail is
obtained, the refinement module 255 combines the cal-
culated depth map with the obtained additional detail to
provide a more accurate 3D mesh of the obtained series
of 2D images.
[0033] The refinement module 255 is configured to
mark regions in the depth map having a distance greater
than a distance d, where the distance d is the distance
into the depth map defining when the additional detail is
needed. As discussed above, in some embodiments this
distance is from about 2.0 to about 3.0 meters. This may
the distance when the accuracy degrades to below 90
percent in some embodiments.
[0034] The refinement module 255 is further config-
ured to assign a higher weight to the improved mesh for
the marked regions of the depth map for regions with a
distance greater than d and assign a higher weight to the
calculated depth map for regions in the depth map having
a distance less than d.
[0035] Referring now to Figure 3, as discussed above,
in some embodiments of the present inventive concept
the data processing system may be included in a wireless
communications device. As illustrated in Figure 3, a block
diagram of a wireless communication terminal 350 that
includes a computational camera 324 and a processor
327 in accordance with some embodiments of the
present inventive concept will be discussed. As illustrated
in Figure 3, the terminal 350 includes an antenna system
300, a transceiver 340, a processor 327, and can further
include a conventional display 308, keypad 302, speaker
304, mass memory 328, microphone 306, and/or com-
putational camera 324, one or more of which may be
electrically grounded to the same ground plane as the
antenna 300.
[0036] The transceiver 340 may include transmit/re-
ceive circuitry (TX/RX) that provides separate communi-
cation paths for supplying/receiving RF signals to differ-
ent radiating elements of the antenna system 300 via
their respective RF feeds.

[0037] The transceiver 340 in operational cooperation
with the processor 327 may be configured to communi-
cate according to at least one radio access technology
in two or more frequency ranges. The at least one radio
access technology may include, but is not limited to,
WLAN (e.g., 802.11), WiMAX (Worldwide Interoperability
for Microwave Access), TransferJet, 3GPP LTE (3rd
Generation Partnership Project Long Term Evolution),
Universal Mobile Telecommunications System (UMTS),
Global Standard for Mobile (GSM) communication, Gen-
eral Packet Radio Service (GPRS), enhanced data rates
for GSM evolution (EDGE), DCS, PDC, PCS, code divi-
sion multiple access (CDMA), wideband-CDMA, and/or
CDMA2000. Other radio access technologies and/or fre-
quency bands can also be used in embodiments accord-
ing to the inventive concept.
[0038] Referring now to the flowchart of Figure 4, op-
erations for obtaining a three-dimensional (3D) mesh
from two dimensional images in accordance with various
embodiments will be discussed. As illustrated in Figure
4, operations begin at block 400 by obtaining a series of
2D images using a camera array. In some embodiments,
the camera array is one of a matrix of 4X4 camera and
a matrix of 4X5 cameras. As discussed above, in some
embodiments, the camera array may be included in a
computational camera of a wireless communication de-
vice.
[0039] A depth map is calculated using the obtained
series of 2D images (block 410). In particular, the series
of 2D images are used to generate a larger image and
the depth map is generated from the larger image. Por-
tions of the calculated depth map that need additional
detail are identified (block 420). The portions of the cal-
culated depth map is identified by marking regions in the
depth map having a distance greater than d, where d is
the distance into the depth map defining when the addi-
tional detail is needed. A textured based algorithm is ap-
plied to the identified portions of the calculated depth
map to obtain the additional detail (block 430). The cal-
culated depth map is combined with the obtained addi-
tional detail to provide a more accurate 3D mesh of the
obtained series of 2D images (block 440).
[0040] A higher weight may be assigned to the im-
proved mesh for the marked regions of the depth map
for regions with a distance greater than d and a higher
weight may be assigned to calculated depth map for re-
gions in the depth map having a distance less than d.
[0041] Various embodiments were described herein
with reference to the accompanying drawings, in which
embodiments of the inventive concept are shown. This
inventive concept may, however, be embodied in many
different forms and should not be construed as limited to
the embodiments set forth herein; rather, these embod-
iments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the scope of
the inventive concept to those skilled in the art.
[0042] It will be understood that, when an element is
referred to as being "connected", "coupled", "respon-

7 8 



EP 2 786 348 B1

6

5

10

15

20

25

30

35

40

45

50

55

sive", or variants thereof to another element, it can be
directly connected, coupled, or responsive to the other
element or intervening elements may be present. In con-
trast, when an element is referred to as being "directly
connected", "directly coupled", "directly responsive", or
variants thereof to another element, there are no inter-
vening elements present. Furthermore, "coupled", "con-
nected", "responsive", or variants thereof as used herein
may include wirelessly coupled, connected, or respon-
sive. Like numbers refer to like elements throughout. The
terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be
limiting of the inventive concept. As used herein, the sin-
gular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. Well-known functions or constructions
may not be described in detail for brevity and/or clarity.
[0043] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed a first element, without depart-
ing from the scope of the present inventive concept.
Moreover, as used herein, the term "and/or" includes any
and all combinations of one or more of the associated
listed items.
[0044] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this inventive concept belongs. It
will be further understood that terms, such as those de-
fined in commonly used dictionaries, should be interpret-
ed as having a meaning that is consistent with their mean-
ing in the context of this specification and the relevant
art and will not be interpreted in an idealized or overly
formal sense expressly so defined herein.
[0045] 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. Furthermore, if used herein, the
common abbreviation "e.g.", which derives from the Latin
phrase exempli gratia, may be used to introduce or spec-
ify a general example or examples of a previously men-
tioned item, and is not intended to be limiting of such
item. If used herein, the common abbreviation "i.e.",
which derives from the Latin phrase id est, may be used
to specify a particular item from a more general recitation.
[0046] Exemplary embodiments were described here-
in with reference to block diagrams and/or flowchart il-
lustrations of computer-implemented methods, appara-
tus (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 such as a
digital processor, and/or other programmable data
processing circuit to produce a machine, such that the
instructions, which execute via the processor of the com-
puter and/or other programmable data processing appa-
ratus, transform and control transistors, values stored in
memory locations, and other hardware components with-
in 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 functions/acts specified in the block
diagrams and/or flowchart block(s). These computer pro-
gram instructions may also be stored in a computer-read-
able medium that can direct a computer or other pro-
grammable data processing apparatus to function in a
particular manner, such that the instructions stored in the
computer-readable medium produce an article of manu-
facture including instructions which implement the func-
tions/acts specified in the block diagrams and/or flow-
chart block or blocks.
[0047] 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).
[0048] 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.
[0049] Accordingly, embodiments of the present inven-
tive concept may be embodied in hardware and/or in soft-
ware (including firmware, resident software, micro-code,
etc.) that runs on a processor such as a digital signal
processor, which may collectively be referred to as "cir-
cuitry," "a module" or variants thereof.
[0050] 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
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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.
[0051] Many different embodiments were disclosed
herein, in connection with the following description and
the drawings. It will be understood that it would be unduly
repetitious and obfuscating to literally describe and illus-
trate every combination and subcombination of these
embodiments. Accordingly, the present specification, in-
cluding the drawings, shall be construed to constitute a
complete written description of all combinations and sub-
combinations of the embodiments described herein, and
of the manner and process of making and using them,
and shall support claims to any such combination or sub-
combination.
[0052] For purposes of illustration and explanation on-
ly, various embodiments of the present inventive concept
were described herein in the context of user equipment
(e.g., "wireless user terminal(s)", "wireless communica-
tion terminal(s)", "wireless terminal(s)", "terminal(s)", "us-
er terminal(s)", etc.) that are configured to carry out cel-
lular communications (e.g., cellular voice and/or data
communications). It will be understood, however, that the
present inventive concept is not limited to such embod-
iments and may be embodied generally in any wireless
communication terminal that is configured to transmit and
receive according to one or more RATs. Moreover, "user
equipment" is used herein to refer to one or more pieces
of user equipment. Acronyms "UE" and "UEs" may be
used to designate a single piece of user equipment and
multiple pieces of user equipment, respectively.
[0053] As used herein, the term "user equipment" in-
cludes cellular and/or satellite radiotelephone(s) with or
without a multi-line display; Personal Communications
System (PCS) terminal(s) that may combine a radiotel-
ephone with data processing, facsimile and/or data com-
munications capabilities; Personal Digital Assistant(s)
(PDA) or smart phone(s) that can include a radio frequen-
cy transceiver and a pager, Internet/Intranet access, Web
browser, organizer, calendar and/or a global positioning
system (GPS) receiver; and/or conventional laptop (note-
book) and/or palmtop (netbook) computer(s) or other ap-
pliance(s), which include a radio frequency transceiver.
As used herein, the term "user equipment" also includes
any other radiating user device that may have time-var-
ying or fixed geographic coordinates and/or may be port-
able, transportable, installed in a vehicle (aeronautical,
maritime, or land-based) and/or situated and/or config-
ured to operate locally and/or in a distributed fashion over
one or more terrestrial and/or extra-terrestrial location(s).

Finally, the terms "node" or "base station" includes any
fixed, portable and/or transportable device that is config-
ured to communicate with one or more user equipment
and a core network, and includes, for example, terrestrial
cellular base stations (including microcell, picocell, wire-
less access point and/or ad hoc communications access
points) and satellites, that may be located terrestrially
and/or that have a trajectory above the earth at any alti-
tude.
[0054] In the drawings and specification, there have
been disclosed embodiments of the inventive concept
and, although specific terms are employed, they are used
in a generic and descriptive sense only and not for pur-
poses of limitation, the scope of the inventive concept
being set forth in the following claims.

Claims

1. A method for obtaining a three-dimensional (3D)
mesh from two dimensional images, the method
comprising:

obtaining a series of 2D images using a camera
array;
calculating a depth map using the obtained se-
ries of 2D images;
identifying portions of the calculated depth map
that need additional detail;
applying a texture based algorithm to the iden-
tified portions of the calculated depth map to ob-
tain the additional detail in the depth map; and
combining the calculated depth map with the ob-
tained additional detail to provide a more accu-
rate 3D mesh,
wherein at least one of the obtaining, calculating,
identifying, applying and combining are imple-
mented by at least one processor;
wherein
identifying portions of the calculated depth map
comprises marking regions in the depth map
having a distance greater than d, where d is the
distance into the depth map defining when the
additional detail is needed;
wherein applying a texture based algorithm
comprises applying a texture based algorithm
to the regions marked to obtain an improved
mesh for the marked regions; and
wherein combining is preceded by:

assigning a higher weight to the improved
mesh for the marked regions of the depth
map for regions with a distance greater than
d; and
assigning a higher weight to calculated
depth map for regions in the depth map hav-
ing a distance less than d.
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2. The method of Claim 1, wherein the camera array is
one of a matrix of 4X4 cameras and a matrix of 4X5
cameras.

3. The method of Claim 1, wherein the camera array is
included in a computational camera of a wireless
communication device.

4. The method of Claim 1, wherein combining further
comprises combining the calculated depth map and
the improved mesh for the marked regions to obtain
the more accurate 3D mesh.

5. A system for obtaining a three-dimensional (3D)
mesh of two-dimensional (2D) images, the system
comprising:

a camera configured to obtain a series of 2D
images using a camera array; and
a processor including:

a depth map module configured to calculate
a depth map using the obtained series of
2D images;
a refinement module configured to identify
portions of the calculated depth map that
need additional detail in the depth map; and
a texture based acquisition module config-
ured to apply a texture based algorithm to
the identified portions of the calculated
depth map to obtain the additional detail,
wherein the refinement module is further
configured to combine the calculated depth
map with the obtained additional detail to
provide a more accurate 3D mesh;
wherein
the refinement module is further configured
to mark regions in the depth map having a
distance greater than d, where d is the dis-
tance into the depth map defining when the
additional detail is needed;
wherein the texture based acquisition mod-
ule is further configured to apply a texture
based algorithm to the regions marked to
obtain an improved mesh for the marked
regions; and
wherein the refinement module is further
configured to:

assign a higher weight to the improved
mesh for the marked regions of the
depth map for regions with a distance
greater than d; and
assign a higher weight to calculated
depth map for regions in the depth map
having a distance less than d.

6. The system of Claim 5, wherein the system is includ-

ed in a wireless communication device.

7. The system of Claim 5, wherein the camera is in-
cluded in a wireless communications device.

8. The system of Claim 7, wherein the refinement mod-
ule is further configured to combine the calculated
depth map and the improved mesh for the marked
regions to obtain the more accurate 3D mesh.

9. A computer program product comprising instructions
which, when the program is executed by a computer,
cause the computer to carry out the method of claim
1.

Patentansprüche

1. Verfahren zum Erhalten eines dreidimensionalen
(3D) Gitternetzes aus zweidimensionalen Bildern,
wobei das Verfahren umfasst:

Erhalten einer Reihe von 2D-Bildern mittels ei-
ner Kameraanordnung;
Berechnung einer Tiefenkarte mittels der erhal-
tenen Reihe von 2D-Bildern;
Identifizierung von Teilen der berechneten Tie-
fenkarte, die zusätzliche Details benötigen;
Anwendung eines texturbasierten Algorithmus
auf die identifizierten Teile der berechneten Tie-
fenkarte, um die zusätzlichen Details in der Tie-
fenkarte zu erhalten; und
Kombination der berechneten Tiefenkarte mit
den erhaltenen zusätzlichen Details, um ein ge-
naueres 3D-Gitternetz bereitzustellen,
wobei mindestens eines von dem Erhalten, Be-
rechnung, Identifizierung, Anwendung und
Kombination von mindestens einem Prozessor
implementiert wird;
wobei
Identifizierung von Teilen der berechneten Tie-
fenkarte das Markieren von Bereichen in der
Tiefenkarte umfasst, die einen Abstand größer
als d aufweisen, wobei d der Abstand in der Tie-
fenkartendefinition ist, wenn die zusätzlichen
Details benötigt werden;
wobei Anwendung eines texturbasierten Algo-
rithmus die Anwendung eines texturbasierten
Algorithmus auf die Regionen umfasst, markiert
zum Erhalten eines verbesserten Gitternetzes
für die markierten Bereiche; und
wobei der Kombination vorausgeht:

Zuweisung einer höheren Bedeutung an
das verbesserte Gitternetz für die markier-
ten Bereiche der Tiefenkarte, für Bereiche
mit einem Abstand größer als d; und
Zuweisung einer höheren Bedeutung an die
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berechnete Tiefenkarte für Bereiche in der
Tiefenkarte mit einem Abstand geringer als
d.

2. Verfahren nach Anspruch 1, wobei die Kameraan-
ordnung eine Matrix von 4X4 Kameras und eine Ma-
trix von 4X5 Kameras ist.

3. Verfahren nach Anspruch 1, wobei die Kameraan-
ordnung in einer computergestützten Kamera einer
drahtlosen Kommunikationsvorrichtung enthalten
ist.

4. Verfahren nach Anspruch 1, wobei Kombination wei-
ter eine Kombination der berechneten Tiefenkarte
und des verbesserten Gitternetzes für die markierten
Bereiche zum Erhalten des genaueren 3D-Gitternet-
zes umfasst.

5. System zum Erhalten eines dreidimensionalen (3D)
Gitternetzes aus zweidimensionalen (2D) Bildern,
wobei das System umfasst:

eine Kamera, konfiguriert zum Erhalten einer
Reihe von 2D-Bildern mittels einer Kameraan-
ordnung; und
einen Prozessor, aufweisend:

ein Tiefenkartenmodul, konfiguriert zur Be-
rechnung einer Tiefenkarte mittels der er-
haltenen Reihe von 2D-Bildern;
ein Verfeinerungsmodul, konfiguriert zur
Identifizierung von Teilen der berechneten
Tiefenkarte, die zusätzliche Details in der
Tiefenkarte benötigen; und
ein texturbasiertes Erfassungsmodul, kon-
figuriert zur Anwendung eines texturbasier-
ten Algorithmus auf die identifizierten Teile
der berechneten Tiefenkarte zum Erhalten
der zusätzlichen Details,
wobei das Verfeinerungsmodul weiter kon-
figuriert ist, die berechnete Tiefenkarte mit
den erhaltenen zusätzlichen Details zu
kombinieren, um ein genaueres 3D-Gitter-
netz zu bestimmen;
wobei
das Verfeinerungsmodul weiter konfiguriert
ist, Bereiche auf der Tiefenkarte zu markie-
ren, die einen Abstand größer als d aufwei-
sen, wobei d der Abstand in der Tiefenkar-
tendefinition ist, wenn die zusätzlichen De-
tails benötigt werden;
wobei das texturbasierte Erfassungsmodul
weiter konfiguriert ist, um einen texturba-
sierten Algorithmus auf die Bereiche anzu-
wenden, markiert zum Erhalten eines ver-
besserten Gitternetzes für die markierten
Bereiche; und

wobei das Verfeinerungsmodul weiter kon-
figuriert ist, zur:

Zuweisung einer höheren Bedeutung
für das verbesserte Gitternetz für die
markierten Bereiche der Tiefenkarte,
für Bereiche mit einem Abstand größer
als d; und
Zuweisung einer höheren Bedeutung
an berechnete Tiefenkarte für Bereiche
in der Tiefenkarte, die einen Abstand
geringer als d aufweisen.

6. System nach Anspruch 5, wobei das System in einer
drahtlosen Kommunikationsvorrichtung enthalten
ist.

7. System nach Anspruch 5, wobei die Kamera in einer
drahtlosen Kommunikationsvorrichtung enthalten
ist.

8. Das System nach Anspruch 7, wobei das Verfeine-
rungsmodul weiter konfiguriert ist, die berechnete
Tiefenkarte und das verbesserte Gitternetz für die
markierten Bereiche zu kombinieren, um ein genau-
eres 3D-Gitternetz zu erhalten.

9. Computerprogrammprodukt, umfassend Anweisun-
gen, die, wenn das Programm von einem Computer
ausgeführt wird, den Computer dazu veranlasst, das
Verfahren nach Anspruch 1 auszuführen.

Revendications

1. Procédé destiné à obtenir un maillage tridimension-
nel (3D) à partir d’images bidimensionnelles, le pro-
cédé consistant à :

obtenir une série d’images 2D en utilisant un
groupement de caméras ;
calculer une carte de profondeur en utilisant la
série d’images 2D ;
identifier des parties de la carte de profondeur
calculée qui nécessitent un détail
supplémentaire ;
appliquer un algorithme à base de texture aux
parties identifiées de la carte de profondeur cal-
culée afin d’obtenir le détail supplémentaire
dans la carte de profondeur ; et
combiner la carte de profondeur calculée avec
le détail supplémentaire afin de fournir un mailla-
ge 3D plus précis,
dans lequel au moins l’un de l’obtention, du cal-
cul, de l’identification, de l’application et de la
combinaison sont mis en oeuvre par au moins
un processeur ;
dans lequel l’identification de parties de la carte
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de profondeur calculée consiste à marquer des
régions de la carte de profondeur ayant une dis-
tance supérieure à d, où d est la distance, dans
la carte de profondeur, définissant les moments
où le détail supplémentaire est nécessaire ;
dans lequel l’application d’un algorithme à base
de texture consiste à appliquer un algorithme à
base de texture aux régions marquées afin d’ob-
tenir un maillage amélioré pour les régions
marquées ; et
dans lequel la combinaison est précédée par les
étapes consistant à :

affecter un poids plus élevé au maillage
amélioré pour les régions marquées de la
carte de profondeur pour des régions ayant
une distance supérieure à d ; et
affecter un poids plus élevé à la carte de
profondeur calculée pour des régions de la
carte de profondeur ayant une distance in-
férieure à d.

2. Procédé selon la revendication 1, dans lequel le
groupement de caméras est l’une d’une matrice de
4X4 caméras et d’une matrice de 4X5 caméras.

3. Procédé selon la revendication 1, dans lequel le
groupement de caméras est contenu dans une ca-
méra calculatoire d’un dispositif de communication
sans fil.

4. Procédé selon la revendication 1, dans lequel la
combinaison consiste en outre à combiner la carte
de profondeur calculée et le maillage pour les ré-
gions marquées afin d’obtenir le maillage 3D plus
précis.

5. Système pour obtenir un maillage tridimensionnel
(3D) d’images bidimensionnelles (2D), le système
comprenant :

une caméra configurée pour obtenir une série
d’images 2D en utilisant un groupement de
caméras ; et
un processeur comportant :

un module de carte de profondeur configuré
pour calculer une carte de profondeur en
utilisant la série d’images 2D ;
un module d’affinement configuré pour
identifier des parties de la carte de profon-
deur calculée qui nécessitent un détail sup-
plémentaire dans la carte de profondeur ; et
une module d’acquisition à base de texture
configuré pour appliquer un algorithme à
base de texture aux parties identifiées de la
carte de profondeur calculée afin d’obtenir
le détail supplémentaire,

dans lequel le module d’affinement est en
outre configuré pour combiner la carte de
profondeur calculée avec le détail supplé-
mentaire afin de fournir un maillage 3D plus
précis ;
dans lequel le module d’affinement est en
outre configuré pour marquer des régions
de la carte de profondeur ayant une distan-
ce supérieure à d, où d est la distance, dans
la carte de profondeur, définissant les mo-
ments où le détail supplémentaire est
nécessaire ;
dans lequel la module d’acquisition à base
de texture est en outre configuré pour ap-
pliquer un algorithme à base de texture aux
régions marquées afin d’obtenir un maillage
amélioré pour les régions marquées ; et
dans lequel le module d’affinement est en
outre configuré pour :

affecter un poids plus élevé au maillage
amélioré pour les régions marquées de
la carte de profondeur pour des régions
ayant une distance supérieure à d ; et
affecter un poids plus élevé à la carte
de profondeur calculée pour des ré-
gions de la carte de profondeur ayant
une distance inférieure à d.

6. Système selon la revendication 5, dans lequel le sys-
tème est contenu dans un dispositif de communica-
tion sans fil.

7. Système selon la revendication 5, dans lequel la ca-
méra est contenue dans un dispositif de communi-
cation sans fil.

8. Système selon la revendication 7, dans lequel le mo-
dule d’affinement est en outre configuré pour com-
biner la carte de profondeur calculée et le maillage
pour les régions marquées afin d’obtenir le maillage
3D plus précis.

9. Produit de programme d’ordinateur comprenant des
instructions qui, lorsque le programme est exécuté
par un ordinateur, amènent l’ordinateur à mettre en
oeuvre le procédé selon la revendication 1.
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