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HEADSET WITH STRAIN GAUGE
EXPRESSION RECOGNITION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/106,861, filed Jan. 23, 2015, which
is incorporated by reference in its entirety.

BACKGROUND

[0002] Thepresentinvention generally relates to the field of
capturing facial expressions of users wearing a head-mounted
display (HMD).

[0003] The recent introduction of consumer-level HMDs
has led to a revival in virtual reality and is drawing wide
interest from consumers for gaming and online virtual
worlds. With the help of existing motion capture and hand
tracking technologies, users can navigate and perform actions
in fully immersive virtual environments. But users lack a
technological solution for face-to-face communication that
conveys compelling facial expressions and emotions in vir-
tual environments.

[0004] Facial animation has been mostly dominated by
optical capture systems that use cameras or depth sensors.
Methods for facial representations, tracking, mapping, and
animation have been developed, greatly impacting film and
game production. However, because a typical face is more
than 60% occluded by a HIVID, established optical sensing
methods that achieve the desired facial tracking quality fail to
capture nearly the entire upper face.

SUMMARY

[0005] Embodiments of the invention use a plurality of
deformation sensors in direct or indirect contact with various
different locations on an upper portion of a user’s face. For
example, the HMD includes a liner formed around a periph-
ery of the HIVID and adapted for direct or indirect contact
with an upper portion of a user’s face. The deformation sen-
sors are attached along the liner and configured to measure
deformations of the liner caused, for example, by movement
of the upper portion of a user’s face when the user is wearing
the HIVID. In one embodiment, the deformation sensors are
strain gauges that translate muscle movements of the upper
face of the user to changes in the bending strain and radius of
curvature on the surface of the strain gauges.

[0006] The HIVID is accompanied by a module that
projects a facial animation model of the user from deforma-
tion sensor signals while the HIVID is in use by the user. The
module generates a trained model for mapping a set of defor-
mation sensor signals to a set of animation parameters. The
set of animation parameters determines the facial animation
model of the user’s face that is projected onto the virtual
reality environment of the HIVID. While the HIVID is in use,
the trained model is used to reconstruct a facial animation
model of the user from deformation sensor signals that reflect
muscle movement of the user’s face. The facial animation
model can then be provided to a software application being
used by the user to project the user’s facial expression in the
virtual reality environment, among other applications.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram of a system environment
including a virtual reality system, in accordance with an
embodiment.

[0008] FIG. 2 is a wire diagram of a virtual reality headset,
in accordance with an embodiment.

[0009] FIG. 3 is a wire diagram of an embodiment of the
front rigid body of the VR headset shown in FIG. 2 having a
plurality of deformation sensors, in accordance with an
embodiment.

[0010] FIG. 4 is a circuit diagram showing a configuration
for measuring the electrical resistance of the deformation
sensors, in accordance with an embodiment.

[0011] FIG. 5isa wire diagram of a camera attached to the
VR headset shown in FIG. 2, in accordance with an embodi-
ment.

[0012] FIG. 6 is a block diagram illustrating the facial ani-
mation module implemented by the virtual reality console, in
accordance with an embodiment.

[0013] The figures depict various embodiments of the
present invention for purposes of illustration only. One skilled
in the art will readily recognize from the following discussion
that alternative embodiments of the structures and methods
illustrated herein may be employed without departing from
the principles of the invention described herein.

DETAILED DESCRIPTION

Overview

[0014] FIG. 1 is a block diagram of a virtual reality (VR)
system environment 100 in which a VR console 110 operates.
The system environment 100 shown by FIG. 1 comprises a
VR headset 105, an imaging device 135, a deformation sensor
reader 170, a camera 175, and a VR input interface 140 that
are each coupled to the VR console 110. While FIG. 1 shows
an example system 100 including one VR headset 105, one
imaging device 135, one deformation sensor reader 170, one
camera 175, and one VR input interface 140, in other embodi-
ments any number of these components may be included in
the system 100. For example, there may be multiple VR
headsets 105 each having an associated VR input interface
140 and being monitored by one or more imaging devices
135, with each VR headset 105, VR input interface 140, and
imaging devices 135 communicating with the VR console
110. In alternative configurations, different and/or additional
components may be included in the system environment 100.

[0015] The VR headset 105 is a head-mounted display
(HMD) that presents media to a user. Examples of media
presented by the VR head set include one or more images,
video, audio, or some combination thereof. An embodiment
of the VR headset 105 is further described below in conjunc-
tion with FIGS. 2 and 3. The VR headset 105 may comprise
one or more rigid bodies, which may be rigidly or non-rigidly
coupled to each other together. A rigid coupling between rigid
bodies causes the coupled rigid bodies to act as a single rigid
entity. In contrast, a non-rigid coupling between rigid bodies
allows the rigid bodies to move relative to each other.
[0016] The VR headset 105 includes an optics block 118,
one or more locators 120, one or more position sensors 125,
an inertial measurement unit (IMU) 130, and a plurality of
deformation sensors 165.
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[0017] The electronic display 115 displays images to the
user in accordance with data received from the VR console
110.

[0018] The optics block 118 magnifies received light, cor-
rects optical errors associated with the image light, and pre-
sents the corrected image light to a user of the VR headset
105. In various embodiments, the optics block 118 includes
one or more optical elements. Example optical elements
included in the optics block 118 include: an aperture, a
Fresnel lens, a convex lens, a concave lens, a filter, or any
other suitable optical element that affects image light. More-
over, the optics block 118 may include combinations of dif-
ferent optical elements. In some embodiments, one or more of
the optical elements in the optics block 118 may have one or
more coatings, such as anti-reflective coatings.

[0019] Thelocators 120 are objects located in specific posi-
tions on the VR headset 105 relative to one another and
relative to a specific reference point on the VR headset 105. A
locator 120 may be a light emitting diode (LED), a corner
cube reflector, a reflective marker, a type of light source that
contrasts with an environment in which the VR headset 105
operates, or some combination thereof. In embodiments
where the locators 120 are active (i.e., an LED or other type of
light emitting device), the locators 120 may emit light in the
visible band (~380 nm to 750 nm), in the infrared (IR) band
(~750nm to 1 mm), in the ultraviolet band (10 nm to 380 nm),
in some other portion of the electromagnetic spectrum, or in
some combination thereof.

[0020] The IMU 130 is an electronic device that generates
fast calibration data indicating an estimated position of the
VR headset 105 relative to an initial position of the VR
headset 105 based on measurement signals received from one
or more of the position sensors 125. A position sensor 125
generates one or more measurement signals in response to
motion of the VR headset 105. Examples of position sensors
125 include: one or more accelerometers, one or more gyro-
scopes, one or more magnetometers, another suitable type of
sensor that detects motion, a type of sensor used for error
correction of the IMU 130, or some combination thereof, The
position sensors 125 may be located external to the IMU 130,
internal to the IMU 130, or some combination thereof,
[0021] The plurality of deformation sensors 165 capture
facial movement of an upper portion of the user’s face and are
attached along a periphery of the VR headset 105. The defor-
mation sensors 165 are in indirect or direct contact with the
upper face of the user. An embodiment of the plurality of
deformation sensors 165 is further described below in con-
junction with FIG. 3. In one particular embodiment referred
to throughout the remainder of the specification, each of the
plurality of deformation sensors 165 are strain gauges in
which a change in surface strain of the sensor as it is bent or
flattened leads to a change in electrical resistance of the
sensor. It is appreciated, however, that in other embodiments
the deformation sensors 165 are alternatively and/or addition-
ally include other sensors, such as capacitive sensors, induc-
tive sensors, or electroencephalogram (EEG) sensors. The
plurality of deformation sensors 165 may also be embedded
with electrooculography (EOG) sensors for tracking and
measuring eye movement of the user.

[0022] The imaging device 135 generates slow calibration
data in accordance with calibration parameters received from
the VR console 110. Slow calibration data includes one or
more images showing observed positions of the locators 120
that are detectable by the imaging device 135. The imaging

Jul. 28, 2016

device 135 may include one or more cameras, one or more
video cameras, any other device capable of capturing images
including one or more of the locators 120, or some combina-
tion thereof. Additionally, the imaging device 135 may
include one or more filters (e.g., for increasing signal to noise
ratio). The imaging device 135 is configured to detect light
emitted or reflected from locators 120 in a field of view of the
imaging device 135. In embodiments where the locators 120
include passive elements (e.g., a retroreflector), the imaging
device 135 may include a light source that illuminates some
or all of the locators 120, which retro-reflect the light towards
the light source in the imaging device 135. Slow calibration
data is communicated from the imaging device 135 to the VR
console 110, and the imaging device 135 receives one or more
calibration parameters from the VR console 110 to adjust one
or more imaging parameters (e.g., focal length, focus, frame
rate, ISO, sensor temperature, shutter speed, aperture, etc.).
[0023] The VR input interface 140 is a device that allows a
user to send action requests to the VR console 110. An action
request is a request to perform a particular action. For
example, an action request may be to start or to end an
application or to perform a particular action within the appli-
cation. The VR input interface 140 may include one or more
input devices. Example input devices include a keyboard, a
mouse, a game controller, a joystick, a yoke, or any other
suitable device for receiving action requests and communi-
cating the received action requests to the VR console 110. An
action request received by the VR input interface 140 is com-
municated to the VR console 110, which performs an action
corresponding to the action request. In some embodiments,
the VR input interface 140 may provide haptic feedback to the
user in accordance with instructions received from the VR
console 110. For example, haptic feedback is provided when
an action request is received, or the VR console 110 commu-
nicates instructions to the VR input interface 140 causing the
VR input interface 140 to generate haptic feedback when the
VR console 110 performs an action.

[0024] The deformation sensor reader 170 is connected to
each of the deformation sensors 165 and translates changes in
shape or other measurement quantities of the deformation
sensors 165 into electrical deformation sensor signals for use
in the facial animation module 160 of the virtual reality con-
sole 110.

[0025] The camera 175 includes one or more cameras used
to generate an optical map of at least a portion of the user’s
face. The optical map includes a plurality of optical signals
corresponding to various locations of the tracked portion of
the user’s face. An embodiment of the camera 175 is further
described below in conjunction with FIG. 5. In one particular
embodiment referred to throughout the remainder of the
specification, the camera 175 includes an infrared (IR) cam-
era and a RGB-color camera, as well as an IR coded light
projection system. In such an embodiment, the optical signals
include a plurality of depth and image signals corresponding
to various locations of the tracked portion of the user’s face.
It is appreciated, however, that in other embodiments the
camera 175 alternatively and/or additionally includes other
cameras that generate an optical map of the user’s face. For
example, the camera 175 may include laser-based depth sens-
ing cameras. The camera 175 provides the optical map foruse
in the facial animation module 160 of the virtual reality con-
sole 110.

[0026] The VR console 110 provides content to the VR
headset 105 for presentation to the user in accordance with



US 2016/0216760 A1l

information received from one or more of: the imaging device
135, the VR headset 105, the VR input interface 140, the
deformation sensor reader 170, and the camera 175. In the
example shown in FIG. 1, the VR console 110 includes an
application store 145, a tracking module 150, a virtual reality
(VR) engine 155, and a facial animation module 160. Some
embodiments of the VR console 110 have different compo-
nents than those described in conjunction with FIG. 1. Simi-
larly, the functions further described below may be distrib-
uted among components of the VR console 110 in a different
manner than is described here.

[0027] The application store 145 stores one or more appli-
cations for execution by the VR console 110. An application
is a group of instructions, that when executed by a processor,
generates content for presentation to the user. Content genet-
ated by an application may be in response to inputs received
from the user via movement of the VR headset 105 or the VR
interface device 140. Examples of applications include gam-
ing applications, conferencing applications, video playback
application, or other suitable applications.

[0028] Thetracking module 150 calibrates the system envi-
ronment 100 using one or more calibration parameters and
may adjust one or more calibration parameters to reduce error
in determination of the position of the VR headset 105. For
example, the tracking module 150 adjusts the focus of the
imaging device 135 to obtain a more accurate position for
observed locators on the VR headset 105. Moreover, calibra-
tion performed by the tracking module 150 also accounts for
information received from the IMU 130. Additionally, if
tracking of the VR headset 105 is lost (e.g., the imaging
device 135 loses line of sight of at least a threshold number of
the locators 120), the tracking module 140 re-calibrates some
or all of the system environment 100.

[0029] TheVR engine 155 executes applications within the
system environment 100 and receives position information,
acceleration information, velocity information, predicted
future positions, or some combination thereof, of the VR
headset 105 from the tracking module 150. Based on the
received information, the VR engine 155 determines content
to provide to the VR headset 105 for presentation to the user.
For example, if the received information indicates that the
user has looked to the left, the VR engine 155 generates
content for the VR headset 105 that mirrors the user’s move-
ment in a virtual environment. Additionally, the VR engine
155 performs an action within an application executing on the
VR console 110 in response to an action request received
from the VR input interface 140 and provides feedback to the
user that the action was performed. The provided feedback
may be visual or audible feedback via the VR headset 105 or
haptic feedback via the VR input interface 140.

[0030] The facial animation module 160 projects a facial
animation of a user onto the virtual reality environment while
the user is wearing or using the VR headset 105. The facial
animation module 160 receives deformation sensor signals
from the deformation sensor reader 170 and/or an optical map
of a portion of the user’s face from the camera 175, and
translates these signals to a facial animation model of the user
for display in the virtual reality environment. An embodiment
of the facial animation module 160 is described below in
further detail in conjunction with FIG. 6.

Virtual Reality Headset

[0031] FIG. 2 is a wire diagram of a virtual reality (VR)
headset 200, in accordance with an embodiment. The VR
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headset 200 is an embodiment of the VR headset 105, and
includes a front rigid body 205 and a band 210. The front rigid
body 205 includes one or more electronic display elements of
the electronic display 115 (not shown), the IMU 130, the one
or more position sensors 125, the locators 120, and a liner 225
around the periphery of the front rigid body 205. In the
embodiment shown by FIG. 2, the position sensors 125 are
located within the IMU 130, and neither the IMU 130 nor the
position sensors 125 are visible to the user.

[0032] Thelocators 120 are located in fixed positions on the
front rigid body 205 relative to one another and relative to a
reference point 215. In the example of FIG. 2, the reference
point 215 is located at the center of the IMU 130. Fach of the
locators 120 emit light that is detectable by the imaging
device 135. Locators 120, or portions of locators 120, are
located on a front side 220A, a top side 220B, a bottom side
220C, aright side 220D, and a left side 220F of the front rigid
body 205 in the example of F1G. 2.

[0033] FIG. 3 is a wire diagram of an embodiment of the
front rigid body 205 ofthe VR headset shown in FIG. 2 having
a plurality of deformation sensors 165, in accordance with an
embodiment. The front rigid body 205 includes a liner 225
and a plurality of deformation sensors 165 along a plurality of
locations of the liner 225. The liner 225 is formed around a
periphery of the front rigid body 205 of the VR headset 200.
The liner 225 is adapted for direct or indirect contact with an
upper portion of a user’s face. In one embodiment, the liner
225 may be formed of foam. The plurality of deformation
sensors 165 are securely attached along a plurality of loca-
tions along the liner 225, and capture deformations of the
liner 225 caused by movement of the user’s upper face when
the user is wearing the VR headset 200. The degree of defor-
mation of the liner 225 is represented by the degree of bend-
ing strain and radius of curvature of the deformation sensors
165. The bending strain and radius of curvature are directly
related to the electrical resistance of the deformation sensors
165.

Deformation Sensor Reader

[0034] The deformation sensor reader 170 is connected to
each of the deformation sensors 165, and includes a configu-
ration that translates characteristic properties of the deforma-
tion sensors 165 to electrical deformation sensor signals for
use in the facial animation module 160. In one embodiment,
the deformation sensor reader 170 includes a plurality of
three-wire Wheatstone bridge circuits connected to each of
the deformation sensors 165. Each Wheatstone bridge circuit
translates the bending strain or radius of curvature of a defor-
mation sensor 165 to an output voltage of the Wheatstone
bridge circuitdirectly related to the electrical resistance of the
deformation sensor 165.

[0035] FIG. 4 is a circuit diagram showing a three-wire
Wheatstone bridge configuration used to measure the electri-
cal resistance of the deformation sensors 165, according to
one embodiment. In the circuit diagram of F1G. 4, R ; denotes
the resistance of a deformation sensor 165, R denotes a resis-
tive element with a known resistance value, & denotes the
resistance of the wire, V - denotes the excitation voltage, and
V, denotes the measured output voltage. The output voltage
V, of the Wheatstone bridge circuit as a function of the
electrical resistance of the deformation sensor 165 is given
by:
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V—(l R¢ ]V
v=l3- ger)er

In such an embodiment, the deformation sensor signals are
the measured output voltages V, of the Wheatstone bridge
circuit. It is appreciated, however, that in other embodiments
the deformation sensor reader 170 alternatively and/or addi-
tionally includes other configurations that generate deforma-
tion sensor signals based on facial movement of the user.

Depth Sensing Camera

[0036] FIG. 5 is a wire diagram of an embodiment of the
VR headset 200 shown in FIG. 2 with a camera 175, in
accordance with an embodiment. The camera 175 tracks at
least a portion of the user’s face and outputs an optical map
that includes a plurality of optical signals corresponding to
various locations of the tracked portion of the user’s face. As
shown in FIG. 5, the camera 175 may be attached to a front
side 220A of the VR headset 200. It is appreciated, however,
thatin other embodiments, the camera 175 may be attached to
different sides of the VR headset 200. For example, the cam-
era 175 may be attached to a bottom side 220C of the VR
headset 200. Moreover, the camera 175 is not limited to a
single camera but can also include one or more cameras
attached the VR headset 200. For example, the camera 175
may include any combination of an individual RGB-color
camera, an individual IR camera, or an individual depth sens-
ing camera attached to the VR headset 200.

[0037] When the VR headset 200 is in use by the user, the
camera 175 may be positioned to capture movement of the
user’s lower face that is not occluded by the VR headset 200,
and may generate an optical map of the user’s lower face.
Alternatively, when the VR headset 200 is not in use, the
camera 175 may be positioned to capture movement of the
user’s full face, and may generate an optical map of the user’s
full face.

Facial Animation Module

[0038] FIG. 6 is a block diagram illustrating the facial ani-
mation module 160 implemented by the virtual reality con-
sole 110, in accordance with an embodiment. The facial ani-
mation module 160 includes an animation parameter module
605, a training module 610, and an online module 615. Some
embodiments of the facial animation module 160 have differ-
ent and/or additional modules than the ones described here.
Similarly, the functions can be distributed among the modules
in a different manner than is described here. Certain modules
and functions can be incorporated into other modules of the
facial animation module 160 and/or other entities on the
virtual reality console 110.

[0039] The animation parameter module 605 extracts ani-
mation parameters from optical maps received from the cam-
era 175. The extracted animation parameters are used to gen-
erate a facial animation model of the tracked portion of the
user’s face. For example, animation parameters may be
extracted from an optical map of a lower face of the user to
generate a facial animation model of the lower face of the
user. In one embodiment, the facial animation model is a
blendshape model that models a user’s facial expression by a
linear combination of key expression meshes identified for
the user. In such an embodiment, the extracted animation
parameters are a vector of blendshape coefficients that deter-
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mine the weight of each expression mesh in the linear com-
bination. The blendshape coefficients may be extracted real-
time by any suitable method, such as that described in Li et al.
in “Realtime facial animation with on-the-fly correctives,”
2013, ACM Transactions on Graphics, Proceedings of the
40th ACM SIGGRAPH Conference and Exhibition 2013, Vol.
32, No. 4, which is incorporated herein by reference in its
entirety.

[0040] The training module 610 generates a trained model
that maps deformation sensor signals and/or extracted anima-
tion parameters of a portion of a user’s face to estimated
animation parameters of a user’s full face. For example, the
portion of the user’s face may be a lower face part of the user,
including the lip region. The estimated animation parameters
of the user’s full face are then used to display a facial anima-
tion model of the user in the virtual reality environment. The
training module 610 may use only the deformation sensor
signals, only the extracted animation parameters of a portion
of the user’s face, or a combination of both signals to estimate
animation parameters of the user’s full face. The trained
model allows estimation of a user’s full facial animation
model when part of the user’s face is occluded by the VR
headset 200.

[0041] The online module 615 receives deformation sensor
signals from the deformation sensor reader 170 and/or an
optical map of a portion of a user’s face from the camera 175
and reconstructs a full facial animation model of the user
using the trained model from the training module 610, while
the VR headset 200 is in use. The trained model outputs a set
of animation parameters for the user’s full face that deter-
mines the facial animation model of the user for display in the
virtual reality environment.

Summary

[0042] The foregoing description of the embodiments of
the invention has been presented for the purpose of illustra-
tion; itis not intended to be exhaustive or to limit the invention
to the precise forms disclosed. Persons skilled in the relevant
art can appreciate that many modifications and variations are
possible in light of the above disclosure.

[0043] Some portions of this description describe the
embodiments of the invention in terms of algorithms and
symbolic representations of operations on information. These
algorithmic descriptions and representations are commonly
used by those skilled in the data processing arts to convey the
substance of their work effectively to others skilled in the art.
Theseoperations, while described functionally, computation-
ally, or logically, are understood to be implemented by com-
puter programs or equivalent electrical circuits, microcode, or
the like. Furthermore, it has also proven convenient at times,
to refer to these arrangements of operations as modules, with-
out loss of generality. The described operations and their
associated modules may be embodied in software, firmware,
hardware, or any combinations thereof.

[0044] Any of the steps, operations, or processes described
herein may be performed or implemented with one or more
hardware or software modules, alone or in combination with
other devices. In one embodiment, a software module is
implemented with a computer program product comprising a
computer-readable medium containing computer program
code, which can be executed by a computer processor for
performing any or all of the steps, operations, or processes
described.
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[0045] Embodiments of the invention may also relate to an
apparatus for performing the operations herein. This appara-
tus may be specially constructed for the required purposes,
and/or it may comprise a general-purpose computing device
selectively activated or reconfigured by a computer program
stored in the computer. Such a computer program may be
stored in a non-transitory, tangible computer readable storage
medium, or any type of media suitable for storing electronic
instructions, which may be coupled to a computer system bus.
Furthermore, any computing systems referred to in the speci-
fication may include a single processor or may be architec-
tures employing multiple processor designs for increased
computing capability.

[0046] Embodiments of the invention may also relate to a
product that is produced by a computing process described
herein. Such a product may comprise information resulting
from a computing process, where the information is stored on
anon-transitory, tangible computer readable storage medium
and may include any embodiment of a computer program
product or other data combination described herein.

[0047] Finally, the language used in the specification has
been principally selected for readability and instructional
purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore
intended that the scope of the invention be limited not by this
detailed description, but rather by any claims that issue on an
application based hereon. Accordingly, the disclosure of the
embodiments of the invention is intended to be illustrative,
but not limiting, of the scope of the invention, which is set
forth in the following claims.

What is claimed is:

1. A head-mounted display device comprising:

aheadset;

a display panel for displaying a virtual environment, the
display panel attached to the headset and positioned in
front of a upper face part of the user;

a liner formed around a periphery of the headset, the liner
adapted for direct or indirect contact with an upper por-
tion of a user’s face; and

aplurality of sensors attached along a plurality of locations
of the liner that capture deformations of the liner caused
by movement of the upper portion of a user’s face when
the user is wearing the head-mounted display device.

2. The head-mounted display device of claim 1, further

comprising one or more cameras attached to the device and
positioned to capture a lower portion of the user’s face that is
not occluded by the head-mounted display device.

3. The head-mounted display device of claim 1, wherein

the plurality of sensors comprise strain gauges.
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4. The head-mounted display device of claim 1, wherein
the plurality of sensors comprise capacitive sensors.

5. The head-mounted display device of claim 1, wherein
the plurality of sensors comprise inductive sensors.

6. The head-mounted display device of claim 1, wherein
the plurality of sensors comprise electroencephalogram
(EEG) sensors.

7. The head-mounted display device of claim 1, wherein
the liner comprises foam.

8. A method of capturing facial performance of a user with
a head-mounted display device, the method comprising:

collecting deformation signals of a liner of the head-

mounted display device using a plurality of sensors on a
plurality of locations on the liner, wherein the deforma-
tion signals are caused by movement of a upper portion
of a user’s face when the user is wearing the head-
mounted display device;

generating a set of animation parameters by applying a

model to the deformation signals; and

inputting the generated animation parameters to a com-

puter software system that drives a display panel of the
head-mounted display device for projecting a facial ani-
mation model of the user’s face to the display panel.

9. The method of claim 8, further comprising:

collecting optical signals of a lower portion of the user’s

face, wherein the optical signals are obtained by one or
more cameras attached to the head-mounted display
device positioned in front of the lower portion of the
user’s face that is not occluded by the head-mounted
display device; and

generating the set of animation parameters by applying the

model to the deformation signals and the optical signals.

10. The method of claim 8, wherein the facial animation
model is a blendshape model that linearly combines a plural-
ity of expression meshes, and the facial animation parameters
are a sequence of blendshape coefficients that correspond to a
weight of each expression mesh in the linear combination.

11. The method of claim 8, wherein the facial animation
parameters are skeletal animation controls.

12. The method of claim 8, wherein the plurality of sensors
comprise strain gauges.

13. The method of claim 8, wherein the plurality of sensors
comprise capacitive sensors.

14. The method of claim 8, wherein the plurality of sensors
comprise inductive sensors.

15. The method of claim 8, wherein the plurality of sensors
comprise electroencephalogram (EEG) sensors.

16. The method of claim 8, wherein the liner comprises
foam.
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