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(57) Abstract: Example implementations relate to virtual reality/augmented reality signals. For example, a non-transitory computer
readable medium storing instructions executable by a processing resource to receive eye-tracking signals from a camera mounted
on a display. The instructions can cause the processing resource to estimate a location on a display using the eye-tracking signals.
The instructions can cause the processing resource to receive electroencephalographic (EEG) signals. The instructions can cause the
processing resource to confirm the estimated location based on the eye-tracking signals and the EEG signals.
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ESTIMATIONS WITHIN DISPLAYS

Background
[0001] Headsets may be used in virtual reality (VR) and/or augmented reality
{AR) systems. VR and/or AR headsets may be worn by a user and may include
displays o provide a “virtual” and/or "augmented’ reality 1o the user by providing

images, screens, and/or other visual stimuli to the user via the displays.

Brief Description of the Drawings

[0002] Figure 1 ilustrates an example of an apparatus for estimations within
displays consistent with the disclosure.

[0003] Figure 2 ilustrates an exampile of an apparatus for estimations within
displays consistent with the disclosure.

[0004] Figure 3 illustrates a diagram of an example of a non-transifory
computer readable medium and processing resource for estimations within displays
consistent with the disclosure.

[0005] Figure 4 illustrates a diagram of an example of a processing resource
and memory resource for estimations within displays consistent with the disclosure.
[0006] Figure 5 illustrates a flow diagram for an exampie of a method for

estimations within displays consistent with the disclosure.

Detailed Description

[0007] Head mounted displays may be used in virtual reality (VR) and/or
augmentied reality (AR) systems. in some examples, a VR system may cover a
user's eyes and provide visual stimuli {o the user via a display, thereby substituting a
“virtual” reality for actual reality. The VR system may allow the user to interact with
the "virtual” reality world through games, educational activities, group activities, and
the like.
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[0008] An AR system may provide an overlay fransparent or semi-transparent
screen in front of and facing toward a user's eyes such that reality is “augmented”
with additional information such as graphical representations and/or supplemental
data. For example, an AR system may overlay transparent or semi-transparernt
weather information, directions, and/or other information on an AR display for a user
to examine.

[0009] VR/AR headsets may be used in many different fields and/or for many
different applications. For example, VR/AR headsets may be used in gaming,
aviation, engineering, medicine, geopositioning, training, milifary, government {e.q.,
fire, police, efc.), and sports, among other fields.

[0010] An exampie of a VR/AR device may include a display and a strap
and/or head portion coupled {o a display screen. The display can include a housing
that includes a display screen (e.g., an LCD display screen). The strap may facilitate
keeping the display in a specific position on a user's head such that the user is able
to see the visual stimuli on the display. In some example, a head portion can be like
a cap on a user's head that holds the display in place. The display can include
cameras and/or sensors. The sensors can receive signals {e.¢., sensory inputs) that
indicate eye movement. The eye movement can include pupil movement indicating
a change in what the user is looking at and/or a change in gaze of the user. The
sensors to monitor eye movement can receive signals that indicale a gaze of 2
user's eyes. The gaze of the user's eyes can indicate a location on an image
displayed in the display that the user would like to select. However, errors in
detecting eye gaze and/or errors in detecting what the user would like 1o select can
lead to selection of tems in the VR system that the user does not wish o select.
[0011] The strap and/or display can include sensors. For example, the strap
and/or display sensors can include an electroencephalographic (EEG) sensor. In
some examples, the EEG signals can include excitation signals sent by the brain of
the user and received by the EEG sensors. The excitation signals, in correlation with
the eye movement monitoring, can confirm that seiection of a particular item is
correct. For example, a user's gaze can indicats that the user would like to select a
particutar itemn in the VR/AR system. An EEG signal can confirm that the user did
want to select that particular item. While EEG signals are used, in this example, fo

indicate confirmation, examples are not so limited. For example, any number of
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additional sensor signals can confirm that the user did select a particular item. The
additional sensor signals can include voice, gesture, ele. that are in addition to the
eye tracking monitoring. In addition, other sensor signals can indicate that the user
wants {o select the particular item. The other sensor signals can include input by the
user through a mouse, a keyboard, handset, controller, voice activation, elc.

0012] Examples of the disclosure include apparatuses, systems, and
methods for virtual reality/augmented reality signals. In some examples, an
apparatus may include a display with sensors and a strap including sensors. In
some examples, the apparatus may include infrared (IR) cameras in the display. In
some examples, the apparatus may include EEG sensory probes on the strap.
[0013] Figure 1 illustrates an example of an apparatus 101 for estimations
within displays consistent with the disclosure. As illustrated in Figure 1, the
apparatus 101 can include a display 110. The display 110 can include a portion
shaped like goggles thai includes a display screen. The display 110 can include
cameras 112-1, 112-2. The cameras 112-1, 112-2 can be infrared (IR) cameras
used to detect eye movement of a user wearing the apparatus 101, The cameras
112-1, 112-2 can be mounted in the display a particular distance from the user {o
facilitate monitoring of a gaze of the user's eyes.

[0014] The apparatus 101 can include sensors 114-1, 114-2 o contact a2 head
of the user. The sensors 114-1, 114-2 can include EEG sensors that receive EEG
signais. The sensors 114-1, 114-2 can be in contact with a front portion of the user's
head. The EEG sensors can be EEG probes used to detect EEG signals and/or
readings from a brain of the user. EEG readings can refer o electrophysiological
monitoring of electrical activity of the brain. The EEC sensors can be positioned
along a scalp of the user. EEG measures voltage fluctuations resulting from ionic
current within neurons of the brain. Applications of EEG can focus on spectral
content of EEG, such as a type of neural oscillation (sometimes referred to as “brain
waves’) that can be observed in EEG signals.

[0015] The EEG signals can indicate an excitation signal from the user that
may indicate that the user has viewed something the user is interested in. For
example, an excitation signal of the user can be correlated with a focus of a gaze of
a user's eye, such that the evye is focused on something the user would like to select

and the excitation signal is confirming that selection.
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[0016] The apparatus 101 can include a processing resource 116 and a
memory resource 118 that 1s embedded within the display 110 of the apparatus 101.
However, exampies are not so limited. The processing resource 116 and the
memory resource 118 may be located in any number of different locations. For
example, the processing rescurce 116 and the memory resource 118 may be
located on the strap and/or head portion of the apparatus 101. The processing
resource 116 and the memory resource 118 may be located on an external
processing device such as a computer that the apparatus 101 is coupled 0. The
processing resource 118 and the memory resource 118 can be used in conjunction
with collecting eye movement tracking signals and/or other sensory signals {o
determine an item to select, as will be described further in assodiation with Figures
3-5.

[0017] Figure 2 lustrates an example of an apparatus 101 for estimations
within displays consistent with the disclosure. As illustrated in Figure 2, the
apparatus 202 can include a display 210. The display 210 can include a housing
213 and a display screen 211. The display 210 can include cameras 212-1, 212-2.
The cameras 212-1, 212-2 can be infrared (IR) cameras used to detect eye
movement of a user wearing the apparatus 202. The cameras 212-1, 212-2 can be
mounted in the display a particular distance from the user io facilitate monitoring of a
gaze of the user’s eyes. That is, in some examples, the cameras 212-1, 212-2 can
be mounted in a top of the housing 213 of the display 210 and in front of the display
screen 211,

[0018] The apparatus 202 can include sensors 214-1, 214-2 located on an
upper head portion 226 (e.g., an upper strap) for contact with a head of the user.
The apparatus 202 can include a lower head portion 224 (e.g., a lower strap). The
sansors 214-1, 214-2 can include EEG sensors. The sensors 214-1, 214-2 can be in
contact with a front portion of the user’s head. The EEG sensors can be EEG
probes used o detect EEG readings from a brain of the user.

[0019] The EEG signals can indicate an excitation signal from the user that
may indicate that the user has viewed something the user is interested in. For
example, an excitation signal of the user can be correlated with a focus of a gaze of
a user's eye, such that the evye is focused on something the user would like to select

and the excitation signal is confirming that selection.
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[0020] The apparatus 202 can include a processing resource 216 and a
memory resource 218 that 1s embedded within the display 210 of the apparatus 202.
The processing resource 216 and the memory resource 118 can be used in
conjunclion with collecting eye movement iracking signals and/or other sensory
signals to determine an item to select, as wili be described further in association with
Figures 3-5. For example, the processing rescurce 216 and the memory resource
218 can be used 1o collect additional signals including a selection from a mouse, a
kevboard, handset controlier, gesture, etc.

[0021] The display 210 of the apparatus 202 can include a camera 220. The
camera 220 can be an IR camera mounted to the side of the display 210. The
camera 220 can be facing downward and can be viewing movement below the
camera, indicated by dotted lines 222. The camera 220 can be used o detect
movements, such as gesture movements, of a user 1o determine additional
confirmation sensory signals. For example, in response (o eye movement indicating
an item to select made by a user, EEG signals along with gesture movements can
be used to confirm the item selection. An EEG signal including an excitation signal
can indicate that the user intended to select the item. Gesture movements below the
camera 220 can include an arm and/or hand moving and/or pointing toward a
direction of what the user is viewing can indicate that the user wanis to interact with
what is being displayed in the display 210. These gesture movements can indicate,
along with the eye tracking and the EEG excitation signal, that the user is intending
o select the item,

[0022] Figure 3 illustrates a diagram 303 of an example of a non-transitory
computer readable medium 330 and processing resource 316 for estimations within
displays consistent with the disclosure. in some examples, the processing
resource(s) 316 may process and/or controt data received from inputs of an
apparatus (2.g., apparatus 101 and 202 in Figures 1 and 2, respectively}. A memory
resource can be used to store instructions executed by the processing resource 318
to perform operations as described herein. A processing resource 316 may execute
instructions stored on the non-transitory machine readable medium 330. The non-
transitory machine readable medium 330 may be any type of volatile or non-volatile
memory or storage, such as random access memory (RAM), flash memory, read-

only memory (ROM), storage volumes, a hard disk, or a combination thereof.
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[0023] The example medium 330 may siore instructions 332 executabie by a
processing resource 318 1o receive eye-tracking signals from a camera {(e.q.,
cameras 112-1, 112-2 in Figure 1) mounted on a display (such as a display 110
Hlustrated in Figure 1). The eve-tracking signals can include movement of eves of a
user. The eye-tracking signals can indicate movement of pupils of a user caplured
by the camera. The movement of the eyes can indicale that a user is gazing at
different itemns displayed in a virtual reality (VR)/augmented reality (AR) sysiem.
Movement of the eves can indicate that the user is looking for ilems {0 select but has
not rested on a particular item 1o select. Cessation of movement of the eyes can
indicate that the user may have stopped at a particular item 1o select and wanis to
select that item. A gaze at the pariicular item for a period of time can indicate that
the user would like to select the item. The period of time can be an extended period
of time and/or a period of ime that reaches a particular threshold of time. For
example, 3 seconds may be indicated as a threshold of time for a user to gaze at an
item to indicate that the user wanis 1o select the item. However, any period of ime
can be used as a threshold time period. In addition, previously designated gaze
behavior can be used ¢ indicale a selection of an ilem. For example, an eye gaze
that is changing and suddenly stops 1o rest on a gaze at a particular item.

[0024] The example medium 330 may store instruction executable by a
processing rescurce 316 1o analyze the received eye-tracking signals to estimate a
focation on a display screen. The estimated location can be an estimate of where on
the display screen the user is locking. The location can correlate (o a particular ilem
and/or button within the VR/AR experience that may select and/or choose something
to manipulate in the experience, such as a menu selection, a decisions selection,
etc. The received eye-tracking signals can be analyzed to determine particular
patterns in movement of the eyes. The analysis can be based on previous eye
movement of the user. For example, previous eye movement may have indicated an
item to select in an image and the VR/AR system may have selected that item. In
response {0 the user indicating the selection was correct, the eye movemenis may
be recorded as indicating selection. In responsse 1o the user indicating that the
selection was incorrect, the eye movemenis may be recorded as eye movements

that indicate a false positive or a false selection. In this way, behavior of a user, in
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this exampie eyve movement of the user, can be learned and used for later
determination of what the user may want {o do in the AR/VR environments.

[0025] The example medium 330 may store instructions executable by a
processing resource 3186 to analyze the received sye-tracking signais based on
analysis of previously received eye-tracking signals and an estimation success of the
respective analysis. That is, the estimation success can be an amount of success
that respective estimations achieved in choosing the location. As each estimation is
confirmed as successful by a user, an estimation success rate can increase and a
confidence level of particular eye movements correlating to successiul estimations
can increase. The estimation success rale can be a percentage of success fora
particular eye movement defected. The estimation success rate can be an indication
by a user of how successful the selection was on a numbering scale, etc.

[0026] The example medium 330 may store instructions 334 executable by g
processing resource 316 o estimate a location on a display screen using the eve-
fracking signais. The display screen can display an image in a VR/AR system. The
image can be a whole image thal is separate from a reality surrounding the user,
such as in virtual reality where the surrounding reality is not used in the virtual reality
world. In contrast, the image can include a superimposed image over the
surrounding reality such that the surrounding reality is used as a backdrop to the
image. In this way, the image augments the surrcunding reality and/or adds 1o that
reality. The estimated location can be a location on the display screen that
correlates to the image of either the VR or AR environments. The estimated location
can be determined based on the previously mentioned threshold period of time that a
gaze of the user may occur.

[0027] The example medium 330 may store instructions 338 executable by a
processing resource 316 to receive EEG signals. The EEG signals (received from
sensors 114-1, 114-2 in Figure 1 and 214-1, 214-2 in Figure 2) can be received from
EEG probes positioned on a head of a user. The EEG signals can indicate brain
activity that indicates whether a user selected a location on the display screen.
[0028] The example medium 330 may store instructions 338 executable by a
processing resource 318 {o confirm the estimated location based on the eye-tracking
signals and the EEG signals. The confirmation can include detecting an excitation

response in the EEG signals thai corresponds to the eye-tracking signais. The
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confirmation may be based on a particular threshold amount of excitation in the
excitation response. For example, a brain wave may reach a excitation level that
indicates that a threshold excitation has been reached. In response o the excitation
fevel being reached, the selection of the item may be confirmed. In response (o the
excitation level not being reached, the selection of the ifem may be unconfirmed
and/or confirmed as in error.

[0029] Figure 4 illustrates a diagram of an example of an apparatus 404 for
estimations within displays consistent with the disclosure. The apparaius 404 can
include a processing resource 416 and a memory resource 418 The processing
resource 416 may execuie instructions stored in the memory resource 418. By way
of example, the memory resource 418 may be any type of volatile and/or non-volatile
memory or storage, such as random access memaory (RAM), flash memory, read-
only memory (ROM), storage volumes, a hard disk, or a combination thereof. The
memory resource 418 can be used to siore data and/or instructions. The memory
resource may store machine readable instructions 442, 444, 446, 448 that, when
executed by the processing rescurce 416, cause the processing resource 416 {o
perform a particular operation.

[0030] The memory resource 418 may store instructions 442 executable by a
processing resource 416 to track eye movements using an IR camera (such as
cameras 112-1, 112-2 in Figure 1 and cameras 212-1, 212-2 in Figure 2). The
camera can include more than one IR cameras. The number of IR cameras can
include two IR cameras positioned in front of eyes of a user. The IR cameras can be
positioned a particular distance from eyes of a user to monitor a gaze of the eyes
and/or a change in the gaze.

[0031] The memory resource 418 may store instructions 444 executable by a
processing resource 416 (o estimate an item {o select on a display screen of a
display based on the fracked eye movements. Selection of the estimated item can
be delayed untll further confirmation that the item was intended to be selected is
performed. The item can be astimated as selected by the user in responsa o a gaze
of the user resting and/or stopping on the estimated item.

10032] The memory resource 418 may store instructions 446 executable by a
processing resource 416 to detect EEG signals using the EEG sensory probes. The

EEG signals can include brain wave activity of a brain of the user. The EEG signals
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can include graphs and/or charts of electrical activity that indicates brain activity of
the user. The electrical activity can include peaks and/or valleys of slectrical activity.
Excitation signals can be indicated by a peak in the electrical activity. Excitation
signals can be indicated by a particular waveform of electrical activity detected in the
brain.

10033] The memory resource 418 may store instructions 448 executable by a
processing resource 416 to confirm the estimated item o select based on the
detected EEG signals. The confirmation of the estimated item can be determined by
correlating an excitation signal with evye tracking movements. The correlation can
inciude correlating a time that the excitation signal cccurred and a time that the eye
tracking movements exhibited particuiar behavior. For example, a peak in slectrical
activity may have occurred at the same time that eye movement stopped {0 gaze at
a particular item. The particular item would have been estimated as an item to be
selected and the EEG excitation of the peak can confirm that the item should be
selected. While this is given as an example, examples are not so limited. Any
number of correlations, such as peaks with previous successful selections indicating
that a particular EEG activity indicates a current successful selection, may be
performed.

[0034] The memory rescurce 418 may store instructions executable by the
processing resource 416 {o detect gesture movement of a user, where the machine
readable instructions cause the processing resource o detect gestures from a user.
The memory resource may store instructions executable by the processing resource
416 to confirm the estimated item based on the detected gestures. The estimated
itern may be confirmead by both the detected gestures and the EEG signals. in some
examples, the EEG signals alone may not be sufficient to indicate confirmation but
the added gesture movements may allow indication of confirmation. As an example,
the EEG signals may not have reached a threshold excitation level but could be
close {0 g threshold level. The gesture movements may provide enough data to
indicate that the EEG signals on top of the gesture movements indicate confirmation.
[0035] Figure 5 illustrates a flow diagram for an example of a method 505 for
estimations within displays consistent with the disclosure. At 550, the method 505
includes tracking eye movement of a user using a camera mounted on a display.

The camera can be mounted on a display. The camera can be mounted a particular



WO 2018/174854 PCT/US2017/023315
10

distance from the eves of the user to aliow for monitoring of the eyes A gaze of the
gyes can be monitored in order o determine where on an image the eyes are
gazing.

[0036] At 552, the method 505 can include analyzing the eye movement to
estimate a location {0 be selected on a display screen displayed o the user. The
gye movement can be anzalyzed 1o determine where the eyes are gazing. Based on
the gaze of the eves, a location on a display screen that the eyes are gazing at can
be determined. The location on the display screen can be indicated as an estimale
of where the user would like to select. Prior 10 selecting the iocation on the image, a
confirmation {e.q., a verification) that the user intended to select that location can be
performed.

[0037] At 554, the method 505 can include recording EEG signals of the user
using EEG probes. The EEG probes can be placed on a front portion of the head of
the user to detect signals from the front portion of the brain of the user. The EEG
probes can detect particular electrical activity of the brain.

[0038] Al 558, the method 505 can include correlating the tracked eye
movement and the recorded EEG signals to confirm the estimated location. For
example, the tracked eye movement can indicate a location on the image at s
particutar point in time. An EEG signals recorded at the particular point in time can
be correlated with the tracked eye movement at the particular point in time, indicating
that the user intended o select the location at the particular point in time. Tracked
eye movement and EEG sensory signals can be correlated within a particular
window of time, such as a range of 5 seconds, 10 seconds, etc. Thatis, the EEG
signals may be delayad from the moment that the localion was gazed at by the eyes.
Further, the EEG signals may be delayed in providing an indication that the location
and/or item estimated to select is the correct one.

[0039] At 558, the method 508 can include selecting the estimated location on
the display screen based on the correlation. That is, the estimated location can be
determined to be the correct location to select and the system can select that
location. The estimated location of the display screen can include a button, 2
selection Hem, a character selection, etc. that the user would like to select.
Subsequent to confirmation that the estimated location is the correct location to

select, the estimated location can be selected.
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[0040] in some examples, the method 505 includes selecling the estimated
location by selecting @ menu item In a virtual reality or augmented reality system.
That is, the location can be a location of a menu item {o be selected. The location
can be an image of a character {0 be selected, etc. In some examples the method
505 can include detscling an input from a user indicating the location 1o be selected,
wherein the input comprises seleclion on a kevboard, a mouse, a handsset, a
controlier, speech of the user, a gesture, or a combination thereof. The speech of
the user can be recorded using a microphone mounted to the display. The input can
be correlated with the eye movement and the EEG signais to provide greater
confidence in the estimated location.

[0041] in some examples, the method 505 includes detecling a gesiure from
the user indicating the location {o be selected. The gesture can include hand
movement, finger movement, leg movement, etc. The method 505 can include
correlating the gesiure with the tracked eye movement and the recorded EEG
signals to confirm the estimated location. In some exampies, when the tracked eye
movement and the recorded EEG signals do not correlate, an indication that the
estimated location is not confirmed can be provided.

[0042] in the foregoing detailed description of the present disclosure,
reference is made to the accompanying drawings that form a part hereof, and in
which is shown by way of illustration how exampies of the disclosure may be
practiced. These examples are described in sufficient detail to enable those of
ordinary skill in the art lo practice the exampies of this disclosure, and it is to be
understood that other examples may be utilized and that process, electrical, and/or
structural changes may be made without departing from the scope of the present

disclosurs,
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What is claimed;

1. A non-fransifory computer readabile medium storing instructions executable by
& processing resource o

receive eye-tracking signals from a camera mounted on a display;

estimate a location on a display screen using the eye-tracking signals;

receive electroencephalographic (EEG) signals; and

confirm the estimated iocation based on the eve-tracking signals and the EEG

signals.

2. The medium of claim 1, further comprising instructions executable by the
processing resource to estimate the location based on analysis of previously

received eye-tracking signals.

3. The medium of claim 2, further comprising instructions executable by the
processing resource to estimate the location based o

the analysis of the previously received eye-tracking signals; and

an estimation success of the analysis of the previously received eye-tracking

signals.

4. The medium of claim 1, wherein the eve-fracking signals comprises a

movement of pupils of a user captured by the camera.

5. The medium of claim 1, further comprising instructions executable by the
processing resource {o confirm the estimated ocation in response (o detection of an

excitation response in the EEG signals that corresponds to the eye-tracking signals.

6. A method, comprising:
tracking eyve movement of a user using a camera mounted on a display;
analyzing the eye movement to estimale a iocation to be selected on a display
screen displayed to the user,
recording electroencephalographic (EEG) signals of the user using EEG

probes;
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correlating the tracked eye movement and the recorded EEG signals to
confirm the estimated location; and
selecling the estimaled locaiion on the display screen based on the

correlation.

7. The method of claim 6, wherein selecting the estimated location comprises

selecting a menu item in a viriual reality system.

8. The method of claim 6, comprising detecting an input from a user indicating
the location {0 be selected, wherein the input comprises a keyboard input, @ mouse

input, a handset input, a controller input, a gesture, and combinations thereof

9. The method of claim 8, comprising:
detecling a gesture from the user indicating the iocation o be selected; and
correlating the gesture with the tracked eye movement and the recorded EEG

signals to confirm the estimaled location.

10. The method of claim 6, wherein, when the tracked eye movement and the
recorded EEG signals do not correlate, indicating that the estimated location is not

confirmed.

1. An apparatus, comprising:
an infrared (IR} camera mounted on a display;
electroencephalographic (EEG) sensory probes;
a processing resource,; and
a memory resource storing machine readable instructions 1o cause the
processing resource io:
frack eye movemenis using the IR camers;
estimatle an item to select on a display screen of the display based on
the tracked eye movements;
detect EEG signals using the EEG sensory probes,; and
confirm the estimated item to select based on the detected EEG

signals.
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12.  The apparatus of claim 11, wherein the IR camera further comprises two IR

cameras positioned in front of and facing foward eyes of a user of the apparatus.

13. The apparatus of claim 11, further comprising a camera positionsad to detect

gesture movement of a user.

14.  The apparatus of claim 13, further comprising insiructions executable by the

processing resource to confirm the estimated item based on the detected gestures.

15. The apparatus of claim 11, wherein the IR camera are positioned a particular

distance from eyes of a user to monitor a gaze of the eyes.
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