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GENERATING THREE-DIMENSIONAL
CONTENT FROM TWO-DIMENSIONAL
IMAGES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 16/241,991, entitled “Generating Three-
Dimensional Content from Two-Dimensional Images” filed
Jan. 8, 2019, which claims the benefit of U.S. Provisional
Application No. 62/614,899, entitled “Generating Three-
Dimensional Content from Two-Dimensional Images” filed
Jan. 8, 2018, each of which is incorporated by reference.

FIELD

The embodiments discussed herein are related to gener-
ating three-dimensional content from two-dimensional vid-
€os.

BACKGROUND

Generating a three-dimensional model of a sporting event
may be difficult when the boundaries of the sporting event
change. This is particularly true when the three-dimensional
model includes a player in the sporting event because the
player is moving so quickly, it can be difficult to accurately
simulate the movement.

SUMMARY

In some embodiments a method includes receiving two-
dimensional video streams from a plurality of cameras, the
two-dimensional video streams including multiple angles of
a sporting event, determining boundaries of the sporting
event from the two-dimensional video streams, identifying a
location of a sporting object during the sporting event,
identifying one or more players in the sporting event,
identifying poses of each of the one or more players during
the sporting event, generating a three-dimensional model of
the sporting event based on the boundaries of the sporting
event, the location of the sporting object during the sporting
event, and the poses of each of the one or more players
during the sporting event, and generating a simulation of the
three-dimensional model.

In some embodiments, a sporting event is an example of
a live event. A live event includes any type of event that is
live such as a sporting event, a concert, a play, news, war
zone footage, an art show, a press conference, a speech, or
any other type of live event.

The method may further include providing the simulation
to a cross reality system. In some embodiments, the cross
reality system includes augmented reality glasses and the
simulation is overlaid onto real-world elements. The method
may further include generating a machine learning model,
wherein the machine learning model is used to determine the
boundaries, identify the location of the sporting event,
identify the poses of each of the one or more players,
generate the three-dimensional model, and generate the
simulation. In some embodiments, the machine learning
model is generated by at least one of a deep neural network,
a convolutional neural network, and a recurrent neural
network. In some embodiments, identifying the poses of the
one or more players during the sporting event includes
generating a skeletal model of each of the one or more
players and the skeletal model predicts a location of corre-

15

20

30

40

45

55

2

sponding body parts that are obscured in image frames of the
two-dimensional video streams. The method may further
include classifying people that are in the two-dimensional
video streams including the one or more players, where
predicting the location of corresponding body parts that are
obscured in the image frames includes applying a classifi-
cation of the people to determine whether the corresponding
body parts are obscured by the one or more players or an
other person. The method may further include identifying
one or more social network profiles that correspond to
people that are in the two-dimensional video streams,
wherein the people include spectators to the sporting event
and providing one or more links to the one or more social
network profiles within the simulation. The method may
further include identifying one or more social network
profiles that correspond to the one or more players and
providing one or more links to the one or more social
network profiles within the simulation.

In some embodiments, a system comprises one or more
processors coupled to a memory, a processing module stored
in the memory and executable by the one or more proces-
sors, the processing module operable to receive two-dimen-
sional video streams from a plurality of cameras, the two-
dimensional video streams including multiple angles of a
sporting event, a machine learning module stored in the
memory and executable by the one or more processors, the
machine learning module operable to generate a machine
learning model to determine boundaries of the sporting
event from the two-dimensional video streams and identify
a location of a sporting object during the sporting event, a
tracking module stored in the memory and executable by the
one or more processors, the tracking module operable to,
based on the machine learning model, identify one or more
players in the sporting event and identify poses of each of
the one or more players during the sporting event, and a
simulation module stored in the memory and executable by
the one or more processors, the simulation module operable
to, based on the machine learning model, generate a three-
dimensional model of the sporting event based on the
boundaries of the sporting event, the location of the sporting
object during the sporting event, and the poses of each of the
one or more players during the sporting event and generate
a simulation of the three-dimensional model.

In some embodiments, the system further comprises a
user interface module stored in the memory and executable
by the one or more processors, the user interface module
operable to provide the simulation to a cross reality system.
In some embodiments, the cross reality system includes
augmented reality glasses and the simulation is overlaid onto
real-world elements. In some embodiments, the machine
learning model is generated by at least one of a deep neural
network, a convolutional neural network, and a recurrent
neural network. In some embodiments, identifying the poses
of'the one or more players during the sporting event includes
generating a skeletal model of each of the one or more
players and the skeletal model predicts a location of corre-
sponding body parts that are obscured in image frames of the
two-dimensional video streams.

In some embodiments, a computer storage medium
encoded with a computer program, the computer program
comprising instructions that, when executed by one or more
processors, cause the one or more processors to perform
operations comprising: receiving two-dimensional video
streams from a plurality of cameras, the two-dimensional
video streams including multiple angles of a sporting event,
determining boundaries of the sporting event from the
two-dimensional video streams, identifying a location of a
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sporting object during the sporting event, identifying one or
more players in the sporting event, identifying poses of each
of the one or more players during the sporting event,
generating a three-dimensional model of the sporting event
based on the boundaries of the sporting event, the location
of the sporting object during the sporting event, and the
poses of each of the one or more players during the sporting
event, and generating a simulation of the three-dimensional
model.

In some embodiments, the operations further include
providing the simulation to a cross reality system. In some
embodiments, the cross reality system includes augmented
reality glasses and the simulation is overlaid onto real-world
elements. In some embodiments, the operations further
include generating a machine learning model, wherein the
machine learning model is used to determine the boundaries,
identify the location of the sporting event, identify the poses
of each of the one or more players, generate the three-
dimensional model, and generate the simulation. In some
embodiments, the machine learning model is generated by at
least one of a deep neural network, a convolutional neural
network, and a recurrent neural network. In some embodi-
ments, identifying the poses of the one or more players
during the sporting event includes generating a skeletal
model of each of the one or more players and the skeletal
model predicts a location of corresponding body parts that
are obscured in image frames of the two-dimensional video
streams.

The disclosure is particularly advantageous in a number
of respects. First, the cross reality (XR) application solves a
problem of defining boundaries in a sporting event by
confining the event to a fixed space. Second, the XR
application computes the boundary, the location of a sport-
ing object, and a pose for each player in the sporting event
using a machine learning model. As a result of the above, a
simulation of a three-dimensional model may be generated
in real time or near real-time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example system that generates three-
dimensional (3D) content from two-dimensional (2D) vid-
eos according to some embodiments.

FIG. 2 illustrates a block diagram of an example device
that generates 3D content from 2D videos according to some
embodiments.

FIG. 3 illustrates a block diagram of an example camera
configuration for generating the 3D content according to
some embodiments.

FIG. 4 illustrates a block diagram an example sample used
for calibration of the 3D content application according to
some embodiments.

FIG. 5A illustrates a block diagram of example images
with different angles of a tennis match that are used to
generate 3D content according to some embodiments.

FIG. 5B illustrates a block diagram of ball detection
during the tennis match according to some embodiments.

FIG. 5C illustrates a block diagram of pose detection of
the players of the tennis match according to some embodi-
ments.

FIG. 6A illustrates a block diagram of an example of a
simulation of a tennis match according to some embodi-
ments.

FIG. 6B illustrates a block diagram of an example user
interface for modifying the simulation of a sporting event
according to some embodiments.
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4

FIG. 7 illustrates an example flowchart for generating a
simulation of the 3D model from 2D videos according to
some embodiments.

DESCRIPTION OF EMBODIMENTS

Example System 100

FIG. 1 illustrates an example system that generates three-
dimensional (3D) content from two-dimensional (2D) vid-
eos. The system 100 comprises a camera 111, a XR server
101, a user device 115, and a second server 135.

While FIG. 1 illustrates one camera 111, one XR server
101, one user device 115, and one second server 135, the
disclosure applies to a system architecture having one or
more cameras 111, one or more XR servers 101, one or more
user devices 115, and one or more second servers 135.
Furthermore, although FIG. 1 illustrates one network 105
coupled to the entities of the system 100, in practice one or
more networks 105 may be connected to these entities and
the one or more networks 105 may be of various and
different types.

The network 105 may be a conventional type, wired or
wireless, and may have numerous different configurations
including a star configuration, token ring configuration, or
other configurations. Furthermore, the network 105 may
include a local area network (LAN), a wide area network
(WAN) (e.g., the Internet), or other interconnected data
paths across which multiple devices may communicate. In
some embodiments, the network 105 may be a peer-to-peer
network. The network 105 may also be coupled to or include
portions of a telecommunications network for sending data
in a variety of different communication protocols. In some
embodiments, the network 105 may include Bluetooth™
communication networks or a cellular communication net-
work for sending and receiving data including via hypertext
transfer protocol (HTTP), direct data connection, etc.

The camera 111 may comprise any device that captures
video data. For example, the camera 111 may be a mobile
device with a lens, a camera array with multiple camera
modules at different angles, a video recorder, etc. The
camera 111 may communicate with the XR server 101, the
user device 115, and/or the second server 135 by accessing
the network 105 via signal line 113. Signal line 113 may
represent a wireless or a wired connection. For example, the
camera 111 may wirelessly transmit video data over the
network 105 to the XR server 101. In some embodiments,
the camera 111 may be directly connected to the user device
115. For example, the camera 111 may be connected to the
user device 115 via a universal serial bus (USB) cable.

The XR server 101 may be a hardware server that includes
an XR application 103a, a database 106, and network
communication capabilities. In some embodiments, the XR
application 103a can be implemented using hardware
including a field-programmable gate array (“FPGA™) or an
application-specific integrated circuit (“ASIC”). In some
other embodiments, the XR application 103a may be imple-
mented using a combination of hardware and software. The
XR server 101 may communicate with the network 105 via
signal line 107.

The XR server 101 hardware may include a processor, a
memory, a communication unit (not illustrated), the XR
application 103a, and a database 106. The XR application
103a may receive 2D images that include multiple angles of
a sporting event from the camera 111 via the network 105.
In some embodiments, the XR application 103a performs
the steps of the method 700 of FIG. 7. In some embodiments,
the XR application 103a can be implemented using hard-






