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Mesh-tracking to register mesh topology consistently in
time
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Y

Capturing video content including facial expression and body
actions using one or more video cameras and one ormore =2 gn5n
photography cameras.

Y
Implementing triggering. 2602
\
Generating content using the acquired video. 2604
Y
End
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PHOTO-VIDEO BASED
SPATTAL-TEMPORAL VOLUMETRIC
CAPTURE SYSTEM FOR DYNAMIC 4D
HUMAN FACE AND BODY DIGITIZATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
119(e) of the U.S. Provisional Patent Application Ser. No.
62/782,862, filed Dec. 20, 2018 and titled, “TIME EFFI-
CIENT VIDEO-BASED FACE AND BODY CAPTURE
SYSTEM FOR ALBEDO-READY VIRTUAL HUMAN
DIGITIZATION, 3D CG MODELING AND NATURAL
REENACTMENT,” which is hereby incorporated by refer-
ence in its entirety for all purposes.

FIELD OF THE INVENTION

[0002] The present invention relates to three dimensional
computer vision and graphics for the entertainment industry.
More specifically, the present invention relates to acquiring
and processing three dimensional computer vision and
graphics for film, TV, music and game content creation.

BACKGROUND OF THE INVENTION

[0003] In the movie/TV industry, physical cast is a major
portion of production cost. Moreover, when using a physical
cast, there is a risk of production delay due to injury/
accident, and a need of complex logistics and coordination
for travel. Recent trends show an increasing usage of a
digital human cast for virtual production. A digital cast
enables humanly impossible superhero actions without plac-
ing the real cast in risky stunt actions. However, such VFX
is high-cost and time-consuming, which only high-budget
sequel movies or TV shows can afford.

[0004] In the game industry, the pursuit of realistic game
play user experience continues. For the past 10 years, game
production cost has risen by x10. In 2020, average AAA
game production cost will reach an estimated $250 M,
similar to film budget. The biggest challenge of realistic
game play user experience is to create realistic game char-
acters within reasonable time/cost budget. Virtual human
creation is highly manual and time-consuming and expen-
sive. As an example, it costs $80-150K per character, and
easily adds up to millions of dollars for multiple characters.
[0005] Rather than hand-crafting CG artwork from
scratch, the recent trend is to efficiently create realistic
digital human model by multi-view camera 3D/4D scanners.
Various 3D scanner studios (3Lateral, Avatta, TEN24, Pixel
Light Effect, Eisko) and 4D scanner studio (4DViews,
Microsoft, 8i, DGene) exist world-wide for camera captured
based human digitization.

[0006] Photo based 3D scanner studio consists of multiple
array of high resolution photography cameras. It typically
requires manual CG works for animation as it fails to capture
natural surface dynamics. Video based 4D scanner (4D=3D+
time) studio consists of multiple array of high frame rate
machine vision cameras. It captures natural surface dynam-
ics, but it is limited fidelity due to resolution of video
camera.

SUMMARY OF THE INVENTION

[0007] The photo-video based spatial-temporal volumetric
capture system more efficiently produces high frame rate
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and high resolution 4D dynamic human videos, without a
need for 2 separate 3D and 4D scanner systems, and reduces
a need for manual CG works, by temporally up-sampling
resolution of 4D scanned video data from a temporally
sparse set of high-resolution 3D scanned keyframes that
capture human dynamics at lower frame rate rather than
single static template model at initialization (e.g. A or T
pose). Additionally, by utilizing triggering, the video acqui-
sition is optimized such that low resolution multi-view
videos are generally captured at high frame rate, but high
resolution multi-view photography cameras are captured
simultaneously with videos, but at lower frame rate. Key-
frames are defined as high resolution 3D scanned models
reconstructed using both photography and video cameras
that are triggered simultaneously at lower frame rate.

[0008] In one aspect, a method comprises capturing con-
tent using one or more photography cameras and one or
more video cameras, triggering, with a device, the one or
more photography cameras and the one or more video
cameras to acquire one or more keyframes and generating,
with the device, one or more models based on the captured
content and the one or more keyframes. Capturing the
content includes capturing facial expressions and/or body
actions. Triggering includes utilizing trigger timing to simul-
taneously generating triggers to the one or more photogra-
phy cameras and the one or more video cameras. Trigger
timing of the one or more photography cameras includes
periodic triggering. Trigger timing of the one or more
photography cameras includes utilizing a human observer to
detects a specific facial and/or body expression. Trigger
timing of the one or more photography cameras includes
automatically detecting a specific facial or body expression
by the device, the one or more photography cameras and/or
the one or more video cameras. The one or more models are
used to implement: mesh-tracking based temporal shape
super-resolution on low-resolution but high frame-rate
video-based 4D scanned volumetric sequence reined by
using high-resolution 3D scanned templates at multiple
keyframes, captured by both the one or more photography
cameras and the one or more video cameras, for recovering
high-resolution surface dynamics in a long action sequence.
The one or more models are used to implement: machine
learning based temporal texture super-resolution on low-
resolution but high frame-rate video-based 4D scanned
volumetric sequence refined by training high-resolution and
low-resolution UV texture pairs at multiple keyframes, at
each keyframe, a high-resolution UV texture map is gener-
ated using a photography camera’s image data, while a
low-resolution UV texture map is generated using a video
camera’s image data, and a same mesh topology is used such
that textures are collocated between high and low resolution
UV texture pairs for higher training efficiency. The method
further comprises generating computer graphics using the
content and the one or more models including the facial
expressions and body actions, wherein generating the com-
puter graphics includes utilizing keyframes of the content
and non-keyframes of the content to transition between the
keyframes.

[0009] In another aspect, an apparatus comprises a non-
transitory memory for storing an application, the application
for: implementing triggering to acquire one or more key-
frames, wherein trigger signals are sent to one or more
photography cameras and one or more video cameras and
generating one or more models based on the one or more
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keyframes and content captured from the one or more
photography cameras and the one or more video cameras
and a processor coupled to the memory, the processor
configured for processing the application. Triggering
includes utilizing trigger timing to simultaneously generat-
ing triggers to the one or more photography cameras and the
one or more video cameras. Trigger timing of the one or
more photography cameras includes periodic triggering.
Trigger timing of the one or more photography cameras
includes utilizing a human observer to detects a specific
facial and/or body expression. Trigger timing of the one or
more photography cameras includes automatically detecting
a specific facial or body expression by the device, the one or
more photography cameras and/or the one or more video
cameras. The one or more models are used to implement:
mesh-tracking based temporal shape super-resolution on
low-resolution but high frame-rate video-based 4D scanned
volumetric sequence refined by using high-resolution 3D
scanned templates at multiple keyframes, captured by both
the one or more photography cameras and the one or more
video cameras, for recovering high-resolution surface
dynamics in a long action sequence. The one or more models
are used to implement: machine learning based temporal
texture super-resolution on low-resolution but high frame-
rate video-based 3D volumetric sequence refined by training
high-resolution and low-resolution UV texture pairs at mul-
tiple keyframes, at each keyframe, a high-resolution UV
texture map is generated using a photography camera’s
image data, while a low-resolution UV texture map is
generated using video camera’s image data, and a same
mesh topology is used such that textures are collocated
between high and low resolution UV texture pairs for higher
training efficiency. The application is further configured for
generating computer graphics using the content and the one
or more models including the facial expressions and body
actions, wherein generating the computer graphics includes
utilizing keyframes of the content and non-keyframes of the
content to transition between the keyframes.

[0010] In another aspect, a system comprises a first set of
devices configured for capturing image content of a subject,
a second set of devices configured for capturing video
content of the subject; and a computing device configured
for: implementing triggering to acquire one or more key-
frames based on the image content and the video content and
generating one or more models based on the image content
and the video content and the one or more keyframes.
Capturing the content includes capturing facial expressions
and/or body actions. Triggering includes utilizing trigger
timing to simultaneously generating triggers to the one or
more photography cameras and the one or more video
cameras. Trigger timing of the one or more photography
cameras includes periodic triggering. Trigger timing of the
one or more photography cameras includes utilizing a
human observer to detects a specific facial and/or body
expression. Trigger timing of the one or more photography
cameras includes automatically detecting a specific facial or
body expression by the computing device, the first set of
devices and/or the second set of devices. The one or more
models are used to implement: mesh-tracking based tempo-
ral shape super-resolution on low-resolution but high frame-
rate video-based 4D scanned volumetric sequence refined by
using high-resolution 3D scanned templates at multiple
keyframes, captured by both the one or more photography
cameras and the one or more video cameras, for recovering
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high-resolution surface dynamics in a long action sequence.
The one or more models are used to implement: machine
learning based temporal texture super-resolution on low-
resolution but high frame-rate video-based 4D scanned
volumetric sequence refined by training high-resolution and
low-resolution UV texture pairs at multiple keyframes, at
each keyframe, a high-resolution UV texture map is gener-
ated using a photography camera’s image data, while a
low-resolution UV texture map is generated using video
camera’s image data, and a same mesh topology is used such
that textures are collocated between high and low resolution
UV texture pairs for higher training efficiency. The comput-
ing device is further configured for generating computer
graphics using the image content and the video content and
the one or more models including facial expressions and
body actions, wherein generating the computer graphics
includes utilizing keyframes of the content and non-key-
frames of the content to transition between the keyframes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates diagrams of a face capture system
and a body capture system according to some embodiments.
[0012] FIG. 2 illustrates a diagram of a triggering mecha-
nism according to some embodiments.

[0013] FIG. 3 illustrates a diagram of mesh tracking
according to some embodiments.

[0014] FIG. 4 illustrates a diagram of mesh-tracking based
temporal shape super-resolution according to sonic embodi-
ments.

[0015] FIG. 5 illustrates a diagram of machine learning
based texture super resolution according to some embodi-
ments.

[0016] FIG. 6 illustrates a flowchart of a method of
implementing a time efficient video-based frame-rate cap-
ture system according to some embodiments.

[0017] FIG. 7 illustrates a block diagram of an exemplary
computing device configured to implement the photo-video
based spatial-temporal volumetric capture system according
to some embodiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0018] A time-efficient but photorealistic 3D face and
body capture system is needed. As mentioned, one issue is
a time-consuming photo-image based 3D capture system
and resulting modeling and animation pipeline. Per each
facial expression (or body pose), a subject typically stays
still during sweeping under various conditions: e.g., across-
cameras, across various light directions, forcing the sub-
ject’s unnatural face/body expression. The subject repeats
this for various facial expressions or body poses (e.g., >10).
State of the art face capture light stage typically needs ~20
min capture time per facial expression. Once all data is
captured, CG animator clean-up, remesh static models at
each expression and create FACS (Face Action Coding
System) based dynamic animatable model for animation.
Since transition between expressions are not captured by 3D
scanner, CG animator typically hand-crafts detail surface
dynamics manually, and this workflow normally takes
months. 4D scanner is often used as a reference for anima-
tors, but typically cannot be used in FACS modeling pipe-
line, due to limited resolution of machine vision video based
4D scanners.
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[0019] FIG. 1 illustrates diagrams of a face capture system
and a body capture system according to some embodiments.
One or more photography cameras 100 acquire images. The
one or more photography cameras 100 are able to be
multi-view, high-resolution (e.g., 42 megapixels) photogra-
phy cameras (e.g., DSLR cameras), but the frame-rate is
typically limited (e.g., 2 fps). One or more video cameras
120 acquire video information. The one or more video
cameras are able to be multi-view high frame-rate machine
vision cameras 60 fps), but the resolution is limited (e.g., 8
megapixels). For example, the one or more photography
cameras 100 and the one or more video cameras 102 acquire
images and videos of a person where the video includes
various facial expressions and body movements.

[0020] A trigger mechanism 104 is implemented to simul-
taneously generate triggers to photography cameras and
video (machine vision) cameras. The trigger mechanism 104
is able to be implemented in any manner such as in an
application stored in the one or more photography cameras
100, the one or more video cameras 102, and/or one or more
computing devices 106. In some embodiments, where the
trigger mechanism 104 is controlled by the one or more
computing devices 106, the trigger mechanism 104 simul-
taneously sends triggers to the multi-view photography
cameras 100 and video cameras 102, while a higher trigger
rate is maintained with the video cameras (e.g. 2 fps for
photography cameras, 60 fps for video cameras).

[0021] In some embodiments, a keyframe is defined as a
frame when both photography and video cameras are trig-
gered simultaneously, and therefore, high-resolution 3D
template models are reconstructed. Other frames are defined
as non-keyframes when only lower resolution video cameras
are triggered, and so, reconstructed 4D models are up-
sampled using higher resolution 3D template keyframes.
[0022] Trigger timing of photography cameras includes 3
use cases: 1) Periodic (e.g., 2 fps): to up-sample video-based
lower-resolution 4D scanned volumetric sequence (e.g., 60
fps) between higher-resolution 3D scanned keyframes, 2)
Semi-automatic: when a human observer detects certain
facial or body expressions, 3) Automatic: when a specific
facial or body expression is detected by the computing
device, one or more photography cameras and/or one or
more video cameras (e.g., using template matching or any
other mechanism to detect expressions).

[0023] The one or more computing devices 106 initiate the
capture process and acquire a sequence of images/videos
from the one or more photography cameras 100 and the one
or more video cameras 102. The image/video information is
received at and/or transmitted to one or more computing
devices 106 where the video information is processed. For
example, the one or more computing devices 106 process the
video information and generate CO content (e.g., perform
modeling).

[0024] Using the multiple high-resolution 3D scanned
template keyframe models, the system is able to implement:
mesh-tracking based temporal shape super-resolution (up-
sampling) on low-resolution but high frame-rate video-
based 4D scanned volumetric sequence refined by using
high-resolution 3D templates at multiple keyframes, cap-
tured by both photography cameras 100 and video cameras
102, for recovering high-resolution surface dynamics in a
long action sequence. The system is also able to implement:
machine learning based temporal texture super-resolution
(up-sampling) on low-resolution but high frame-rate video-
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based 4D scanned volumetric sequence refined by training
high-resolution and low-resolution UV texture pairs simul-
taneously triggered and captured at multiple keyframes
(high-resolution texture from multi-view photography cam-
eras 100 and low-resolution texture from multi-view video
cameras 102).

[0025] FIG. 2 illustrates a diagram of a triggering mecha-
nism according to some embodiments. As discussed above,
a keyframe 200 is when both photography and video cam-
eras are triggered simultaneously, and therefore, high-reso-
Iution 3D template models are reconstructed. Non-key-
frames 202 are when only lower resolution video cameras
are triggered, and so, reconstructed 4D models are up-
sampled for refinement. Non-keyframes include a lower
resolution volumetric sequence, intended to be temporally
up-sampled using keyframes, by applying 1) mesh-tracking
based temporal shape super resolution, and 2) machine
learning based temporal texture super-resolution.

[0026] High-resolution 3D template models are recon-
structed at keyframes. Higher resolution shape reconstruc-
tion is possible, using both multi-view photography cameras
and machine vision cameras. High resolution and low reso-
Iution UV texture pairs are used as training dataset for
machine learning based texture super resolution.

[0027] Trigger timing of photography cameras includes
the following 3 use cases:

[0028] Periodic 2 fps): to up-sample video-based low-
resolution volumetric sequence (e.g., 60 fps) between key-
frames;

[0029] Semi-automatic: when human observer detects cer-
tain face or body expression;

[0030] Automatic: when specific face or body expression
is detected.
[0031] FIG. 3 illustrates a diagram of mesh tracking

according to sonic embodiments. Mesh tracking involves
registering mesh topology consistently in time.

[0032] FIG. 4 illustrates a diagram of mesh-tracking based
temporal shape super-resolution according to some embodi-
ments.

[0033] The left side of FIG. 4 shows a single template
based performance capture. There is no robust up-sampling
of detail surface dynamics. There are two separate stages of
3D and 4D scanning.

[0034] The right side of FIG. 4 shows multi-keyframes
based shape super resolution, which robustly adapts to detail
surface dynamics. The 4D scanner is combined with mul-
tiple 3D templates within a sequence.

[0035] FIG. 5 illustrates a diagram of machine learning
based texture super resolution according to some embodi-
ments.

[0036] The left side of FIG. 5 shows a single template
based performance capture. There is constant texture from a
single template based on a tracked mesh.

[0037] The right side of FIG. 5 shows machine learning
based texture super resolution, which adapts to texture
changes, and uses a multiple keyframe texture training
dataset within a sequence.

[0038] FIG. 6 illustrates a flowchart of a method of
implementing a photo-video based spatial-temporal volu-
metric capture system according to some embodiments. In
the step 600, content (e.g., image/video content) including
facial expression and body actions is captured using one or
more video cameras and one or more photography cameras.
In the step 602, triggering is implemented to acquire one or
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more keyframes. Triggering includes simultaneously gener-
ating triggers to the photography cameras and video cam-
eras. Trigger timing of photography cameras includes 3 use
cases: 1) Periodic (e.g., 2 fps): to up-sample lower resolution
video-based 4D scanned volumetric sequence (e.g., 60 fps)
between keyframe higher resolution 3D template models, 2)
Semi-automatic: when a human observer detects certain
facial or body expressions, 3) Automatic: when a specific
facial or body expression is detected by the computing
device (e.g., using template matching, machine learning,
and/or any other mechanism to detect expressions). In the
step 604, content is generated using the acquired video. For
example, using the acquired content, a CG avatar is able to
be deployed in a movie or other video. Generating the
content is able to include generating multiple high-resolu-
tion template models. Using the multiple high-resolution
template models, the system is able to implement: mesh-
tracking based temporal shape super-resolution (up-sam-
pling) on low-resolution but high frame-rate video-based 4D
scanned volumetric sequence refined by using high-resolu-
tion templates at multiple keyframes, captured by both
photography cameras and video cameras, for recovering
high-resolution surface dynamics in a long action sequence.
The system is also able to implement: machine learning
based temporal texture super-resolution (up-sampling) on
low-resolution but high frame-rate video-based volumetric
sequence refined by training high-resolution and low-reso-
Iution UV texture pairs triggered and captured simultane-
ously at multiple keyframes (high-resolution texture from
multi-view photography cameras and low-resolution texture
from multi-view video cameras). In some embodiments,
fewer or additional steps are implemented. In some embodi-
ments, the order of the steps is modified.

[0039] FIG. 7 illustrates a block diagram of an exemplary
computing device configured to implement the photo-video
based spatial-temporal volumetric capture system according
to some embodiments. The computing device 700 is able to
be used to acquire, store, compute, process, communicate
and/or display information such as images and videos
including 3D content. The computing device 700 is able to
implement any of the time efficient video-based frame-rate
capture system aspects. In general, a hardware structure
suitable for implementing the computing device 700
includes a network interface 702, a memory 704, a processor
706, /O device(s) 708, a bus 710 and a storage device 712.
The choice of processor is not critical as long as a suitable
processor with sufficient speed is chosen. The memory 704
is able to be any conventional computer memory known in
the art. The storage device 712 is able to include a hard
drive, CDROM, CDRW, DVD, DVDRW, High Definition
disc/drive, ultra-HD drive, flash memory card or any other
storage device. The computing device 700 is able to include
one or more network interfaces 702. An example of a
network interface includes a network card connected to an
Ethernet or other type of LAN. The I/O device(s) 708 are
able to include one or more of the following: keyboard,
mouse, monitor, screen, printer, modem, touchscreen, button
interface and other devices. Photo-video based spatial-tem-
poral volumetric capture application(s) 730 used to imple-
ment the photo-video based spatial-temporal volumetric
capture system are likely to be stored in the storage device
712 and memory 704 and processed as applications are
typically processed. More or fewer components shown in
FIG. 7 are able to be included in the computing device 700.
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In some embodiments, photo-video based spatial-temporal
volumetric capture hardware 720 is included. Although the
computing device 700 in FIG. 7 includes applications 730
and hardware 720 for the photo-video based spatial-tempo-
ral volumetric capture system, the photo-video based spa-
tial-temporal volumetric capture system is able to be imple-
mented on a computing device in hardware, firmware,
software or any combination thereof. For example, in some
embodiments, the photo-video based spatial-temporal volu-
metric capture applications 730 are programmed in a
memory and executed using a processor. In another
example, in some embodiments, the photo-video based
spatial-temporal volumetric capture hardware 720 is pro-
grammed hardware logic including gates specifically
designed to implement the photo-video based spatial-tem-
poral volumetric capture system.

[0040] In some embodiments, the photo-video based spa-
tial-temporal volumetric capture application(s) 730 include
several applications and/or modules. In some embodiments,
modules include one or more sub-modules as well. In some
embodiments, fewer or additional modules are able to be
included.

[0041] In some embodiments, the photo-video based spa-
tial-temporal volumetric capture hardware 720 includes
camera components such as a lens, an image sensor, and/or
any other camera components.

[0042] Examples of suitable computing devices include a
personal computer, a laptop computer, a computer worksta-
tion, a server, a mainframe computer, a handheld computer,
a personal digital assistant, a cellular/mobile telephone, a
smart appliance, a gaming console, a digital camera, a digital
camcorder, a camera phone, a smart phone, a portable music
player, a tablet computer, a mobile device, a video player, a
video disc writer/player (e.g., DVD writer/player, high defi-
nition disc writer/player, ultra high definition disc writer/
player), a television, a home entertainment system, an aug-
mented reality device, a virtual reality device, smart jewelry
(e.g., smart watch), a vehicle (e.g., a self-driving vehicle) or
any other suitable computing device.

[0043] To utilize the photo-video based spatial-temporal
volumetric capture system described herein, a device
acquires video content using triggering to capture image and
video content. The photo-video based spatial-temporal volu-
metric capture system is able to be implemented with user
assistance or automatically without user involvement. Any
number of cameras are able to be utilized to implement the
photo-video based spatial-temporal volumetric system.
[0044] In operation, the photo-video based spatial-tempo-
ral volumetric capture system creates high frame rate as well
as high resolution 4D scanned human dynamic volumetric
videos by acquiring photography images and videos simul-
taneously and by up-sampling lower resolution 4D scanned
video from higher resolution 3D scanned keyframe template
models reconstructed using both photography cameras and
video cameras. The photo-video based spatial-temporal
volumetric capture system generates multiple high-resolu-
tion template models within the sequence for offline shape
and texture super resolution. Using the multiple keyframe
high-resolution template models, the system allows: mesh-
tracking based temporal shape super resolution to recover
high-resolution surface dynamics in a long action sequence.
A typical performance capture system has a limited ability of
recovering surface dynamics (e.g., outfit) from single tem-
plate (e.g., A-pose). The system described herein is able to
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provide multiple keyframe datasets of high-resolution and
low-resolution UV texture pairs for training.

Some Embodiments of Photo-Video Based
Spatial-Temporal Volumetric Capture System for Dynamic
4D Human Face and Body Digitization

[0045] 1. A method comprising:

[0046] capturing content using one or more photog-
raphy cameras and one or more video cameras;

[0047] triggering, with a device, the one or more
photography cameras and the one or more video
cameras to acquire one or more keyframes; and

[0048] generating, with the device, one or more mod-
els based on the captured content and the one or more
keyframes.

[0049] 2. The method of clause 1 wherein capturing the
content includes capturing facial expressions and/or
body actions.

[0050] 3. The method of clause 1 wherein triggering
includes utilizing trigger timing to simultaneously gen-
erating triggers to the one or more photography cam-
eras and the one or more video cameras.

[0051] 4. The method of clause 3 wherein trigger timing
of the one or more photography cameras includes
periodic triggering.

[0052] 5. The method of clause 3 wherein trigger timing
of the one or more photography cameras includes
utilizing a human observer to detects a specific facial
and/or body expression.

[0053] 6. The method of clause 3 wherein trigger timing
of the one or more photography cameras includes
automatically detecting a specific facial or body expres-
sion by the device, the one or more photography
cameras and/or the one or more video cameras.

[0054] 7. The method of clause 1 wherein the one or
more models are used to implement: mesh-tracking
based temporal shape super-resolution on low-resolu-
tion but high frame-rate video-based 4D scanned volu-
metric sequence refined by using high-resolution 3D
scanned templates at multiple keyframes, captured by
both the one or more photography cameras and the one
or more video cameras, for recovering high-resolution
surface dynamics in a long action sequence.

[0055] 8. The method of clause 1 wherein the one or
more models are used to implement: machine learning
based temporal texture super-resolution on low-resolu-
tion but high frame-rate video-based 4D scanned volu-
metric sequence refined by training high-resolution and
low-resolution UV texture pairs at multiple keyframes,
at each keyframe, a high-resolution UV texture map is
generated using a photography camera’s image data,
while a low-resolution UV texture map is generated
using video camera’s image data, and a same mesh
topology is used such that textures are collocated
between high and low resolution UV texture pairs for
higher training efficiency.

[0056] 9. The method of clause 1 further comprising
generating computer graphics using the content and the
one or more models including the facial expressions
and body actions, wherein generating the computer
graphics includes utilizing keyframes of the content
and non-keyframes of the content to transition between
the keyframes.
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[0057] 10. An apparatus comprising:

[0058] a non-transitory memory for storing an appli-
cation, the application for:

[0059] implementing triggering to acquire one or
more keyframes, wherein trigger signals are sent
to one or more photography cameras and one or
more video cameras; and

[0060] generating one or more models based on the
one or more keyframes and content captured from
the one or more photography cameras and the one
or more video cameras; and

[0061] a processor coupled to the memory, the pro-
cessor configured for processing the application.

[0062] 11. The apparatus of clause 10 wherein trigger-
ing includes utilizing trigger timing to simultaneously
generating triggers to the one or more photography
cameras and the one or more video cameras.

[0063] 12. The apparatus of clause 11 wherein trigger
timing of the one or more photography cameras
includes periodic triggering.

[0064] 13. The apparatus of clause 11 wherein trigger
timing of the one or more photography cameras
includes utilizing a human observer to detects a specific
facial and/or body expression.

[0065] 14. The apparatus of clause 11 wherein trigger
timing of the one or more photography cameras
includes automatically detecting a specific facial or
body expression by the device, the one or more pho-
tography cameras and/or the one or more video cam-
eras.

[0066] 15. The apparatus of clause 10 wherein the one
or more models are used to implement: mesh-tracking
based temporal shape super-resolution on low-resolu-
tion but high frame-rate video-based 4D scanned volu-
metric sequence refined by using high-resolution 3D
scanned templates at multiple keyframes, captured by
both the one or more photography cameras and the one
or more video cameras, for recovering high-resolution
surface dynamics in a long action sequence.

[0067] 16. The apparatus of clause 10 wherein the one
or more models are used to implement: machine learn-
ing based temporal texture super-resolution on low-
resolution but high frame-rate video-based 4D scanned
volumetric sequence refined by training high-resolution
and low-resolution UV texture pairs at multiple key-
frames, at each keyframe, a high-resolution UV texture
map is generated using a photography camera’s image
data, while a low-resolution UV texture map is gener-
ated using video camera’s image data, and a same mesh
topology is used such that textures are collocated
between high and low resolution UV texture pairs for
higher training efficiency.

[0068] 17. The apparatus of clause 10 wherein the
application is further configured for generating com-
puter graphics using the content and the one or more
models including the facial expressions and body
actions, wherein generating the computer graphics
includes utilizing keyframes of the content and non-
keyframes of the content to transition between the
keyframes.

[0069] 18. A system comprising:

[0070] a first set of devices configured for capturing
image content of a subject;

[0071] a second set of devices configured for captur-
ing video content of the subject; and
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[0072] a computing device configured for:

[0073] implementing triggering to acquire one or
more keyframes based on the image content and
the video content; and

[0074] generating one or more models based on the
image content and the video content and the one or
more keyframes.

[0075] 19. The system of clause 18 wherein capturing
the content includes capturing facial expressions and/or
body actions.

[0076] 20. The system of clause 18 wherein triggering
includes utilizing trigger timing to simultaneously gen-
erating triggers to the one or more photography cam-
eras and the one or more video cameras.

[0077] 21. The system of clause 20 wherein trigger
timing of the one or more photography cameras
includes periodic triggering.

[0078] 22. The system of clause 20 wherein trigger
timing of the one or more photography cameras
includes utilizing a human observer to detects a specific
facial and/or body expression.

[0079] 23. The system of clause 20 wherein trigger
timing of the one or more photography cameras
includes automatically detecting a specific facial or
body expression by the computing device, the first set
of devices and/or the second set of devices.

[0080] 24. The system of clause 18 wherein the one or
more models are used to implement: mesh-tracking
based temporal shape super-resolution on low-resolu-
tion but high frame-rate video-based 4D scanned volu-
metric sequence refined by using high-resolution 3D
scanned templates at multiple keyframes, captured by
both the one or more photography cameras and the one
or more video cameras, for recovering high-resolution
surface dynamics in a long action sequence.

[0081] 25. The system of clause 18 wherein the one or
more models are used to implement: machine learning
based temporal texture super-resolution on low-resolu-
tion but high frame-rate video-based 4D scanned volu-
metric sequence refined by training high-resolution and
low-resolution UV texture pairs at multiple keyframes,
at each keyframe, a high-resolution UV texture map is
generated using a photography camera’s image data,
while a low-resolution UV texture map is generated
using video camera’s image data, and a same mesh
topology is used such that textures are collocated
between high and low resolution UV texture pairs for
higher training efficiency.

[0082] 26. The system of clause 18 wherein the com-
puting device is further configured for generating com-
puter graphics using the image content and the video
content and the one or more models including facial
expressions and body actions, wherein generating the
computer graphics includes utilizing keyframes of the
content and non-keyframes of the content to transition
between the keyframes.

What is claimed is:

1. A method comprising:

capturing content using one or more photography cameras
and one or more video cameras;

triggering, with a device, the one or more photography
cameras and the one or more video cameras to acquire
one or more keyframes; and
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generating, with the device, one or more models based on

the captured content and the one or more keyframes.

2. The method of claim 1 wherein capturing the content
includes capturing dynamic facial expressions and/or
dynamic body actions.

3. The method of claim 1 wherein triggering includes
utilizing trigger timing to simultaneously generating triggers
to the one or more photography cameras and the one or more
video cameras.

4. The method of claim 3 wherein trigger tinning of the
one or more photography. cameras includes periodic trig-
gering.

5. The method of claim 3 wherein trigger timing of the
one or more photography cameras includes utilizing a
human observer to detects a specific facial and/or body
expression.

6. The method of claim 3 wherein trigger timing of the
one or more photography cameras includes automatically
detecting a specific facial or body expression by the device,
the one or more photography cameras and/or the one or more
video cameras.

7. The method of claim 1 wherein the one or more models
are used to implement: mesh-tracking based temporal shape
super-resolution on low-resolution but high frame-rate
video-based 4D scanned volumetric sequence refined by
using 3D scanned high-resolution templates at multiple
keyframes, captured by both the one or more photography
cameras and the one or more video cameras, for recovering
high-resolution surface dynamics in a long action sequence.

8. The method of claim 1 wherein the one or more models
are used to implement: machine learning based temporal
texture super-resolution on low-resolution but high frame-
rate video-based 4D scanned volumetric sequence refined by
training high-resolution and low-resolution UV texture pairs
at multiple keyframes, at each keyframe, a high-resolution
UV texture map is generated using a photography camera’s
image data, while a low-resolution UV texture map is
generated using a video camera’s image data, and a same
mesh topology is used such that textures are collocated
between high and low resolution UV texture pairs for higher
training efficiency.

9. The method of claim 1 further comprising generating
computer graphics using the content and the one or more
models including the facial expressions and body actions,
wherein generating the computer graphics includes utilizing
keyframes of the content and non-keyframes of the content
to transition between the keyframes.

10. An apparatus comprising:

a non-transitory memory for storing an application, the

application for:

implementing triggering to acquire one or more key-
frames, wherein trigger signals are sent to one or
more photography cameras and one or more video
cameras; and

generating one or more models based on the one or
more keyframes and content captured from the one
or more photography cameras and the one or more
video cameras; and

a processor coupled to the memory, the processor con-

figured for processing the application.

11. The apparatus of claim 10 wherein triggering includes
utilizing trigger timing to simultaneously generating triggers
to the one or more photography cameras and the one or more
video cameras.
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12. The apparatus of claim 11 wherein trigger timing of
the one or more photography cameras includes periodic
triggering.

13. The apparatus of claim 11 wherein trigger timing of
the one or more photography cameras includes utilizing a
human observer to detects a specific facial and/or body
expression.

14. The apparatus of claim 11 wherein trigger timing of
the one or more photography cameras includes automati-
cally detecting a specific facial or body expression by the
device, the one or more photography cameras and/or the one
or more video cameras.

15. The apparatus of claim 10 wherein the one or more
models are used to implement: mesh-tracking based tempo-
ral shape super-resolution on low-resolution but high frame-
rate video-based 4D scanned volumetric sequence refined by
using high-resolution 3D scanned templates at multiple
keyframes, captured by both the one or more photography
cameras and the one or more video cameras, for recovering
high-resolution surface dynamics in a long action sequence.

16. The apparatus of claim 10 wherein the one or more
models are used to implement: machine learning based
temporal texture super-resolution on low-resolution but high
frame-rate video-based 4D scanned volumetric sequence
refined by training high-resolution and low-resolution UV
texture pairs at multiple keyframes, at each keyframe, a
high-resolution UV texture map is generated using a pho-
tography camera’s image data, while a low-resolution UV
texture map is generated using a video camera’s image data,
and a same mesh topology is used such that textures are
collocated between high and low resolution UV texture pairs
for higher training efficiency.

17. The apparatus of claim 10 wherein the application is
further configured for generating computer graphics using
the content and the one or more models including the facial
expressions and body actions, wherein generating the com-
puter graphics includes utilizing keyframes of the content
and non-keyframes of the content to transition between the
keyframes.

18. A system comprising:

a first set of devices configured for capturing image

content of a subject;

a second set of devices configured for capturing video

content of the subject; and

a computing device configured for:

implementing triggering to acquire one or more key-
frames based on the image content and the video
content; and
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generating one or more models based on the image
content and the video content and the one or more
keyframes.

19. The system of claim 18 wherein capturing the content
includes capturing facial expressions and/or body actions.

20. The system of claim 18 wherein triggering includes
utilizing trigger timing to simultaneously generating triggers
to the one or more photography cameras and the one or more
video cameras.

21. The system of claim 20 wherein trigger timing of the
one or more photography cameras includes periodic trigger-
ing. cameras includes utilizing a human observer to detects
a specific facial and/or body expression.

23. The system of claim 20 wherein trigger timing of the
one or more photography cameras includes automatically
detecting a specific facial or body expression by the com-
puting device, the first set of devices and/or the second set
of devices.

24. The system of claim 18 wherein the one or more
models are used to implement: mesh-tracking based tempo-
ral shape super-resolution on low-resolution but high frame-
rate video-based 4D scanned volumetric sequence refined by
using high-resolution 3D scanned templates at multiple
keyframes, captured by both the one or more photography
cameras and the one or more video cameras, for recovering
high-resolution surface dynamics in a long action sequence.

25. The system of claim 18 wherein the one or more
models are used to implement: machine learning based
temporal texture super-resolution on low-resolution but high
frame-rate video-based 4D scanned volumetric sequence
refined by training high-resolution and low-resolution UV
texture pairs at multiple keyframes, at each keyframe, a
high-resolution UV texture map is generated using a pho-
tography camera’s image data, while a low-resolution UV
texture map is generated using video camera’s image data,
and a same mesh topology is used such that textures are
collocated between high and low resolution UV texture pairs
for higher training efficiency.

26. The system of claim 18 wherein the computing device
is further configured for generating computer graphics using
the image content and the video content and the one or more
models including facial expressions and body actions,
wherein generating the computer graphics includes utilizing
keyframes of the content and non-keyframes of the content
to transition between the keyframes.
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