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ANIMATED GAZES ON HEAD MOUNTED DISPLAYS

BACKGROUND
[0001] Head mounted displays (HMDs) can be used for virtual reality

applications. Virtual reality applications allow the user to interact with a virtual
world. In other words, the HMDs can display an artificially created world. The
user sees the artificial world in the HMD and interacts with other artificial
objects, people, environments and the like in the artificial world.

[0002] Some devices can be used for augmented reality applications. The
augmented reality applications can add artificial objects, people, environments,
and the like, to views of the real world. For example, augmented reality may
add an avatar of a person or character next to a statue that exists and is viewed
through the HMD.

[0003] The virtual reality applications and augmented reality applications
may be used for a variety of different purposes. For example, the virtual reality
applications and the augmented reality applications can be used for
entertainment (e.q., video games), training (e.g., simulating a procedure), and
the like.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] FIG. 1 is a block diagram of an example of head mounted display of

the present disclosure;
[0005] FIG. 2 illustrates different configurations of the head mounted display
of the present disclosure;

[0006] FIG. 3 is an example of an animated gaze displayed by a display of



WO 2019/209265 PCT/US2018/029069

the head mounted display of the present disclosure;

[0007] FIG. 4 is a flow chart of an example method for animating a gaze of a
user on a display of a head mounted display of the present disclosure; and
[0008] FIG. 5 is a block diagram of an example non-transitory computer
readable storage medium storing instructions executed by a processor of the

present disclosure.

DETAILED DESCRIPTION

[0009] Examples described herein provide a head mounted display that

animates a user's gaze on a display of the head mounted display (HMD). As
discussed above, HMDs can be used for virtual reality (VR) applications and
other devices can be used for augmented reality (AR) applications. However,
HMDs for VR applications are usually not also used for AR applications.

[0010] The present disclosure provides examples of an HMD that can be
used for both VR applications and AR applications (or mixed reality
applications). For example, outward facing cameras on the HMD can be used
for true AR applications. However, the screen of the HMD can be opaque to
outside observers. As a result, the outside observers may not know whether the
HMD is being used is in a VR mode or an AR mode.

[0011] When in the AR mode, the user of the HMD may be looking at people
around them. However, others may not want strangers to stare at them
unknowingly. Alternatively, when a person is talking to someone wearing an
HMD the person may not know whether the user wearing the HMD is looking at
the person.

[0012] Examples herein further provide an HMD that animates a user’s gaze
on a display of the HMD. For example, the HMD may include a second display
that displays information outward, away from a user of the HMD. The second
display may animate a user’s gaze such that individuals around the user of the
HMD may know where the user of the HMD is looking.

[0013] FIG. 1 illustrates a block diagram of an HMD 100 of the present
disclosure. In one example, the HMD 100 may include a processor (e.g., CPU)

102, a sensor 104, a first display 106, a second display 108, and an outward
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facing camera 116. In one example, the HMD 100 may be a wearable device.
The HMD 100 may include arms or a band (not shown) that may allow the HMD
100 to be worn on the head of a user 110.

[0014] In one example, the processor 102 may be communicatively coupled
to the sensor 104, the first display 106, the second display 108, and the outward
facing camera 116. In one example, the sensor 104 may be a pair of cameras.
The cameras may be any type of video camera or red, green, blue (RGB)
camera. The cameras may be located on an inside (e.g., a side that is adjacent
to the face of the user 110) of the HMD 100.

[0015] The cameras may capture video images of eyes 112 and eyebrows
114 of the user 110. The captured video images of the eyes 112 and the
eyebrows 114 may be used to generate graphical images that represent the
eyes 112 and the eyebrows 114, as discussed in further detail below. In one
example, the eyes 112 may include all portions of the eyes including the
eyelids, the eyelashes, and the eyeball.

[0016] In another example, the sensor 104 may comprise micro-electrical
mechanical systems (MEMS). The MEMS can be used to perform eye tracking.
[0017] In one example, the first display 106 may be an inward facing display.
The first display 106 may generate graphical images that are shown to the user
110 while the user 110 is wearing the HMD 100.

[0018] The HMD 100 may be capable of a virtual reality (VR) mode and an
augmented reality (AR) mode. In one example, the outward facing camera 116
may capture images of a portion of an environment within a view of the user for
the AR mode. Computer generated images may be added to the real
environment to create the mixed reality environment. In one example, the
graphical images of the eyes 112 and eyebrows 114 displayed on the second
display 108 may indicate that the HMD 100 is in the AR mode

[0019] In another example, some users may enjoy having the graphical
images of the eyes 112 and the eyebrows 114 displayed on the second display
108 for fun even when in the VR mode. |n such instances, the HMD 100 may
have an indicator light to indicate when the HMD 100 is in the AR mode. When

the graphical images of the eyes 112 and the eyebrows 114 are displayed in the
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VR mode, the processor 102 may receive an indication that the HMD 100 is
toggled into the AR mode and cause the indicator light to be activated or to
display an indication that the HMD 100 is in the AR mode.

[0020] The indicator light may be a particular colored light emitting diode
(LED) (e.g., ared LED for AR mode and a green LED for VR mode). The
indicator light may be located around the perimeter of the HMD 100 or be a
single LED. In one example, a message may be displayed on the second
display 108 indicating that the HMD 100 is in the AR mode.

[0021] In one example, the VR mode may include a computer generated
environment, or an artificially generated environment, that is displayed in the
first display 106. The user 110 may interact with the computer generated
environment. For example, the user 110 may have interfaces worn on the
hands that can be used to provide inputs to the computer generated
environment in the VR mode.

[0022] In one example, the AR mode may include a mixture of the real
environment and computer generated environments or avatars. For example,
the user may be at a park with a monument. The user may see the people
around the park and the monument through the first display 106. However, the
first display 106 may also display computer generated avatars (e.g., cartoon
characters, monsters, avatars of other people, and the like) and/or modifications
to the environment (e.g., additions to the monument, other buildings around the
monument, and the like).

[0023] As discussed above, when the HMD 100 is in the AR mode other
people around the user 110 may like to know where the user 110 is looking. In
addition, when a person is talking to the user 110, the person may like to know
whether the user 110 is paying attention to the person or what emotions the
user 110 is feeling. In one example, other devices may be communicatively
coupled to the HMD 100 to accurately detect the emotions of the user, including
electroencephalography, heartrate monitors, respiration monitors, skin
temperature sensors, pupil dilation sensors, galvanic skin response, functional
near-infrared spectroscopy, and the like.

[0024] In one example, the VR mode and the AR mode may be toggled via a
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physical button on the HMD 100, a hand motion captured by the HMD 100, a
voice command, and the like. When the HMD 100 is toggled to the AR mode,
the sensor 104 may be activated in response to changing the HMD 100 into the
AR mode.

[0025] The sensor 104 may capture a gaze of the user 110 while the HMD
100 is in the AR mode. The gaze may include a movement of the eyes 112 and
the eyebrows 114 of the user 110 while the user 110 is looking around the AR
images displayed in the first display 106. The captured images of the gaze of
the user 110 may be forwarded to the processor 102.

[0026] The processor 102 may generate an animation, or a graphical
representation, of the gaze of the user captured by the sensor 104 (e.g., based
on the images captured by a camera). In one example, the animation or the
graphical representation, may be an image that represents the eyes 112 and
the eyebrows 114 of the user 110 and how the eyes 112 and the eyebrows 114
of the user 110 are moving. In one example, the gaze of the user may be
slightly corrected to accurately indicate the “true” direction of the gaze of the
user due to an offset of the second display 108 from the eyes 112 of the user.
[0027] In one example, the animation may be customized by the user 110.
For example, the user 110 may want the animation of the eyes 112 and the
eyebrows 114 to be a different color or shape. The user 110 may want the
animation to be a monster, an alien, or the eyes and eyebrows of a different
animal. In one example, the HMD 100 may include a graphical user interface
that allows the user 110 to design, or customize, his or her own animation, or
graphical representation, of the eyes 112 and the eyebrows 114 of the user 110.
[0028] In one example, the HMD 100 may include a memory. The memory
may be a non-transitory computer readable storage medium, such as a hard
disk drive, a random access memory (RAM), a read only memory (ROM), and
the like. The customized animations or graphical representations may be stored
in the memory.

[0029] In one example, the animation may be a simple graphical
representation that does not look like eyes and eyebrows. For example, the

animation may be pixelated graphics that show a single pixel for the eye and a
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line of pixels for the eyebrows.

[0030] In one example, the animation may be a direct live feed of the images
of the eyes 112 and the eyebrows 114 of the user 110 that are captured by the
camera 104. In other words, the animation may simply be the actual video
footage of the eyes 112 and the eyebrows 114 of the user 110.

[0031] The animation of the eyes 112 and the eyebrows 114 of the user 110
may then be displayed on the second display 108. The second display 108 may
be an outward facing display (e.qg., displays images away from the user 110).
As a result, when the HMD 100 is in the AR mode, people around the user 110
may be able to see where the user 110 is looking, how the user 110 is feeling,
and the like. For example, the user 110 may not be able to stare at a person
using the HMD 100 without other people knowing where the user 110 is looking.
[0032] In addition, the animation of the eyebrows 114 with the eyes 112 may
help to display the emotion of the user 110. For example, the eyebrows 114
may be raised with wide open eyes 112 when the user 110 is surprised. The
eyebrows 114 may be raised with the eyes 112 squinting when the user 110 is
happy. The eyebrows 114 may be furrowed or angled with the eyes 112 slightly
closed to show the user 110 is focused, or serious. Other combinations of the
eyebrows 114 and the eyes 112 may be used to depict other emotions not listed
above.

[0033] FIG. 2 illustrates different configurations 210, 220, 230, and 240 of the
second display 108 on the HMD 100. It should be noted that the configurations
210, 220, 230, and 240 are provided as examples and that other configurations
may be deployed.

[0034] In the configuration 210, the second display 108 may be
approximately the same size (e.g., length and width) as the first display 106.
The second display 108 may cover the entire outer surface of the HMD 100.
The HMD 100 may include cameras 202. The cameras 202 may be outward
facing cameras similar to the outward facing camera 116 that may be used to
capture images of the real environment around the user 110 for the AR mode.
[0035] In the configuration 210, the second display 108 may be transparent

or partially transparent and cover the cameras 202. In one example, the second
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display 108 may be partially transparent to allow the cameras 202 to see
through the second display 108, but not allow the cameras 202 to be visible to
people around the user wearing the HMD 100. For example, the second display
108 may have partial transparency similar to a one-way mirror. As a result, the
second display 108 may not block the cameras 202 from capturing images of
the real environment around the user 110 for the AR mode.

[0036] FIG. 3 illustrates and example of the animation 302 that is displayed
in the second display 108 in the configuration 210. The animation 302 may
appear similarly in the other configurations 220, 230, and 240. As illustrated in
FIG. 3, the eyes 304 of the animation 302 may be human eyes and eyebrows
306 of the animation 302 may be human eyebrows. The eyes 304 and the
eyebrows 306 may move similarly to how the eyes 112 and the eyebrows 114 of
the user 110 are moving. Thus, people around the HMD 100 may see where
the user 110 is looking and the emotions of the user 110 based on the eyes 304
and the eyebrows 306 on the second display 108.

[0037] As noted above, the animation 302 may include any type of eyes 304
and eyebrows 306. For example, the eyes 304 and the eyebrows 306 may be
reptilian, alien, different colors and shapes than the eyes 112 and eyebrows
114, a simple pixelated representation, actual video footage of the eyes 112 and
the eyebrows 114, and the like.

[0038] Referring back to FIG. 2, the configuration 220 may include the
second display 108 that is opaque. The cameras 202 may be moved to be
located above the second display 108. For example, the cameras 202 may be
located on an outer edge or perimeter of the HMD 100. As a result, the view of
the cameras 202 may not be blocked by the second display 108.

[0039] In the configuration 230, the second display 108 may be have
dimensions that are smaller than the dimensions of the first display 106. The
second display 108 may be located along an outer edge (e.g., a top edge or
perimeter) of the HMD 100 and the cameras 202 may be located in the middle
of the HMD 100 approximately where the eyes 112 of the user 110 would be
located. As aresult, the second display 108 may be opaque and not block the

view of the cameras 202.
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[0040] In the configuration 240, the second display 108 may comprise a
plurality of displays. For example, the second display 108 may include two
separate displays that may represent each eye and eyebrow of the user 110.
For example, one eye and one eyebrow may be displayed in a left display of the
second display 108 and a second eye and a second eyebrow may be displayed
in a right display of the second display 108.

[0041] The plurality of displays of the second display 108 may be immovably
fixed to the top perimeter of the HMD 100. In one example, the plurality of
displays of the second display 108 may be movably coupled to the top perimeter
of the HMD 100 via springs to provide a “fun” look.

[0042] As aresult, when the user 110 is in the AR mode, people within the
vicinity of the HMD 100 may know where the user 110 is looking. This may help
to protect the privacy of people around the user 110 wearing the HMD 100. In
addition, displaying the animation of the eyes 112 and the eyebrows 114 of the
user 110 may help individuals talking to the user 110 know whether the user
110 is paying attention.

[0043] FIG. 4 illustrates a flow diagram of an example method 400 for
animating a gaze of a user on a display of a head mounted display. In one
example, the method 400 may be performed by the HMD 100, or the apparatus
500 illustrated in FIG. 5 and described below.

[0044] At block 402, the method 400 begins. At block 404, the method 400
detects a signal to enable an augmented reality mode on a head mounted
display (HMD) worn by a user. For example, an HMD may be switched back
and forth between an augmented reality (AR) mode and a virtual reality (VR)
mode. The signal may be enabled by a switch, a voice command, a hand
motion, and the like. In one example, an indicator light may be used to notify
people around the user with the HMD that the HMD is in the AR mode.

[0045] As described above, the AR mode may allow graphical images be
displayed with real images seen by the user. For example, the user may look
be at a park and see people around a fountain through the HMD and see
additional computer generated avatars mixed in with people around the

fountain. However, some people may want to know when and where the user
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with the HMD is looking when in the AR mode.

[0046] At block 406, the method 400 captures images of a gaze of the user.
In one example, a camera may be located on the inside of the HMD that can
capture images of the gaze of the user. The gaze of the user may include the
eyes and eyebrows of the user, where the eyes are focused, movement of the
eyebrows, and the like. The camera may track the movement of the eyes and
the eyebrows.

[0047] At block 408, the method 400 generates a graphical image of the
gaze of the user. In one example, the graphical image may replicate the gaze
(e.g., the movement and position of the eyes and eyebrows) of the user. For
example, if the eyes move from right to left, the graphical image may be an
animation of the eyes moving from right left. In another example, if the
eyebrows are angled in a frown, the graphical image may also have the
eyebrows at the same angle in a frown.

[0048] In one example, the graphical image may be based on a user
customized animation. For example, the user may want the eyes and eyebrows
to be of an avatar. The eyes and eyebrows can be customized to be reptilian
rather than a human eye. In another example, the eyes and eyebrows may be
a desired color that is different than the color of the eyes and eyebrows of the
user. In another example, the eyes and eyebrows may be a simple graphical
representation (e.g., a dot and a line of dots such as an 8 bit graphical
representation).

[0049] In one example, the graphical image may be identical to the eyes and
eyebrows of the user. For example, the graphical image may have the same
color, shape, and features as the eyes of the user. In one example, the
graphical image may be a video stream of the video images of the eyes and
eyebrows that are captured by the camera.

[0050] In one example, a partially transparent representation of the
augmented content may be displayed in addition to the graphical image of the
eyes and eyebrows of the user. As a result, people around the user can have
an awareness that the user may be gazing at digital AR content.

[0051] At block 410, the method 400 causes the graphical image of the gaze
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of the user to be displayed on an outward facing display of the HMD. For
example, the graphical images may be transmitted to a graphical processor that
generates the images on the outward facing display. The graphical images may
be displayed on the outward facing display while the AR view is displayed on an
inward facing display of the HMD.

[0052] Thus, people around the user may see where the user is looking while
the user is viewing the inward facing AR display of the HMD. In addition, the
people around the user with the HMD may see the emotions of the user
expressed by the eyes and eyebrows of the user.

[0053] In one example, a person talking to the user may see where the user
wearing the HMD is looking. Thus, the graphical images may show the person
whether the user with the HMD is paying attention to the person and not looking
around or looking at other images in the inward facing AR display of the HMD.
[0054] In one example, the block 406, the block 408, and the block 410 may
be repeated until the AR mode is disabled. For example, the video images of
the eyes and eyebrows of the user may be continuously captured, graphical
images may be continuously generated, and the graphical images may be
continuously displayed on the outward facing display of the HMD, while the AR
mode is disabled. At block 410, the method 400 ends.

[0055] FIG. 5 illustrates an example of an apparatus 500. In one example,
the apparatus 500 may be the HMD 100. In one example, the apparatus 500
may include a processor 502 and a non-transitory computer readable storage
medium 504. The non-transitory computer readable storage medium 504 may
include instructions 506, 508, and 510 that, when executed by the processor
502, cause the processor 502 to perform various functions.

[0056] In one example, the instructions 506 may include instructions to track
a gaze of a user via a camera inside of a head mounted display (HMD) worn by
a user that captures images of the gaze of the user. The instructions 508 may
include instructions to generate an animation of the gaze of user. The
instructions 510 may include instructions to display the animation of the gaze of
the user on an outward facing display of the HMD.

[0057] It will be appreciated that variants of the above-disclosed and other
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features and functions, or alternatives thereof, may be combined into many
other different systems or applications. Various presently unforeseen or
unanticipated alternatives, modifications, variations, or improvements therein
may be subsequently made by those skilled in the art which are also intended to
be encompassed by the following claims.
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CLAIMS

1. A head mounted display (HMD), comprising:

a first display to display an image towards a user wearing the HMD,;

a sensor to capture a gaze of the user wearing the HMVD,;

an outward facing camera to capture images of a portion of an
environment within a view of the user;

a processor communicatively coupled to the sensor and the outward
facing camera to generate an animation of the gaze of the user and an
augmented reality image on the first display based on the images captured by
the outward facing camera; and

a second display communicatively coupled to the processor and the first
display, wherein the second display displays the animation of the gaze of the

user away from the user.

2. The HMD of claim 1, wherein the sensor comprises two cameras to

capture images of the gaze.

3. The HMD of claim 1, wherein the animation of the gaze includes

movement of eyebrows of the user to display an emotion of the user.

4, The HMD of claim 1, wherein the second display is located directly over

the outward facing camera and is transparent.

5. The HMD of claim 1, wherein the second display is located along an

outer edge of the first display.

6. The HMD of claim 1, wherein dimension of the second display are

smaller than dimensions of the first display

7. The HMD of claim 1, further comprising:

a computer readable storage medium to store user customized
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animations of the gaze of the user.

8. A non-transitory computer readable storage medium encoded with
instructions executable by a processor, the non-transitory computer-readable
storage medium comprising:

instructions to track a gaze of a user via a camera inside of a head
mounted display (HMD) worn by a user that captures images of the gaze of the
user,

instructions to generate an animation of the gaze of user; and

instructions to display the animation of the gaze of the user on an

outward facing display of the HMD.

9. The non-transitory computer readable storage medium of claim 8, further
comprising:
instructions to display an indication that the HMD is in an augmented

reality mode.

10.  The non-transitory computer readable storage medium of claim 8,
wherein the animation comprises human eyes.

11.  The non-transitory computer readable storage medium of claim 8,

wherein the animation includes eyebrows of the user.

12. A method, comprising:

detecting, by a processor, a signal to enable an augmented reality mode
on a head mounted display (HMD) worn by a user,;

capturing, by the processor, images of a gaze of the user,;

generating, by the processor, a graphical image of the gaze of the user,
and

causing, by the processor, the graphical image of the gaze of the user to

be displayed on an outward facing display of the HMD.
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13.  The method of claim 12, wherein the generating is based on a user

customized animation.

14.  The method of claim 12, wherein the capturing, the generating, and the

causing are repeated until the augmented reality mode is disabled.

15. The method of claim 12, wherein the causing the graphical image to be
display on an outward facing display of the HMD is performed while an

augmented reality view is displayed on an inward facing display of the HMD.
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