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118

Capture sound that will be provided to a listener.
100

v

Designate a sound localization point at a location in empty space that is
away from and proximate to a location of the listener such that the sound
localization point simulates an origin of the sound that the listener hears.

110

\4

Adjust the sound so the sound originates from the sound localization
point at the location in empty space that is away from and proximate to the
location of the listener.

120

/

Provide the sound to the listener such that the listener localizes the origin
of the sound at the sound localization point in empty space.
130

Figure 1

Designate for a listener a sound localization point in empty space that
simulates a location of a source of sound that the listener hears such that
the sound localization point is away from and proximate to the listener.
200

\4

Determine a location and a head orientation of the listener with respect to
the sound localization point in empty space.
210

N

Adjust the sound as the listener moves with respect to the sound
localization point in empty space such that the location of the source of
the sound that the listener hears continues to originate from the sound

localization point even as the listener moves and changes the location and
the head orientation with respect to the sound localization point.
220

Figure 2
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Commence an electronic call between a first individual and a second
individual that are remote from each other.
300

Y

Designate, for the first individual, a sound localization point that simulates
a location in empty space from where an origin of a voice of the second
individual occurs for the first individual.

310

\

Execute the electronic call such that the origin of the voice of the second
individual appears to the first individual to originate from the sound
localization point while the first individual moves and changes a location
and a head orientation with respect to the sound localization point.
320

A4

Maintain the origin of the voice of the second individual at the sound
localization point but alter a HRTF, an interaural level difference, and/or an
interaural time difference of the sound that the first individual hears in
response to the first individual moving the location and the head
orientation with respect to the sound localization point.

330

Figure 3

Designate a virtual microphone point in empty space that is away from
and proximate to a talker and that simulates a location of a listener with
whom the talker speaks.

400

\

Determine a location and a head orientation of the talker with respect to
the virtual microphone point in empty space.
410

\

Adjust sound that the listener hears the talker speak as the talker moves
with respect to the virtual microphone point in empty space such that an
origin of the sound that the listener hears follows the location and the
head orientation of the talker.

420

Figure 4
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Designate, in an electronic call between a talker and a listener that are
remote from each other, a virtual microphone point in empty space that is
away from and proximate to the talker and that simulates a location of the

listener with whom the talker speaks during the electronic call.
500

\

Determine a location and a head orientation of the talker with respect to
the virtual microphone point in empty space.
510

\

Adjust sound that the listener hears the talker speak as the talker moves
with respect to the virtual microphone point such that the listener can

with respect to the virtual microphone point.
520

determine changes to the location and to the head orientation of the talker

Figure 5

Commence an electronic call between a first individual, a second
individual, and a third individual that are remote from each other.
600

Designate, for the first individual, sound localization points that simulate
locations in empty space from where origins of voices of the second
individual and the third individual occur for the first individual.

610

Y

Execute the electronic call such that the origin of the voice of the second
individual appears to the first individual to originate from the sound
localization point that simulates the location in empty space of the second
individual and such that the origin of the voice of the third individual

appears to the first individual to originate from the sound localization point

that simulates the location in empty space of the third individual.
620

Figure 6
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Capture sound at a first geographical location having first environmental
conditions.
700

v

Determine, for an individual to receive the sound, second environmental
conditions at a second geographical location of the individual.
710

A4

Adjust, based on the second environment conditions at the second
geographical location, the sound such that the sound simulates a natural
sound that the individual would hear if the origin of the sound occurred in
the second environmental conditions at the second geographical location

with the individual.
720

Figure 7

Capture sound at a first geographical location having environmental
conditions.
800

v

Determine, for an individual to receive the sound, artificial environmental
conditions at a second geographical location of the individual.
810

A4

Adjust, based on the artificial environmental conditions, the sound such
that the sound simulates a natural sound that the individual would hear if
the origin of the sound occurred in the artificial environmental conditions

at the second geographical location with the individual.
820

Figure 8
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Execute an electronic call between a first individual and a second
individual such that an origin of a voice of the second individual appears
to the first individual to originate from a sound localization point that
simulates a location in empty space of the second individual.

900

A4
Monitor, during the electronic call, movements of a head location and/or
head orientation of the first individual in response to the first individual
localizing sounds.
910

A4
Adjust, during the electronic call, stored head-related transfer functions
(HRTFs) of the first individual to more accurately simulate real HRTFs of

the first individual in response to the movements of the head location and/

or head orientation of the first individual.
920

Figure 9

Record sound.
1000

A4

Provide a sound localization point in empty space for the recorded sound.
1010

Y

Determine an event that triggers playback of the recorded sound.
1020

Y

Execute, to a listener and in response to the trigger, the recorded sound at
the sound localization point in empty space such that the listener can
localize the recorded sound to originate from the sound localization point.
1030

Figure 10
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Determine one or more physical attributes of a listener.
1100

v

Compare the one or more physical attributes of the listener with one or
more physical attributes of individuals with stored HRTFs.
1110

/

Determine, based on the comparison, a match and/or similarity between
the one or more physical attributes of the listener and the one or more
physical attributes of the individuals with stored HRTFs.

1120

A4

Select, based on the match and/or the similarity with the stored HRTFs, a
set of HRTFs for the listener.
1130

Figure 11

Determine a sound location of a talking person that wears a wearable
electronic device with microphones with respect to a listening person that
wears a wearable electronic device with microphones.

1200

Y

Measure, with the microphones of the wearable electronic devices of the
talking person and the listening person, sound impulses from the talking
person.

1210

\ 4

Calculate, from the measured sound impulses, HRIRs for the listening
person.
1220

Figure 12
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ABSTRACT

During an electronic call between two individuals, a sound localization point simulates a
location in empty space from where an origin of a voice of one individual occurs for the

other individual.

82
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CLAIMS

What is claimed is:

1. A method, comprising:

capturing, with an electronic earphone located at a head of a talking person,
binaural sound that will be provided to a listening person during a telephone call;

designating, with a computer system, a sound localization point in empty space
that is away from and proximate to the listening person such that the sound localization
point simulates an origin of the binaural sound at the empty space that the listening
person hears during the telephone call;

adjusting, with the computer system, the binaural sound captured at the earphone
of the talking person so the binaural sound originates during the telephone call from the
sound localization point in empty space that is away from and proximate to the listening
person; and

providing, with an electronic earphone located at a head of the listening person,
the binaural sound to the listening person during the telephone call such that the origin of
the binaural sound for the listening person occurs at the sound localization point in empty
space that is away from and proximate to the listening person.

2. The method of claim 1 further comprising:

tracking a head orientation of the listening person with respect to the sound
localization point;

adjusting an interaural time difference of the sound that the listening person hears
in response to the listening person changing the head orientation with respect to the

sound localization point.

3. The method of claim 1 further comprising:

receiving, from the listening person, a location that specifies a distance from the
listening person where to position the sound localization point in empty space that is
proximate to and away from the listening person.

76
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4. The method of claim 1 further comprising:

receiving, from the listening person, a designation of an object that is not an
electronic device and that is proximate to and away from the listening person such that
the binaural sound at the sound localization point appears to originate from the object.

5. The method of claim 1 further comprising:

determining a sound receiving point that simulates a location in empty space of the
listening person to whom the speaking person speaks;

tracking a physical location of the talking person with respect to the sound
receiving point;

adjusting an interaural level difference of the binaural sound that the listening
person hears in response to the talking person moving closer to and away from the sound

receiving point.

6. The method of claim 1 further comprising:

capturing binaural sound from a second talking person;

designating a second sound localization point in empty space that is away from
and proximate to the listening person such that the second sound localization point
simulates an origin of the binaural sound from the second talking person that the listener
hears;

positioning the second sound localization point adjacent to the sound localization
point such that the binaural sound captured from the talking person appears to originate
from the sound localization point and the binaural sound captured from the second talking
person appears to originate from the second sound localization point.

7. The method of claim 1 further comprising:

recording the binaural sound as a voice message from the talking person to the
listening person;

receiving, from the talking person, a coordinate location that will trigger playback of
the voice message to the listening person;

77
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providing the voice message to the listening person when the listening person
physically moves into the coordinate location.

8. A non-transitory computer readable storage medium storing instructions that cause a
computer system to execute a method, comprising:

commence an electronic call between a first individual wearing an electronic earphone
and a second individual that are remote from each other;

designate, for the first individual, a sound localization point that simulates a location in
empty space from where an origin of a voice of the second individual occurs for the first
individual through the electronic earphone such that the sound localization point in empty
space is located away from and proximate to the first individual,

execute the electronic call such that the origin of the voice of the second individual
appears to the first individual to originate from a fixed location that is the sound
localization point in empty space while the first individual moves and changes a location
and a head orientation with respect to the sound localization point; and

maintain the origin of the voice of the second individual at the sound localization point
but alter an interaural time difference of the voice that the first individual hears in
response to the first individual moving the head orientation with respect to the sound

localization point.

9. The non-transitory computer readable storage medium storing instructions of claim 8
further to cause the computer system to execute the method comprising:

maintain the origin of the voice of the second individual at the sound localization
point but alter an interaural level difference of the voice that the first individual hears in
response to the first individual moving closer to and away from the sound localization

point.

10. The non-transitory computer readable storage medium storing instructions of claim 8
further to cause the computer system to execute the method comprising:

monitor movements of the head orientation of the first individual in response to the
first individual localizing the voice of the second individual during the electronic call;
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adjust head-related transfer functions (HRTFs) of the first individual to more
accurately simulate real HRTFs of the first individual in response to the movements of the
head orientation of the first individual localizing the voice of the second individual during

the electronic call.

11. The non-transitory computer readable storage medium storing instructions of claim 8
further to cause the computer system to execute the method comprising:

determine physical objects located in a room with the first individual;

adjust, based on the physical objects located in the room, the voice of the second
individual that the first individual hears such that the voice simulates a natural voice that
the first individual would hear if the second individual spoke to the first individual while the

first individual and the second individual were proximate to each other in the room.

12. The non-transitory computer readable storage medium storing instructions of claim 8
further to cause the computer system to execute the method comprising:

add a third individual to the electronic call;

designate, for the first individual, a sound localization point that simulates a
location in empty space from where an origin of a voice of the third individual occurs for
the first individual through the electronic earphone such that the sound localization point

of the third individual is adjacent to the sound localization point of the second individual.

13. The non-transitory computer readable storage medium storing instructions of claim 8
further to cause the computer system to execute the method comprising:

determine a size and a shape of a room in which the first individual and the sound
localization point are located;

adjust, based on the size and the shape of the room, the voice of the second
individual that the first individual hears such that the voice simulates a natural voice that
the first individual would hear if the second individual spoke to the first individual while the

first individual and the second individual were proximate to each other in the room.

14. The non-transitory computer readable storage medium storing instructions of claim 8
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further to cause the computer system to execute the method comprising:
receive, from the first individual, commands that move the sound localization point
from a first point in empty space that is away from and proximate to the first individual to a

second point in empty space that is away from and proximate to the first individual.

15. A computer system, comprising:

a first wearable electronic device that a first person wears;

a second wearable electronic device that a second person wears and that captures
a binaural voice of the second person during an electronic phone call with the first
wearable electronic device that the first person wears;

a memory that stores instructions; and

a processor that executes the instructions to adjust the binaural voice of the
second person during the electronic phone call in order to position a sound localization
point of the binaural voice to a location that is away from and proximate to the first
person, wherein the sound localization point represents an origin of the binaural voice of

the second person to the first person.

16. The computer system of claim 15, wherein the processor further executes the
instructions to determine a location of an empty chair that is proximate to the first person

and position the sound localization point at the empty chair.

17. The computer system of claim 15, wherein the processor further executes the
instructions to change an interaural time difference (ITD), an interaural level difference
(ILD), and a head-related transfer function (HRTF) in order to position the sound
localization point of the binaural voice to the location that is away from and proximate to
the first person.

18. The computer system of claim 15, wherein the processor further executes the
instructions to change an interaural time difference, an interaural level difference, and a
head-related transfer function of the binaural sound in order to maintain the sound
localization point fixed at the location during the electronic phone call while the first
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person physically moves away from the location and changes a head orientation with
respect to the location.

19. The computer system of claim 15, wherein the processor further executes the

instructions to change attenuation and reverberation of the binaural sound in order to add
artificial audial cues of virtual objects near the second person, wherein the virtual objects
do not actually exist near the second person but are perceived to exist by the first person

from the artificial audial cues.

20. The computer system of claim 15, wherein the processor further executes the
instructions to determine whether the first person is located in one of a public place and a
private place and to determine a distance to place the sound localization point and a
virtual microphone point from the first person based on whether the first person is located
in one of the public place and the private place.
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10

Sound Localization for an Electronic Call

BACKGROUND

Electronic devices typically provide monophonic or stereophonic sound to users. This
sound has good speech intelligibility but is not equivalent to sound that the listeners would
hear if they were proximate to a source of the sound. During a telephone call for example,
listeners hear sound through a speaker in the electronic device or through headphones
attached to the electronic device. This sound is not comparable in quality to sound that

the listeners would hear if they were communicating face-to-face with each other.

Meta Platforms, Inc. Exhibit 1002
Page 31 of 163



10

15

20

25

30

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a method to provide sound that is localized at a sound localization point in

accordance with an example embodiment.

Figure 2 is a method to adjust sound as a listener moves with respect to a sound

localization point in accordance with an example embodiment.

Figure 3 is a method to adjust sound in an electronic call in response to a listener moving
a location and a head orientation with respect to a sound localization point in accordance

with an example embodiment.

Figure 4 is a method to adjust sound that a listener hears as a talker moves with respect

to a virtual microphone point in accordance with an example embodiment.

Figure 5 is a method to adjust sound that a listener hears as a talker moves with respect
to a virtual microphone point during an electronic call between the talker and the listener

in accordance with an example embodiment.

Figure 6 is a method to designate sound localization points for individuals during an

electronic call in accordance with an example embodiment.

Figure 7 is a method to adjust sound based on a physical environment of an individual in

accordance with an example embodiment.

Figure 8 is a method to adjust sound based on an artificial environment in accordance

with an example embodiment.

Figure 9 is a method to adjust HRTFs of an individual during an electronic call in

accordance with an example embodiment.
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Figure 10 is a method to execute recorded sound at a sound localization point in

accordance with an example embodiment.

Figure 11 is a method to select HRTFs for a listener in accordance with an example

embodiment.

Figure 12 is a method to calculate HRIRs for a listener in accordance with an example

embodiment.

Figure 13A shows a sound source providing a sound wave to a listener facing the sound

source in accordance with an example embodiment.

Figure 13B is a graph of a sound wave arriving at the listener in Figure 13A in accordance

with an example embodiment.

Figure 13C shows the sound source providing a sound wave to the listener facing away at
ninety degrees (90°) from the sound source in accordance with an example embodiment.

Figure 13D is a graph of a sound wave arriving at the listener in Figure 13C in

accordance with an example embodiment.

Figure 14 is a graph of ITDs for various head orientations with respect to a propagation

direction of the sound wave in accordance with an example embodiment.

Figure 15 is a graph of ILDs for various sample frequencies across head orientations from
0° to 180° with respect to a propagation direction of a sound wave in accordance with an

example embodiment.

Figure 16 is an electronic system that includes users and electronic devices at different

geographical locations in accordance with an example embodiment.
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Figure 17 is an electronic system that includes a listener wearing a wearable electronic

device in accordance with an example embodiment.

Figure 18 is an electronic system in which electronic devices of two individuals

communicate during an electronic call in accordance with an example embodiment.

Figure 19 is an electronic system that includes a wearable electronic device of an

individual in accordance with an example embodiment.

Figure 20 is an electronic system in which electronic devices of two individuals

communicate during an electronic call in accordance with an example embodiment.

Figure 21 is an electronic system in which electronic devices of two individuals

communicate during an electronic call in accordance with an example embodiment.

Figure 22 is an electronic system in which electronic devices of two individuals

communicate during an electronic call in accordance with an example embodiment.

Figure 23 is an electronic system in which electronic devices of multiple individuals

communicate during an electronic call in accordance with an example embodiment.

Figure 24 is another electronic system in which electronic devices of two individuals

communicate during an electronic call in accordance with an example embodiment.

Figure 25 is another electronic system in which electronic devices of two individuals

communicate during an electronic call in accordance with an example embodiment.

Figure 26 is an electronic system that includes multiple electronic devices and storage in

communication with each other in accordance with an example embodiment.
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SUMMARY OF THE INVENTION

One example embodiment is a computer system in which two electronic devices
communicate with each other during a telephone call between two people. The computer
system positions a voice of one person at a sound localization point that is proximate to
the other person.
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DETAILED DESCRIPTION

Example embodiments include systems, apparatus, and methods that provide a sound

localization point (SLP) to a listener.

In order to determine a location of sound, humans process and compare monaural cues
from each ear. This comparison reveals difference cues or binaural cues that enable
sound localization. These cues include interaural time differences (ITDs), interaural level
differences (ILDs), and head-related transfer functions (HRTFs). Cues thus result from
changes to the sound wave from an interaction with the human anatomy. Humans
process these changes as impulse responses or head-related impulse responses
(HRIRs). Once the HRIRs for an individual are known, the associated or transformed
HRTFs can be calculated. The HRIRs and transformed HRTFs enable sound to be
convolved such that a location of the sound or sound localization point can be changed. A
listener hears the convolved sound as if it had originated from the sound localization

point.

Figure 1 is a method to provide sound that is localized at a sound localization point.

Block 100 states capture sound that will be provided to a listener.

Different types of sound (such as monophonic, stereophonic, and binaural sound) can be
received, recorded, stored, augmented, generated, processed, and/or transmitted. This
sound can be provided in real-time to a listener, processed and delayed, or stored in
memory. Examples of capturing sound include, but are not limited to, A-B technique or
Time Difference Stereo (e.g., using two spaced apart omnidirectional microphones to
record audio signals), X-Y technique or Intensity Stereophony (e.g., using two
microphones at a same location and pointed at different angles), Mid/Side Stereophony
(e.g., using two bidirectional microphones facing different directions), Near-Coincident
technique (e.g., combining principles of the A-B technique, the X-Y technique, or other
techniques), processing monophonic sound (e.g., processing recorded monophonic
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sound to create an impression of stereo sound), spaced microphones on a dummy or
model human head (e.g., placing microphones in an eardrum or at the ear of an artificial
head or a printed 3D head), spaced microphones on a real human head (e.g., placing
microphones in eardrum or at the ear of the human head), spaced microphones on a
stationary or moving object such as a purse, a human, an electronic device, a motorized
vehicle, a bicycle, etc., augmented stereo (e.g., recording stereo sound and processing it
to imprint head-related transfer functions (HRTFs) to produce binaural sound), a
technique that uses one or more microphones (e.g., spacing microphones to capture
sound), or generated sound with a computer.

Block 110 states designate a sound localization point at a location in empty space that is
away from and proximate to a location of the listener such that the sound localization
point simulates an origin of the sound that the listener hears.

A listener of the detected sound can localize the sound to determine a distance and a
direction of the sound. For example, a listener of a detected sound perceives a point or an
area (i.e., a sound localization point) from where the sound emanates or originates. For
captured sound replayed electronically, this perceived sound localization point is at or
near the device emitting the sound, such as an electronic speaker. Example
embodiments can modify or move the sound localization point to a location that is apart
from and away from the device emitting the sound. A sound localization point can exist in
a three-dimensional (3D) position described by an azimuth or horizontal angle, elevation
or vertical angle, and distance from the listener for static sounds or velocity with respect
to the listener for moving sounds. A sound localization point can also exist in a two-
dimensional (2D) position described by an azimuth or horizontal angle and distance from
the listener for static sounds or velocity with respect to the listener for moving sounds.

For example, if a position and a shape of the ears of a listener are known or estimated to
a suitable degree of accuracy, binaural sound delivered to this listener can be altered in
order to create, move, and/or adjust the sound localization point. A location of sound
and/or a direction to the sound can be altered or created using one or more of head-
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related transfer functions (HRTFs), accounting for differences in arrival times between the
ears (interaural time differences), differences in amplitude or level of the sound between
the ears (interaural level differences), asymmetrical spectral reflections from parts of the
body (such as torso, shoulders, and pinnae), phase delays, group delays, and a ratio of
the direct signal to the reverberated signal.

A computer, electronic device, or a person can designate the sound localization point. For
example, a listener may set a sound localization point to follow him as he moves,
remaining at a fixed point in his frame of reference, adjacent to or near himself, such as a
point three feet to his left at the height of his own head. As another example, a computer
program may set a sound localization point at a static geographic location such as a
predetermined Global Positioning System (GPS) location or a specific location in a room
or building. As another example, a speaking person could set the sound localization of
his transmitted voice to a point within the reference frame of the listener, six inches from
the face of the listener. As another example, an electronic device such as a tablet may set
the default sound localization of music it is playing to a point one foot directly above
where it lays flat on a desk.

Block 120 states adjust the sound so the sound originates from the sound localization
point at the location in empty space that is away from and proximate to the location of the

listener.

Adjustments to the sound are made so the sound emanates or originates from the sound
localization point. For example, the sound is processed so sound localization occurs for
the listener to emanate from or originate at the sound localization point. For instance, the
sound is processed to alter, add, or generate head-related transfer functions (HRTFs),
interaural time differences, and/or interaural level differences to correspond to a fixed or
variable distance from the listener, a coordinate location or a GPS location of the sound

localization point.

Block 130 states provide the sound to the listener such that the listener localizes the
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origin of the sound at the sound localization point in empty space.

The sound appears to emanate from or originate from the sound localization point that is
away from the listener. The origin of this sound can be a location in empty space, such as
a place where no physical object exists or a location where a physical object exists.
Further yet, an origin of this sound from the point-of-view of the listener can be proximate
to the listener (such as in a same room) or far away from the listener (such as several

kilometers away).

A sound localization point (SLP) or a virtual microphone point (VMP) can be designated to
an empty space, an occupied space, or an available space. For example, an available
space is an empty space that is also unoccupied by a SLP, VMP, virtual object, or other
manifestation or representation of a remote real or virtual character or object. An
individual may also designate in accordance with these embodiments a non-empty or a
non-available space as a SLP and/or VMP. For example a listener designates a chair as
SLP for a remote speaking person, and the chair is occupied by a doll or pet dog in which
case the listener would perceive the voice of the remote speaking person as emanating
from the doll or dog. In another example where a listener is conversing with two other
people on a conference call, the listener designates the SLP of both voices at the same
cigar box laying on the conference table, and the VMP of both voices also at the point of
the cigar box. These designations create a perception for the listener that both voices are
emanating from the same cigar box, and both are listening from the same cigar box.

In an example embodiment, a distance from the sound localization point to the listener is
different than a distance from an origin of the sound to the microphones that captured the
sound. Furthermore, a horizontal angle and/or a vertical angle from the sound localization
point to the listener are different than a horizontal angle and a vertical angle from the
origin of the sound to the microphones. For example in a Cartesian coordinate system, a
microphone is located at (0, 0, 0) with an origin of sound located at (5, 9, 15). The sound
is adjusted to change one or more of the (X, Y, Z) coordinates. For instance, when a
listener is located at (0, 0, 0), an origin of the sound or the sound localization point for the
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listener appears to originate from (10, 17, 25). As another example, microphones are
located in earpieces of a talking person. A listening person wears earpieces with
speakers in each ear and hears a voice of the talking person originating from a point that
is ten feet to one side of the listening person at a height equal to a height of the listening

person.

The coordinates and/or locations of multiple different sounds can simultaneously be
changed. For example, microphones capture sound from two different speaking people
and from a background noise source. Locations of the speaking people with respect to
the microphones are altered, and the background noise is filtered.

Consider an example in which binaural sound of a bird chirping is recorded while
microphones are two feet away from and at a same height of the bird. A listener of this
recording would localize the bird to be two feet away since the microphones were two feet
away from the real bird at the time of the recording. The sound localization point (i.e., two
feet away from the listener) is changed to generate a different sound localization point.
For example, the binaural sound is processed to change the sound localization point from
being two feet away from the listener to being thirty feet away from the listener. In this
example, moving the sound localization point includes changing one or more of
localization of a vertical elevation of the sound, a horizontal elevation of the sound, and a
distance to an origin of the sound.

Consider an example in which a listener sits at his kitchen table and has an electronic
telephone call with his mother. Both the listener and the mother wear electronic devices in
or near their ears that capture, transmit, and provide sound for the telephone call. These
electronic devices record binaural sound of the speaker and provide binaural sound to the
listener. The listener designates an empty kitchen chair next to him as a sound
localization point for the voice of his mother. During the telephone call, the voice of the
mother appears to originate from the empty kitchen chair such that the listener localizes
her voice to this location. From the point of view of the listener, the telephone
conversation sounds like the mother is sitting in the kitchen chair and talking to the
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listener.

Figure 2 is a method to adjust sound as a listener moves with respect to a sound

localization point.

Block 200 states designate for a listener a sound localization point in empty space that
simulates a location of a source of sound that the listener hears such that the sound

localization point is away from and proximate to the listener.

A person or an electronic device designates the location of the sound localization point.
For example, the listener of the sound, a speaker of the sound, or a computer that
transmits, processes, stores, and/or provides the sound designates where an origin of the
sound will occur. This location for the origin of the sound can be different from a

localization point when the sound was recorded or captured.

Consider an example in which two spaced apart microphones record binaural sound.
These microphones are stationary in a room and record the following sounds that occur in
the room: footsteps at a first coordinate (a first vertical angle, a first horizontal angle, and
a first distance), a voice of a person talking at a second coordinate (a second vertical
angle, a second horizontal angle, and a second distance), and a sound of an opening
door at a third coordinate (a third vertical angle, a third horizontal angle, and a third
distance). The binaural recordings of the three sounds (i.e., footsteps, voice, and opening
door) can be stored to preserve their original sound localization points. As such, a listener
of the recording would hear the footsteps at the first coordinate, the voice at the second
coordinate, and the opening door at the third coordinate. Alternatively, the binaural
recordings of these three sounds can be altered to change their respective sound
localization points to new or different sound localization points. As such, a listener of the
altered recording would hear the footsteps at a fourth coordinate different than the first
coordinate, the voice at a fifth coordinate different than the second coordinate, and the
opening door at a sixth coordinate different than the third coordinate.
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Block 210 states determine a location and a head orientation of the listener with respect
to the sound localization point in empty space.

The sound localization point can represent an origin of a sound, such as a voice of a
person. The sound appears to emanate from the sound localization point as if the person
were located at this point and speaking.

The listener has a head orientation and a location with respect to this sound localization
point. For example, a head orientation of the listener could be directed at, toward, or away
from the sound localization point. A location of the listener could be at, next to, near, or far
from the sound localization point. The location and head orientation can be given as
distances and angles, such as being at an X-Y-Z coordinate or being ten degrees (10°)

azimuth, twenty-five degrees (25°) elevation, and six (6) feet.

Measurements can be made of the location and the head orientation of the listener with
respect to the sound localization point. By way of example, these measurements can be
made with one or more electronic devices with facial recognition, a motion capture
system, a gaze tracker, a GPS locator, a system tracking angular head velocity and/or
acceleration, a camera (including a camera in a computer or an augmented or virtual
reality application), a tag (such as a radio, radio frequency identification (RFID), or GPS
tag system), binaural headsets or ear pieces (for example sensing interaural level
differences and/or interaural time differences), a laser, a sensor (such as a sensor located
in a smartphone on which a person speaking), a gyroscope, a magnetometer, and an
accelerometer. For instance, a head orientation tracker measures one or more rotational
head orientations of yaw (side-to-side or left and right), pitch (up and down), and roll
(tilting) of the head.

Block 220 states adjust the sound as the listener moves with respect to the sound
localization point in empty space such that the location of the source of the sound that the
listener hears continues to emanate from or originate from the sound localization point

even as the listener moves and changes the location and the head orientation with
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respect to the sound localization point.

Measurements for the head orientation and location of the listener can occur in real-time,
such as being measured continuously, continually, periodically, in response to motion, or
in response to an action or event. As the listener moves a head orientation and/or a
location with respect to the sound localization point, the sound continues to appear to
emanate or originate from the sound localization point. For example, adjustments are
made to amplitude of the sound, interaural time differences, interaural level differences,
and head-related transfer functions (HRTFs). These adjustments are made in real-time as

the listener moves.

Consider an example in which sound of an artificial or imaginary bird singing is localized
to a real tree in a park. A listener wears an earpiece that communicates with an electronic
system that provides binaural sound recordings of the bird to the listener. The electronic
system tracks a location and a head orientation of the listener with respect to the tree.
Assume the listener is standing in the park such that the listener hears the sound of the
bird singing up in the tree that is located behind the listener. The singing of the bird thus
appears to emanate from the tree that is behind the listener. As the listener turns around
to face the tree, adjustments are made to the binaural sound such that the singing
appears to emanate in the tree and in front of the listener. As the listener walks toward
the tree, amplitude of the singing increases (i.e., the sound gets louder) since the listener
is moving closer to the sound localization point of the bird singing in the tree. If the
listener walked to a location under the tree, then the singing of the bird would appear to

be directly above the listener.

Consider an example in which a listener has a video call with a friend on a notebook
computer. An image or video of the friend appears on a display of the notebook computer,
and the listener wears earphones that provide binaural sound to the listener. The
notebook computer tracks a position of the listener as he moves with respect to the
notebook computer. Variations in the binaural sound emulate variations as if the notebook
computer were the head of the friend such that the listener localizes sound to the
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notebook computer that is a sound localization point. In other words, from a pure audial
point-of-view, the listener hears his friend as if his friend were situated at the location of
the notebook computer. Adjustments are made to the interaural time differences,
interaural level differences, and HRTFs as the listener moves his body and head with
respect to the location of the notebook computer.

Consider an example in which voices of participants in an electronic conference call are
localized to specific points or areas in space around one or more participants. Sound is
then adjusted based on head orientation and/or location of the participants. Talking with a
person over an electronic device more closely emulates talking with the person as if both
parties were talking directly to each other.

During a communication between two or more participants, binaural sound is adjusted in
real time in response to movements of the participants in order to emulate the experience
of talking face-to-face directly with a human. The sound that a listener hears also changes
as the listener changes a distance to the sound localization point. For example, sound
intensity decreases inversely proportional to a square of the distance from a measuring
point (e.g., an ear of a listener) to an origin of the sound. Sound that a listener hears also
changes as the head orientation of the listener changes with respect to the origin of the
sound, such as moving the head left-right, up-down, or in a tilting motion. For example,
the interaural time difference changes as the listener moves his head and changes an
angle with respect to the sound source, such as changing from a 0 degree azimuth to a
180 degree azimuth.

Consider a first scenario in which John and Paul are talking as they sit twelve feet apart in
an apartment room. During the conversation, John stands from his chair, walks to the
refrigerator, opens a can of soda, and returns to his chair. Paul remains in his chair as
John walks to the refrigerator. Paul hears John since both individuals are located in the
room together.

Consider a second scenario in which Paul travels to another country, and John initiates a
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video call with Paul. John sits in his chair and his notebook computer rests in Paul’s chair
that is twelve feet away (i.e., the same chair where Paul sat in the first scenario). John
and Paul have the same conversation as in the first scenario, and John performs the
same actions (i.e., during the conversation, John stands from his chair, walks to the
refrigerator, opens a can of soda, and returns to his chair). In this second scenario, the
notebook computer provides Paul’'s voice in stereo sound. John does not hear or perceive
Paul’s voice in the same manner as the first scenario since the notebook computer

provides Paul’s voice in stereo sound.

Consider a third scenario in which Paul travels to another country and initiates a call with
John. John and Paul both wear electronic earpieces that record and provide binaural
sound. When the call initiates, the voice of Paul is localized to his empty chair in John's
apartment while John sits in his chair. John and Paul have the same conversation as in
the first scenario, and John performs the same actions (i.e., during the conversation, John
stands from his chair, walks to the refrigerator, opens a can of soda, and returns to his
chair). In this third scenario, John hears and perceives Paul’s voice in a same manner as
in the first scenario. In the first and third scenarios, Paul’s voice had a same sound
localization point for John even as John moved around the room. In the first and third
scenarios, the sound intensity, the interaural time differences, the interaural level
differences, and output from the HRTFs changed in real time as John stood from his
chair, walked to the refrigerator, opened the can of soda, and returned to his chair. From
John’s point-of-view, the first and third scenarios were audibly the same since the sound
that John heard in the third scenario copied or emulated the sound that John heard in the

first scenario.

Consider a fourth scenario in which John specifies a sound localization point in the
apartment for Paul’s voice on the occasion of each call, such as specifying a location on a
couch or standing in a doorway. Alternatively, Paul’s voice originates from a starting
default sound localization point on the occasion of each call. For example, this default
sound localization point is three feet from John at a vertical height equivalent to the
vertical height of John's head.
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Consider a fifth scenario that is similar to the third scenario. In the fifth scenario, however,
the sound localization point of Paul changes or moves during the conversation. Initially,
Paul’s voice is localized to his chair. When John stands up and begins to walk toward the
refrigerator, the sound localization point of Paul moves and follows John as if Paul were
present in the apartment and moving with the sound localization point.

Consider an example in which a listener is located in a room with speakers, and the
listener does not wear headphones or an electronic device providing sound to the ears.
The speakers provide binaural sound to the listener, and a crosstalk cancellation (CTC)
system adjusts, removes, filters, or moves a crosstalk location in real-time as the listener
moves around the room. Multiple sound localization points exist in the room, and binaural
synthesis of sound dynamically occurs in real-time as the listener moves his head and/or
body. As the listener walks around the room, the sound localization points remain fixed or
unmoved to provide virtual sound sources located in the room. If the virtual sound source
represents a fixed object, then the virtual sound source remains fixed in the room. For
instance, sound that emanates from a virtual water fountain is a fixed sound source since
the virtual water fountain does not move. If the virtual sound represents a moving object,
then the virtual sound source moves in the room. For instance, sound that emanates from
a virtual bird can move since the bird can fly from one location in the room to another

location in the room and thus change its sound localization point.

Figure 3 is a method to adjust sound in an electronic call in response to a listener moving

a location and a head orientation with respect to a sound localization point.

Block 300 states commence an electronic call between a first individual and a second
individual that are remote from each other.

The electronic call can be commenced with an electronic device that includes, but is not

limited to, a smartphone, a computer (such as a tablet computer, a notebook computer, a
desktop computer, etc.), a handheld portable electronic device (HPED), a wearable
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electronic device (such as electronic glasses, an electronic watch, an electronic earpiece,

headphones, etc.), a telephone, a computer system, and an electronic system.

The first and second individuals are acoustically remote from each other, such as being in
separate physical or computer-generated rooms, separate physical or virtual buildings,
separate virtual realities or online games or computer rendered chat or play spaces,
different cities, different states, different countries, etc.

Block 310 states designate, for the first individual, a sound localization point that
simulates a location in empty space from where an origin of a voice of the second

individual occurs for the first individual.

The sound localization point represents a location where the first individual localizes the
voice of the second individual during the electronic call. Even though the second
individual is physically or virtually remote from the first individual, the first individual can
localize the voice of the second individual in a similar manner as if the second individual
were proximate to and talking with the first individual (such as both individuals being in a
same room together).

Block 320 states execute the electronic call such that the origin of the voice of the second
individual appears to the first individual to originate from the sound localization point while
the first individual moves and changes a location and a head orientation with respect to
the sound localization point.

As the first individual moves with respect to the sound localization point, the voice of the
second individual continues to emanate from or originate from a fixed or stationary
location at the sound localization point in the environment of the first individual. These
movements include the first individual changing his distance to the sound localization
point and moving or rotating his head with respect to the sound localization point.

A sound localization point can exists as a single point in space (such as emulating a point
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source of sound from a person speaking) or as an area in space (such as a two

dimensional (2D) area, a plane, or a three dimensional (3D) volume in space).

Block 330 states maintain the origin of the voice of the second individual at the sound
localization point but alter a HRTF, an interaural level difference, and/or an interaural time
difference of the sound that the first individual hears in response to the first individual

moving the location and the head orientation with respect to the sound localization point.

As the first individual moves with respect to the sound localization point, one or more
aspects of the sound are altered to compensate for the movements such that the sound
the first individual hears continues to be localized at the sound localization point. For
example, one or more of a HRTF, an interaural level difference, and/or an interaural time

difference are altered.

Consider an example in which a first and a second individual that are remote from each
other engage in an electronic call. A voice of the second individual localizes to the first
individual on a chair that is six feet directly in front of the first individual. During the
electronic call, the first individual moves closer to the chair while the voice of the second
individual remains unmoved on the chair. In response to this movement of the first
individual, a sound intensity of the voice of the second individual increases inversely
proportional to a square of the distance from the ears of the first individual to the sound
localization point at the chair. This change in sound intensity occurs in real time as the
first individual moves closer to the chair.

Continuing with this example of an electronic call, the first individual rotates his head to
his right while listening to the second individual. When the first individual was directly in
front of the sound localization point, the voice of the second individual reached both ears
of the first individual at the same time. When the first individual rotates his head to the
right, however, the voice of the second individual would first reach the left ear and then
reach the right ear of the first individual. The voice of the second individual is adjusted to

provide an interaural time difference and a shadowing effect that compensates for the
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degree of rotation of the head of the first individual.

Figure 4 is a method to adjust sound that a listener hears as a talker moves with respect
to a virtual microphone point (VMP).

Block 400 states designate a virtual microphone point in empty space that is away from
and proximate to a talker and that simulates a location of a listener with whom the talker

speaks.

By way of example, the virtual microphone point can be several inches to several feet or
farther from the talker. A person or an electronic device can establish the virtual
microphone point, such as designating a distance from the talker to the virtual
microphone point and a horizontal angle and a vertical angle from a head of the talker to
the virtual microphone point.

Block 410 states determine a location and a head orientation of the talker with respect to
the virtual microphone point in empty space.

By way of example, the virtual microphone point represents a mouth and head of the
listener. A determination is made of the distance from the ear or ears of the talker to this
point and a head orientation of the talker with respect to this point.

Block 420 states adjust sound that the listener hears the talker speak as the talker moves
with respect to the virtual microphone point in empty space such that an origin of the
sound that the listener hears follows the location and the head orientation of the talker.

By way of example, one or more adjustments are made to a HRTF, an interaural time
difference, and an interaural level difference of the sound provided to the listener. Sound
can also be adjusted based on calculations made for sound attenuation and sound

reverberation.
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Consider an example in which a talker is in an empty room and wears headphones or
earpieces with microphones that record binaural sound. A virtual microphone point is
twenty feet away from the talker and represents a location of a listener or a recording
location. This virtual microphone point is actually empty space since the room is empty
except for the presence of the talker. The microphones record binaural sound as the
talker walks around the room, speaks, and makes sounds (such as footstep sounds). An
electronic device tracks a location and a head orientation of the talker as the talker walks
around the room. These locations and head orientations are stored and correlated with
the sound being recorded. Adjustments to the sound are made as the talker moves and
changes location and head orientation. For example, sound intensity is adjusted as the
talker moves closer to and farther away from the virtual microphone point that was
designated as an imaginary, empty point in space. As another example, interaural time
differences change as the talker moves his head and/or walks around the virtual
microphone point (i.e., as the talker changes a horizontal and/or vertical angle with
respect to the virtual microphone point). The recorded sound is then provided to a listener
that is remote from the talker. The listener hears the recorded sound as if the listener
were present in the room with the talker and situated at the virtual microphone point.

Figure 5 is a method to adjust sound that a listener hears as a talker moves with respect

to a virtual microphone point during an elecronic call between the talker and the listener.

Block 500 states designate, in an electronic call between a talker and a listener that are
remote from each other, a virtual microphone point in empty space that is away from and
proximate to the talker and that simulates a location of the listener with whom the talker
speaks during the electronic call.

For example, the talker designates the virtual microphone point as a location next to the
talker, and this location represents a location of where the listener would be located if the
listener were physically present with the talker. This location is located where the listener
would be standing, sitting, or otherwise located if the two people were talking to each

other in person.
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Block 510 states determine a location and a head orientation of the talker with respect to
the virtual microphone point in empty space.

The virtual microphone point can include a simulated listener with a simulated body that
includes a head. This simulated head can have attributes such as a face, ears, mouth,
head orientation, etc. The location and the head orientation of the actual listener can be
determined with respect to these attributes of the simulated listener. For example, a
determination is made as to the head orientation of the talker with respect to the head
orientation of the simulated listener. For instance, the talker is looking toward, facing, and
speaking directly at the simulated listener (e.g., as if the listener and the talker were

standing, facing each other, and talking).

Block 520 states adjust sound that the listener hears the talker speak as the talker moves
with respect to the virtual microphone point such that the listener can determine changes
to the location and to the head orientation of the talker with respect to the virtual
microphone point.

Sound adjustments are made to emulate a sound that the listener would hear if the
listener and the talker were talking to each other in person with the listener being located
and orientated at the location of the virtual microphone point. In other words, a
determination is made as to what sound the listener would hear if the listener were
standing or sitting next to the talker or otherwise physically located at or proximate to the

virtual microphone point.

Consider an example in which a first person and a second person engage in an electronic
telephone call in which both people wear headphones with speakers and microphones to
capture and transmit binaural sound. The first person physically sits in a chair that faces
an empty second chair that has a sound localization point and a virtual microphone point
of a simulated or virtual second person. This simulated or virtual second person sits in the
chair with a head being located four feet from the ground and being orientated to face the
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first person. The second person is physically remote from the first person and the virtual
microphone point. Sound that the second person hears during the telephone call copies
or emulates the sound that the second person would hear if the second person were
sitting in the chair, facing the first person, and having a head located four feet from the
ground (i.e., orientated in the chair as the simulated second person). When the first
person moves his head orientation with respect to the chair, then adjustments to the
sound that the second person hears are made to compensate for these changes in head
orientation. Likewise, when the first person moves a location with respect to the chair
(e.g., moves toward or away from the second chair), then adjustments to the sound that
the second person hears are made to compensate for these changes in location.

Consider an example in which two people (a first individual and a second individual) are
communicating with each over an electronic telephone call. The first individual localizes a
voice of the second individual at a first sound localization point and a first virtual
microphone point that are next to the first individual, and the second individual localizes a
voice of the first individual at a second sound localization point and second virtual
microphone point that are next to the second individual. During the conversation and
while the second individual is talking to the first individual, the second individual walks
toward the second sound localization point and the second virtual microphone point (i.e.,
the point that represents a speaking and/or listening location for the first individual). This
action causes the intensity of sound that the first individual hears to increase since the
second person walks closer to the virtual microphone point. As the second individual
walks toward the second virtual microphone point, the voice of the second individual
becomes louder for the first individual. Increasing the volume of the sound in this manner
simulates or emulates a scenario in which the first and second individuals were physically

together and talking with the second individual walking towards the first individual.

The sound localization point and/or virtual microphone point can be a single location or
multiple different locations, such as one or more points or areas that represent a source
or origin of the sound or source for recording or capturing sound. For example, a point in

space represents a location of an ear of a person or a mouth of a person even though
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these points are actually empty (i.e., the person or another object is not located at this
point). As another example, the sound localization point and/or virtual microphone point
have a shape and size that represent and copy a shape and a size of the origin of the
sound. For instance, if the origin of the sound is a bluejay bird, then the sound localization
point has a size and shape of a real bluejay bird.

The sound localization point and virtual microphone points can emulate actions of the
object that the sound localization point and virtual microphone point represent. Consider
an example in which the sound localization point represents a chirping bluejay bird.
Movements and habits of a real bluejay bird are incorporated into the sound localization
point that emulates the bluejay bird. For instance, the sound localization point moves to
emulate a live, moving bluejay bird that is chirping in a tree. These movements and
actions can represent the real bluejay bird from whom the sound was captured, or the
movements and actions can represent characteristics of the species. Consider an
example in which the virtual microphone point represents a head and body of a listener,
and this point moves to emulate customary, habitual, previous, projected, or real-time

movements of the listener.

The sound localization point and virtual microphone point can also exist at a location that
iS occupied by an inanimate object (i.e., an object not endowed with life). This inanimate
object can copy the real object that provides or hears the sound. For example, sound
from a real bluejay bird emanates from a sound localization point of a plastic, artificial
bluejay bird. This artificial bluejay does not actually emit sound. Instead, binaural sound
that a listener hears appears to originate from a location in space that occurs at the
artificial bluejay bird. As another example, a manikin represents a virtual microphone
point for a remote listener while a talker talks to the manikin.

The inanimate object can be unrelated to the real object that provides the sound. For
example, sound from a real person emanates from a sound localization point of a wooden
chair. No sound originates from the chair or even near the wooden chair. Instead, the
sound is localized to the listener to appear to emanate from or originate from the wooden
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chair. As another example, a talker designates a virtual microphone point as an empty
chair. This chair does not actually include microphones since the actual or physical
microphones are located elsewhere, such as being located on, with, or near the talker.

Figure 6 is a method to designate sound localization points for individuals during an

electronic call.

Block 600 states commence an electronic call between a first individual, a second
individual, and a third individual that are remote from each other.

Each individual exists at a different geographical location, such as being in different
rooms, buildings, cities, states, countries, computer generated virtual spaces, etc.
Further, each individual has an electronic device that assists in executing the electronic
call.

Block 610 states designate, for the first individual, sound localization points that simulate
locations in empty space from where origins of voices of the second individual and the
third individual occur for the first individual.

A different sound localization point is designated for the second individual and for the third
individual. For example, these sound localization points represent a location of the
physical bodies of the second individual and the third individual, such as being at
locations where these individuals would be if they were present with the first individual.

Block 620 states execute the electronic call such that the origin of the voice of the second
individual appears to the first individual to originate from the sound localization point that
simulates the location in empty space of the second individual and such that the origin of
the voice of the third individual appears to the first individual to originate from the sound
localization point that simulates the location in empty space of the third individual.

Consider an example in which a first person desires to have a conference call with a
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second individual and a third individual. The first person sits at a large wooden table that
is located in an office conference room. A sound localization point for the second
individual is designated at a first empty chair at the table, and a sound localization point
for the third individual is designated at a second empty chair at the table. During the
conference call, a voice of the second individual that the first individual hears appears to
originate from the first empty chair, and a voice of the third individual that the first
individual hears appears to originate from the second empty chair.

Consider an example in which a first person engages in an electronic call with a second
person and a third person that are remote from the first person. From a point-of-view of
the first person, a voice of the second person localizes on a couch in a family room, and a
voice of the third person localizes in a doorway that is fifteen (15) feet away from the
couch. The first person wears electronic glasses that include microphones that capture
sound and transmit the sound to the second and third persons. When the first person
talks in the family room, sound transmits to the second and third persons based on a
head orientation of the first person and a distance between the localization points and the
first person. During the call, the first person walks to the couch, turns his head away from
the doorway, and speaks in a low voice to the sound localization point of the second
person on the couch. The second person hears this voice, but the third person is not able
to hear the voice since the sound provided to the third person is adjusted based on a
distance to the third person’s localization point at the doorway and a head orientation of
the first person away from the third person’s localization point. Sound transmits to the
second and third persons as if they were present in the family room at their respective

localization points.

An electronic device can intelligently assign locations for one or more sound localization
points or virtual microphone points. Selection of the location can be based on, for
example, available space near the listener, location of another person, previous
assignments of sound localization or virtual microphone points, type or origin of the
sound, environment in which the listener is located, objects near the person, a social

status or personal characteristics of a person, a person with whom the listener is
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communicating, time of arrival or reservation or other time-related property, etc.

Consider an example in which a first individual engages in a conference call with a
second individual and a third individual who are localized at chairs around a conference
table. A fourth individual decides to join this conference call, and a sound localization
point for this fourth individual is automatically located in an empty chair at the conference
table such that the sound localization points for the second, third, and fourth individuals

are equally spaced around the conference table.

A designation of a sound localization point can be based on tracking and location
information of a person. Consider an example in which a boss walks into an office of his
employee and habitually stands at or near a doorway while talking to the employee in the
office. This location of the doorway where the boss stands in the office is a preferable,
habitual, or favorite location since the boss repeatedly stood there on numerous previous
occasions. Subsequently, the boss telephones the employee while the employee is
located in the office. A voice of the boss automatically localizes to the location in the

doorway.

Consider an example in which an individual sits on a park bench next to a playground that
is void of other people. The individual listens to sounds of singing birds that are localized
to a tree next to the park bench. The individual interacts with his smartphone and selects
the addition of children to his audial proximity. A software program determines a GPS
location of the individual and determines an existence of a playground nearby. The
software program intelligently localizes sounds of children to exist at the playground. The
individual sits at the park bench and listens to birds singing in the tree and children
playing on the playground even though the tree is void of any birds and the playground is
void of any children.

Intelligent localization of an origin of sound can also occur based on a location and/or
orientation of the listener. For example, an individual designates telephone calls to have

sound localization points four feet from his face. When an incoming call occurs, a location
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and orientation of the face of the individual are determined in order to place the sound
localization point of the caller at the designated location.

Intelligent localization of an origin of sound can also occur based on participants in a call.
Different individuals are assigned to different sound localization points. For example,
while a man is in his bed, his wife calls. Her voice is localized to a location adjacent the
man on the bed. After the call is finished, the man receives another call from his brother.
The voice of the brother localizes to a doorway in the bedroom while the man is in his
bed.

Intelligent localization of an origin of sound can also occur based on other events, such as
time of day. Sounds are localized to different locations depending on what time of day the
call occurs. For example, calls with an individual that occur in the morning are localized
five feet from the individual, and calls that occur in the afternoon or evening are localized
eight feet from the individual.

Consider an example in which a person carries as HPED that communicates with
earpieces that have speakers. The HPED determines a Global Positioning System (GPS)
location of the person and determines that the person is located in a public coffee shop.
The HPED receives a telephone call and positions, based on the GPS information, a
sound localization point (SLP) and voice microphone point (VMP) of the caller are placed
proximate to a head of the person (e.g., between one and three feet from a face and/or
mouth of the person). The person is in a public place and prefers not to speak loudly
during the telephone call so the SLP and VMP are close to the face and mouth of the
person. Later, the person goes home to his apartment and receives a telephone call. The
HPED determines a GPS location of the person being home and positions, based on the
GPS information, a SLP and a VMP of the caller in front of the person (e.g., between
three and ten feet from a face and/or mouth of the person). The person is in a private
place (i.e., his home) and is comfortably speaking more loudly than while in the public
place during the telephone call so the SLP and VMP are farther away from the face and
mouth of the person. As such, a location of the SLP and VMP are based on an electronic
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device determining a location of the person (such as being in a public or private location,
being proximate to other persons, being proximate to strangers versus friends, etc.). For
instance, a public place is a location that is open to the public (e.g., a place with a right of
common passage), and private place is a location that is not open to the public (e.g., a

house, an apartment, or an office room).

The sound localization point or virtual microphone point can also be changed so as not to
conflict with an object, a location, another SLP, another VMP, a person, or an event. For
example, a SLP defaults to a point in space that is five feet from a listener in a certain
direction, but a wall in a room is located four feet from the listener in this direction. In this
example, the SLP changes to be three feet from the listener since this location is not
beyond the wall. For example, while a person drives a car, a SLP of a participant during a
telephone call occurs in an empty passenger seat next to the driver. Another participant
calls the driver during the telephone call, and a second SLP is added to an empty back

seat in the car since the front passenger seat is already occupied with a SLP.

A default SLP or VMP can also be changed when such a point is not practical or
convenient. For example, a person designates a SLP for telephone calls to be five feet in
front of his face. The person receives a phone call while driving a vehicle, but the SLP
would be outside of the vehicle in front of the windshield and hence not in a practical or
convenient location. The SLP is automatically changed to be two feet to one side of the
person and hence in the vehicle.

Figure 7 is a method to adjust sound based on a physical environment of an individual.

Block 700 states capture sound at a first geographical location having first environmental

conditions.

This sound is captured at a first geographical location, such as in a room, in a building,
outdoors, etc. The first geographical location has a first set of physical, environmental, or

ambient conditions, such as temperature, humidity, wind, terrain, elevation, objects
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(manmade or natural) at the location, size and/or shape of structure in which the sound is
captured (e.g., if sound captured indoors as opposed to captured outdoors), etc.

Block 710 states determine, for an individual to receive the sound, second environmental
conditions at a second geographical location of the individual.

The origin of the sound is captured at a first geographical location with first environmental
conditions. The individual to receive the sound exists at a second geographical location
with second environmental conditions that are different than the first environmental

conditions.

The conditions, objects, and circumstances that surround an individual or a thing creates
an environment that has an impact on how sound transmits and how this sound is heard.
The environmental conditions or physical environment include, but are not limited to,
movable objects (such as furniture, electronic and non-electronic devices, people, things,
etc.), immovable objects (such as walls, doorways, ceilings, rooms, floors, structures,
etc.), size and shape of a room or a location in which sound propagates, natural objects
(such as trees, grass, plants, etc.), manmade objects, weather or ambient environmental
conditions (such as temperature, humidity, wind, precipitation, etc.), background or
ambient noise at the environment, electromagnetic interference, data bandwidth or data
latency limitations or fluctuations within a network of the environment or adjacent
networks, and limitations and fluctuations in rendering speed, resolution, and accuracy of

computer generated virtual locations.

Consider an example in which the sound is captured from a first individual located in one
city and state while the first individual is located in a recording studio sound room. The
sound is then provided to a second individual located in another city and state while the

second individual is standing outdoors in a snow covered field.

Block 720 states adjust, based on the second environmental conditions at the second
geographical location, the sound such that the sound simulates a natural sound that the

29

Meta Platforms, Inc. Exhibit 1002
Page 59 of 163



10

15

20

25

30

individual would hear if the origin of the sound occurred in the second environmental

conditions at the second geographical location with the individual.

Sound is adjusted to compensate for a physical environment in which a listener hears the
sound so the sound appears to the listener to have emanated from or originated in this
physical environment even though the sound actually originated from a different physical
environment. Sound that the listener hears more closely emulates sound that the listener
would hear if the sound actually originated from the sound localization point in the
physical environment of the listener.

In the physical environment, various factors can affect how sound reverberates, reflects,
refracts, and attenuates. These factors include, but are not limited to, geometric
spreading, atmospheric effects, and surface effects. The effects on sound from these
factors can be measured, estimated, stored, retrieved, and applied as one or more
adjustments to the sound.

Geometric spreading includes spherical and cylindrical spreading of sound. For example,
in spherical spreading from a point source, the sound level generally reduces according to
the inverse square law (e.g., sound reduces by a known or given amount for each

doubling of the distance from the source of the sound).

Atmospheric effects include molecular relaxation and viscosity effects. Temperature and
humidity of the atmosphere of the propagating sound determine an amount of absorption.
Absorptions for different frequencies at given temperatures and humidity can be stored
and obtained from tables and/or graphs. For example, sound at a frequency of 2 kHz has
an absorption rate of about 0.25 dB/100 meters for 30% relative humidity at 68 degree
Fahrenheit.

Surface effects include ground absorption and attenuation due to barriers. For example,
attenuation results from acoustic energy losses on reflection when the sound propagates
over ground. Smooth and hard surfaces (such as tile and wood) produce little absorption,
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whereas softer surfaces (such as carpet and grass) result in greater absorption.
Reflection along the surface can also reduce the sound level. For instance, a ground
effect occurs when sound reflected from the ground destructively interferes with the direct

wave when the direct wave travels near the ground.

Sound reverberation provides a listener with clues with regard to a spatial context of the
sound, such as giving the listener information about a size, shape, and content of a room.
A geometric model of an area can be used to provide a reverberation modeling system.
For example, a direction and time of sound impulse reflections are calculated with ray
tracing, and these reflections are rendered per a delay time and an attenuation filter for
transmission and reflection losses. Recursive or loop filters can be used to emulate

reverberations that occur later in time.

Objects near the listener can be simulated with diffraction modeling. When a sound
impulse strikes an object, a path of this sound diffracts around the object. Sound with a
high frequency (e.g., a wavelength smaller than the object) will shadow and attenuate.
One or more low-pass filters can be used for various cutoff frequencies to simulate a size

of occluding objects.

Consider an example in which reverberation for an actual room or a virtual room is

calculated per the following equation (Sabine’s equation):

RT = 0.16(V/SA),

where RT is the reverberation time, V is the volume of the room, S is the total surface
area, and A is the average absorption coefficient of room surfaces. Sound absorption
coefficients can be obtained from memory, such as sound absorption coefficient tables.
As an example, a digital reverberation algorithm simulates time domain and frequency
domain responses of the room in order to generate a reverberation effect. As another
example, one or more feedback delay circuits create a delaying or echoing effect on the

sound.
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Consider an example in which binaural sound is captured at microphones located on an
electronic device with little or no discernible effects from sound reflection, refraction, and
attenuation. This sound is transmitted and played to a listener who wears headphones
and who stands outside with a sound localization point that is twenty (20) feet away from
the listener. The sound is adjusted to account for the outdoor physical environment of the
listener so the sound that the listener hears through the headphones emulates the sound
that the listener would hear if the speaker were standing at the sound localization point
twenty feet from the listener. The sound adjustments can be calculated from one or more
of equations and information relating to spreading, absorption, ground configuration,
obstacles, pressure, wind, temperature, and humidity.

By way of example, the speed of sound, C, is given by the following equation:

C? = (9pldp)s,
where p is the pressure, p is the density, and the derivative is taken adiabatically (i.e., at
constant entropy per particle, s). For example, the speed of sound at twenty degrees
Celsius (20° C) and 1 atmosphere is 331.5 meters/second.
The decibel (dB) or sound pressure level (SPL) provides a quantification for sound
pressure levels relative to a logarithmic scale. The intensity level (IL) of sound intensity (1)
is given by the following equation:

IL = 10log1o(l/lrer) dB,
where |t is a reference intensity.

The sound pressure level (SPL) is given by the following equation:

SPL = 20log1o(Pe/Prer) dB,
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where P, is a measured effective pressure amplitude of the sound wave and P, is the
reference effective pressure amplitude.

Sound attenuation through the outdoor air (A1) is given by the following equation:

At = 10log1o (Lps/Lpr) = 20l0g10(Ps/Pr) dB,

where Ly is the sound pressure level of the root mean square sound pressure Ps at a
distance s from the source, and L, is the sound pressure level with a root mean square
sound pressure P, measured at a distances r from the source. The total attenuation (At)
is the sum of the attenuation due to geometric spreading (As) plus atmospheric absorption
(Aa) plus other effects (Ae, such as attenuation from the ground, refraction, scattering,

etc.).

Here, attenuation due to geometric spreading (As) is given by the following equation for a

spherical wave:

As = 20Iog10(r2/r1) dB,

where As is given as the distance between two points ry and r, from a source.

Here, attenuation due to atmospheric absorption (A,) is given by the following equation

for a spherical wave:

A, = — 20log1o(exp(—ar)) dB,

where r is the path length of the wave, and o is the attenuation coefficient.

Further, sound is reflected from a surface in which the angle of reflection of the sound
wave is equal to the angle of incidence of the wave such that reflective waves can cause
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constructive and destructive interference.

Further yet, depending on the geometric configuration of nearby objects, sound can
diffract and spread out beyond an opening or around obstacles. Diffraction relates to the
wavelength of the sound with high frequencies tending to propagate more directly and low

frequencies tending to pass from behind objects.

Consider an example in which a first individual communicates via an electronic phone call
with a remotely located second individual. The first individual wears headphones or an
earpiece that provides binaural sound. A voice of the second individual is localized to a
point that is ten feet away from the first individual while the first individual sits in his office.
The voice of the second individual appears to originate in a point in space in the office,
and this point in space is the sound localization point of the second individual. So, from
the point-of-view of the first individual, the voice of the second individual originates in the
office as if the second individual were present in the office and talking to the first

individual.

In this example, the sound that the first individual hears is captured at the location of the
second individual. For example, as the second individual speaks at the remote location,
the sound is processed into binaural sound or processed as captured binaural sound,
transmitted, and presented to the first individual so that the first individual localizes the
sound at the sound localization point in the office. The physical environment in which the
first individual is located, however, does not affect the sound since the sound is captured
at the location of the second individual and then provided to the first individual through

headphones or earpieces.

The sound that this first individual hears can be adjusted to more closely emulate the
natural sound that the first individual would hear if the second individual were physically
standing or sitting at the sound localization point in the office. These adjustments include
modifying the sound to compensate for the physical environment of the first individual.
These modifications include adjusting the sound for objects located in the office, a shape
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of the office, a size of the office, material from which the office is made or composed (e.g.,
glass windows, concrete floors, wooden walls, a plaster ceiling, etc.). In other words,
determine how the sound would propagate from the sound localization point to the first
individual that sits in the office. For example, objects between the sound localization point
(such as a chair, a table, carpeted floor, plants, etc.) and the first individual would affect
how the sound propagates to the first individual. As another example, a shape and size of
the office will determine what reverberations would occur if the second individual were
speaking to the first individual from the sound localization point. A composition of the
materials that form the walls, floors, and ceilings would also affect reverberations, echoes,
reflections, or sound decay. These physical aspects of the environment are used to
determine how to artificially adjust the sound that the first individual hears so this sound
emulates the sound that the first individual would hear if the sound actually originated
from the second individual at the sound localization point.

Adjusting the sound for environmental conditions is different than adding sounds, such as
adding background noises. Adjusting the sound for environmental conditions processes
the sound so it emulates the sound that would be heard if the sound originated at the

sound localization point.

Consider an example in which a binaural sound recording of a train plays to two different
people. A first person is located in a winter environment with high humidity, a flat terrain,
and snow on the ground. A second person is located in a summer environment with low
humidity and a hilly terrain with surrounding woods. A sound localization point for each
person is two kilometers away and directly in front of the person. Before being played to
the first and second persons, the sound recording is processed to compensate for the

environmental conditions in which the person is located.

Sound attenuation per Stoke’s law will change the sound that the first person hears
versus the sound that the second person hears. Attenuation of the sound is proportional
to the dynamic viscosity and the square of the sound frequency, and reciprocally
proportional to the fluid density and speed of sound (noting that volume viscosity also
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affects attenuation). Sound attenuates per the following equation:

A(d) = Age™*?,

where A(d) is the amplitude of the sound wave at a given distance, Ag is the amplitude of
the un-attenuated sound wave, d is the distance traveled, and a. is the attenuation

coefficient.

For example, sound attenuates differently according to both humidity and temperature.
Dry air absorbs more acoustic energy than moist air, and sound travels faster in warmer
air. Thus, given the environmental effects of humidity and temperature alone, the first and
second person will hear a different sound since the recording is adjusted differently for

different environmental conditions.

Furthermore, acoustic impedance for objects of different materials can be calculated with
the following equation:

Z=pV,

where Z is acoustic impedance of a material, p is a density of the material, and V is

acoustic velocity.

Sound waves are also reflected at boundaries having different acoustic impedances
(known as impedance mismatches). An amount of reflection of an incident wave can be
calculated when the material impedances are known for materials on both sides of the
boundary per the following equation:

R =[(Z2 - Z1)/(Za + Z4)],

where R is the reflection coefficient, Z4 is the impedance of the first material, and Z; is the
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impedance of the second material.

Furthermore, sound reflection can be calculated per the following equation:

R = a/a;,

where R is the reflection coefficient, a; is reflected wave amplitude, and a; is the incident

wave amplitude.

Values for sound adjustments can be calculated and/or estimated for real objects and real
physical environments, and these numbers can be used to simulate artificial objects and

artificial physical environments.

Figure 8 is a method to adjust sound based on an artificial environment.

Block 800 states capture sound at a first geographical location having environmental

conditions.

This sound is captured at a first geographical location, such as in a room, in a building,
outdoors, etc. The first geographical location has a set of physical, environmental, or
ambient conditions, such as temperature, humidity, wind, terrain, elevation, objects
(manmade or natural) at the location, size and/or shape of structure in which the sound is

captured (e.g., if sound captured indoors as opposed to captured outdoors), etc.

Block 810 states determine, for an individual to receive the sound, artificial environmental

conditions at a second geographical location of the individual.

A set of artificial environmental conditions is generated for the individual to receive the
sound. These artificial environmental conditions are different than the environmental
conditions where the sound was captured and/or where the individual is located. These

environmental conditions are fabricated to replicate a physical environment, such as a
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physical environment in which the individual is not located, or a computer generated

virtual environment.

Block 820 states adjust, based on the artificial environmental conditions, the sound such
that the sound simulates a natural sound that the individual would hear if the origin of the
sound occurred in the artificial environmental conditions at the second geographical
location with the individual.

Consider an example in which a first and second individual have a telephone
conversation. An electronic device captures sound from the first individual while the first
individual is located in a bedroom of a house. Another electronic device provides this
sound to the second individual that is located in a small cubicle in an office building. The
second individual, however, desires to have the voice of the first individual localized at a
distance of ten feet while the first and second individuals are standing on an ocean
beach. The cubicle (having a length and width of six feet by six feet) is too small to
localize the voice ten feet from the second individual and still be within the cubicle.
Further, an environment of the cubicle in the office is not similar to an ocean beach
environment. So, the sound is processed and adjusted such that the voice of the first
individual is perceived in an artificial environment of being ten feet away from the second
individual while the two individuals are standing on an ocean beach. By way of example,
the sound is modified as to one or more of HRTFs, attenuation, environmental conditions,
interaural level differences, interaural time differences, speed, frequency, amplitude,
reflection, refraction, etc. The second individual thus hears the conversation as if the first

and second individuals were standing on the beach.

Figure 9 is a method to adjust HRTFs of an individual during an electronic call.

Block 900 states execute an electronic call between a first individual and a second
individual such that an origin of a voice of the second individual appears to the first
individual to originate from a sound localization point that simulates a location in empty

space of the second individual.
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The first individual localizes a voice of the second individual at the sound localization
point. The electronic call can include other sounds as well, such as ambient or
environmental sounds and artificial or computer generated sounds. These other sounds
can be localized at locations different than the sound localization point. For example, the
first individual localizes a voice of the second individual at six feet away and
simultaneously localizes voices of children playing twenty feet away and behind the
sound localization point of the second individual.

Block 910 states monitor, during the electronic call, movements of a head location and/or
head orientation of the first individual in response to the first individual localizing sounds.

For example, an electronic device tracks or monitors a position and/or a location of the
head of the first individual. For instance, a determination is made as to whether and/or
when the head turns left or right, turns up or down, or rotates back and forth. These
movements can be measured with respect to a location or a position, such as measuring
movements with respect to a sound localization point, measuring movements with respect
to a head orientation at a particular time, measuring changes to head orientation at a
specific time or during an interval of time, and measuring head orientation in response to
one or more sounds being provided to the first individual. The movements in response to
the sounds provided may be deliberate voluntary movements for the purpose of adjusting
HRTFs or movements made for another purpose, such as a game or other activity.

Block 920 states adjust, during the electronic call, stored head-related transfer functions
(HRTFs) of the first individual to more accurately simulate real HRTFs of the first
individual in response to the movements of the head location and/or head orientation of
the first individual. The stored HRTFs and other localization profile data may be from
previous use by the individual or copied from another individual or from a database of

common approximate profiles.

The HRTFs of the first individual are adjusted in real time during the electronic call to
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more closely match or approximate natural or real HRTFs for the first individual.

Interpolation of the angular positions for a sound source can lead to confusion or sound
localization errors for the listener (e.g., front-back confusion on a sound localization
point). By way of example, these errors can be corrected with real-time monitoring of
head movement and orientation in response to generated sounds at sound localization
points, extraction and interpretation of keywords from listener conversations, listener
input, listener interpretation of the proper localization being influenced by visual
stimulation such as a picture or icon representing the second individual being positioned
on a visual display relative to other objects on the display so as to give clues about the
spatial arrangement to the first individual as he sees the visual display, and other

methods.

A sound localization point can be placed in an area known as the Cone of Confusion. The
listener may localize the sound to a specific location in this Cone of Confusion, and a
head orientation recorded for the angular position, 6, of this gaze. A specific set of
interaural time differences (ITDs), interaural level differences (ILDs), and HRTFs can be
developed for this gaze location. HRTF data set can be continually updated in real-time
while a listener localizes sound in order to more closely match this HRTF data set with

characteristics of the listener’s anatomy.

Consider an example in which a first and a second individual engage in an electronic call.
A sound localization point of a voice of the second individual appears directly in front of
the first individual to emulate the two individuals facing each other. For example, the first
is instructed to face the sound localization point that is located at an azimuth angle of zero
degrees (0°). The first individual complies, but a determination is made during the
electronic call that the first individual faces a position with an azimuth angle of ten
degrees (10°). Thus, a location of the perceived sound localization point (i.e., where the
first individual is looking) and a location of the intended or computed sound localization
point are offset by ten degrees (10°). Adjustments are made to the HRTFs of the first

individual to compensate for this difference or discrepancy. With these adjustments,
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stored HRTFs for the first individual will more closely match or represent real, natural, or
true HRTFs for the individual. After the adjustments are made to the HRTFs, the first
individual will perceive the accurate position of the sound localization point of the second
individual (e.g., during a subsequent electronic call between the first and second
individuals).

Adjustments to HRTFs are not limited to being based on a head orientation of an
individual. Consider the example in which the first and the second individual engage in
the electronic call such that the sound localization point of the voice of the second
individual appears directly in front of the first individual. During the call, the first individual
hears children laughing behind the second individual and states, “Who are the children
laughing behind you?” The laughing children, however, are not located behind the second
individual, but are located in front of the second individual. The second individual
responds to the question and says, “Those are my nephews; they are playing on the
couch in front of me, not behind me.” Keywords are extracted from this conversation to
determine an error in the localization of sounds of the first individual. HRTFs of the first
individual are adjusted to compensate for this error in sound localization. Here, a
conversation between the first and the second individual provided information that
assisted in determining how to adjust stored HRTFs for the first individual. As the
accuracy of the HRTFs is improved with each call, they may be updated and stored
anonymously on a worldwide public database of crowdsourced profiles.

Figure 10 is a method to execute recorded sound at a sound localization point.

Block 1000 states record sound.

Sound can be recorded, captured, stored, retrieved, transmitted, generated, and/or

processed.

Block 1010 states provide a sound localization point in empty space for the recorded

sound.
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For example, the sound localization point for the sound is an origin location of where the
sound was recorded. For instance, a dummy head with binaural microphones records
sound that originates twenty feet away at a vertical angle of thirty degrees (30°) and a
horizontal angle of south forty-five degrees east (S45°E). As another example, a
computer generates binaural sound that localizes to a listener at an origin of three feet
away at vertical and horizontal angles of zero degrees (0°).

Block 1020 states determine an event that triggers playback of the recorded sound.

One or more events can trigger playback, transmission, retrieval, recovery, and/or
processing of the sound. By way of example, these events include, but are not limited to,
an action or event that a user initiates and/or performs and an action or event that an

electronic device initiates and/or performs.

Block 1030 states execute, to a listener and in response to the trigger, the recorded
sound at the sound localization point in empty space such that the listener can localize

the recorded sound to originate from the sound localization point.

Consider an example in which a first person wears binaural microphones and records a
voice message for a second person. The first person designates a GPS location of an
office room for activating the voice message that is stored on a cloud server. Later, the
second person enters the designated office room, and this action triggers retrieval of the
recorded voice message. The recorded voice message automatically plays for the second

person upon entering the office room.

Consider an example in which a mother makes a binaural recording for her daughter. The
mother designates the recording to play in the bedroom of her daughter at a trigger time
of 6:00 a.m. and also designates a sound localization point that is three feet away from
the bed. At 6:00 a.m. while the daughter is sleeping in her bed, the recording of the
mother begins to play at the sound localization in the bedroom. The daughter localizes
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the sound of the recording to the sound localization point that the mother previously
designated.

Figure 11 is a method to select HRTFs for a listener.

Block 1100 states determine one or more physical attributes of a listener.

A physical attribute includes human anatomy or the structure of the human body. By way
of example, physical attributes of a human include but are not limited to, appearance and
position of body parts, locations of body parts, size and shape of body parts, and spatial
relation of body parts with each other (e.g., a distance between two body parts).

The physical attribute can be captured, stored, processed, and/or transmitted. For
example, an electronic device captures a digital image or a video frame of a physical
attribute of the listener. For instance, a camera takes a picture of a face, ear, body part, or

body of the listener.

Block 1110 states compare the one or more physical attributes of the listener with one or
more physical attributes of individuals with stored HRTFs.

HRTFs for individuals are stored and retrievable from memory, such as an anonymous
database. These HRTFs include known HRTFs that are measured or calculated from or
tested and refined by individuals and dummies.

A comparison is made between one or more of the physical attributes of the listener with
one or more of the physical attributes of individuals with stored and known HRTFs. For
example, a comparison is made between a size and shape of a head (including the ear)
of a listener with sizes and shapes of heads (including ears) of the individuals with known
HRTFs.

Block 1120 states determine, based on the comparison, a match and/or similarity
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between the one or more physical attributes of the listener and the one or more physical
attributes of individuals with stored HRTFs.

The comparison reveals a match or similarity between physical attributes of the listener
and physical attributes of the individuals. For example, select one or more individuals with
whom the listener has similar facial features, such as similar size and shape head and/or
ears. For instance, a determination is made that the listener more closely resembles an
individual having a similar face, having ears with a similar or like size, shape, and
location, having a similar facial and hair profile, having common or equivalent sizes of

noses, ears, mouths, etc.

Block 1130 states select, based on the match and/or similarity with the stored HRTFs, a
set of HRTFs for the listener.

Individuals have a unique set of HRTFs since each individual has a unique anatomical
structure and unique correlation and mapping of sound to a localization point. HRTFs for
an individual can be measured or selected for the individual. Consider an example in
which known HRTFs are stored for individuals in a database. These HRTFs are mapped
to one or more physical attributes and/or anatomical characteristics that include, but are
not limited to, a size and shape of the head, a size and a shape of a torso and shoulders,
an amount and a style of hair, clothing worn (e.g., whether a person wears a hat), height,
weight, etc. Physical attributes of a listener are determined, and then these physical
attributes are compared with the physical attributes of the individuals with known HRTFs
stored in the database. This comparison reveals a similarity or match between the listener
and one or more stored individuals. Based on this similarity or match, a set of HRTFs is
retrieved from the database and selected as the HRTFs for the listener. For instance,
facial recognition software compares images of the head of the listener with images of
heads of the stored individuals and determines a match based on similar physical
features, such as head size, head shape, pinna shape and size, pinna location on the
head, and facial characteristics (e.g., size, shape, and location of nose, eyes, mouth,
cheeks, chin, ears, etc.). The software may also measure or estimate distances and
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angles of body parts and facial features based on the images or calculated from other
measurements, and these measurements or the results of functions of these
measurements are used to search a database for a predefined HRTF set stored from a

user with similar measurements.

Consider an example in which a listener talks on a smartphone that includes a camera.
When the listener moves the smartphone to her ear, the smartphone takes a picture of
ear. An image of this ear is compared against a database of ear images to determine
another ear having a similar or same size and shape. When a match is found, HRTFs or
HRIRs for the discovered ear are retrieved and applied to the listener.

Consider an example in which a listener takes a photograph of his own face and posts the
photograph to a social networking website. A facial recognition software program
compares the face of the individual with stored faces with known HRTFs. A face of an
individual is discovered that most closely matches anatomical features of the face of the
listener. HRTFs for this individual are retrieved and provided to process sound for the
listener since the two individuals have similar physical facial attributes.

Consider an example in which a near fit occurs or no suitable match is found. A user or
electronic device adjusts the near fit (e.g., using a method herein), stores it, refines it over
time, and provides it to a public or private database of crowdsourced profiles.

Figure 12 is a method to calculate HRIRs for a listener.

Block 1200 states determine a sound location of a talking person that wears a wearable
electronic device with microphones with respect to a listening person that wears a

wearable electronic device with microphones.

Positions of one or more of the microphones, the wearable electronic devices, and the
persons can be determined. For example, a distance or position between the wearable
electronic devices, a location of a mouth or a point source of the sound of the talking
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person, horizontal and/or vertical angles between the wearable electronic devices and/or
persons and/or microphones. For instance, a distance and azimuth and elevation angles
are determined between the microphone of the listening person and the mouth of the

talking person.

Examples of the wearable electronic device with microphones include, but are not limited
to, earpieces, headphones, earphones, electronic glasses, hearing aids, and electronic

devices that fit into or near the ear.

Block 1210 states measure, with the microphones of the wearable electronic devices of
the talking person and the listening person, sound impulses from the talking person.

The microphone of the talking person captures sound as it exits the mouth of the talking
person, and the microphone of the listening person captures sound as it travels from the
mouth of the talking person to the microphone.

Block 1220 states calculate, from the measured sound impulses, HRIRs for the listening

person.

One traditional method to measure HRTFs is to place microphones in a dummy or human
head and then provide sound impulses from speakers to the dummy or human head.
Sound impulses are provided for various azimuth angles, and the corresponding HRIRs
or HRTFs are measured and calculated. This method is time-consuming since the dummy
head, the human head, or the speaker is rotated for each azimuth angle so the
microphone can capture different sound impulses for each angle.

In contrast to the traditional method, an example embodiment captures sound impulses
from a talking person that can be stationary or moving (as opposed to capturing sound
impulses from a stationary speaker). Further, such sound impulses can be captured to
build a set of user-specific or customized HRIRs or HRTFs for the listening person.
Further yet, the talking and listening person are not required to be at a specific location,
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such as a sound studio or controlled sound environment. By contrast, the sound impulses
can be captured during conversations that occur during normal or ordinary life activities,
such as capturing the sound impulses at a public location, at an office, in a home, in a
park, etc. Ambient noise and attenuation due to environmental conditions can be filtered.
Furthermore, HRIRs and HRTFs for a person can be measured and calculated over a
period of time while the person engages in conversations with different people or
encounters different sound sources. For instance, a set of customized HRIR or HRTF
values for a person can be periodically, continually, or continuously updated or revised for
the person.

A source of the sound impulses can also vary, and this source is not restricted to
speakers. This source can include electronic speakers, people, and other electronic
devices that the user encounters during his or her daily activity. For instance, HRIRs are
captured for a person while this person wears earpieces with microphones and watches a
video from a personal computer during the morning. In the afternoon, HRIRs are captured
for the person while the person talks to another person that also wears earpieces with
microphones. In the evening, HRIRs are captured while the person watches television at

home.

Sound captured at the microphone of the talking person provides reference sound
impulses for computing the HRIRs of the listening person. Changes to these sound
impulses occur from interaction with the anatomy of the listening person. Although both
the talking person and the listening person can contribute to transformation of the sound
impulse, a comparison of these transformations can reveal what impact the listening
person has on the transformation of the sound impulse. For example, HRTFs are
measured at each ear of the talking and listening persons. These HRTFs describe the
time delays, amplitude, tonal transformations, etc. for given azimuth and elevation angles.
A sound impulse captured at the talking person has a set of HRTFs, and this sound
impulse captured at the listening person has a set of HRTFs. A comparison of these sets
of information reveals what changes were made to the sound impulse by the anatomy of
the listening person.
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Consider an example in which a talking person wears electronic glasses with speakers
and microphones in or near his ears, and a listening person wears electronic glasses with
speakers and microphones in or near his ears. HRIRs and HRTFs of the talking person
are known. Further, head orientations of the listening person are tracked such that an
azimuth angle and a vertical angle can be calculated between the mouth of the talking
person (i.e., the origin of the sound impulses) and the head of the listening person.
Changes to the sound impulses recorded at the microphones of the listening person
provide information as to how the head, ears, and torso of the listening person affected
the sound impulses. HRIRs can be calculated from these changes. Further, these
recordings can be made while talking person and/or listening person move with respect to
each other. The head orientation of the listening person and/or talking person are known
at a given point in time, and the sound impulses at this point in time are correlated with
the known head orientations.

Consider an example in which a person wears electronic earpieces that include both
speakers and microphones. During a phone call, the speakers provide the person with
sound from another individual on the phone call. The microphones capture a voice of the
person and provide this voice to the other individual. When the person is not engaged in a
phone call, the microphones capture sound from a sound source that is local to or
proximate to the person. For example, this sound source is a television, a radio, a
computer, a talking person, or an electronic device that produces sound. A determination
is made of the head orientation of the person with respect to the sound source so the
recorded sound impulses can be correlated with the head orientation of the person. For
instance, a tracking device in an electronic device tracks and records head orientations
and records times for these orientations. Changes to the sound impulses indicate HRIRs
for the person such that user-specific HRTFs are calculated.

For example, HRTF data collection and training exercise is presented as a computer
game in which sound targets of various audio frequencies are “shot” by a player actuating
a trigger while pointing his head in the perceived direction of the sound. The head
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orientation and shots are measured during the game and correlated with the SLPs of the
targets in order to improve the accuracy of the HRTFs for the player.

HRIRs can be recorded for various angles and interpolations made as to non-recorded
angles. For example, azimuth angles are recorded in increments of about five degrees
(5°), and angles between the recorded angles are interpolated. Further, these angles can
be recorded over a period of time, such as over hours, days, weeks, months, etc.
Consider an example in which a person has a conversation with a third party that
functions as an origin of sound impulses. During this conversation, sound impulses are
recorded for seven different azimuth angles, but these angles do not provide sufficient
data to compute individualized or user-specific HRIRs for the person. The next day during
a subsequent conversation with another third party, additional sound impulses are
recorded for numerous other azimuth angles. Sound impulses are captured over time to
build sufficient data to compute HRIRs and HRTFs that are specific to the anatomy of the
listener. Data from these recordings can also be used to augment or improve existing
HRIRs and HRTFs for the person.

Figures 13A — 13D show how ITDs can be measured and calculated.

Figure 13A shows a sound source 1300 that provides a sound wave 1310 to a listener
1320. Since the listener 1320 is directly in front of and facing the sound source 1300, the
sound wave 1310 arrives at the left ear and the right ear at the same time. The ITD is

zero (0) since the azimuth angle is zero degrees (0°).

Figure 13B shows a graph 1330 of the sound wave arriving at the left ear and at the right
ear at the same time. The arrival times of the sound wave at each ear are identical, and

this provides an auditory clue to the listener for localizing an origin of the sound wave.

Figure 13C shows the sound source 1300 that provides a sound wave 1350 to a listener
1320. The listener 1320 is directly in front of the sound wave 1350, but a head of the

listener is rotated ninety degrees (90°) to the right such that the sound wave 1350 arrives
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at the left ear first and later in time at the right ear.

Figure 13D shows a graph 1360 of the sound wave arriving at the left ear and
subsequently at the right ear. The sound wave at the right ear is offset by an amount of
time required for the sound wave to travel to the right ear. This offset is about 0.6 — 0.7

milliseconds (msec).

The ITD is dependent on the speed of sound and a difference in distance the sound
travels to reach both ears. When a head of the listener is rotated ninety degrees (90°)
with respect to the direction of the sound, then this distance (D) represents a width of the

head of the listener.

The ITD can be calculated or estimated knowing information such as the speed of sound,
width of the head of the listener, and angle of rotation of the head or head orientation with
respect to the direction of the sound wave. By way of example, if the speed of sound is
761 miles per hour (mph), the width of the human head is seven inches (7”), and the head
is rotated ninety degrees (90°) with respect to the direction of the sound such that the
sound strikes the left ear first, then it would take approximately 0.63 milli-seconds (msec)
for the sound to travel from the left ear to the right ear (using a hypothetical instance in
which the sound propagated to the right ear in a straight line and using the formula of
distance (D) equals rate (R) times time (T), or D = R x T). More specifically, the change in

time is given by the following equation:

AT = Dsint/R,

where AT is the arrival time difference between two ears, D is the distance between the
two ears, 0 is the angle of arrival of the sound from the source, and R is the speed of

sound.

This equation does not take into account that sound travels around the head, and this

added distance causes additional delay. If an assumption is made that the head is
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spherical, then the ITD is given by the following equation:

ITD =r(6 + sin(0))/R,

where ITD is the interaural time delay, r is half the distance between the ears, 6 is the

angle of arrival of the sound from the source, and R is the speed of sound.

Figure 14 shows a graph 1400 of ITDs for various head orientations with respect to a
propagation direction of the sound wave. The X-axis shows angles from the sound source
to the head, and the Y-axis shows interaural time differences in milliseconds. This data

can be stored and retrieved to assist in executing example embodiments.

An interaural level difference (ILD) represents a difference in sound pressure levels at
each ear. When the head of the listener is rotated with respect to the propagation
direction of the sound wave, then each ear receives a different sound pressure level from
the impacting sound wave. The head of the listener creates an acoustic shadow between
the two ears. An amount of ILD depends on the head orientation and on a frequency of
the sound wave since higher frequency sound waves attenuate more readily than lower

frequency sound waves.

Figure 15 shows a graph 1500 of ILDs for various sample frequencies across head
orientations from 0° to 180° with respect to a propagation direction of a sound wave. The
X-axis shows angles from the sound source to the head, and the Y-axis shows interaural
level differences in decibels (dBs). This data can be stored and retrieved to assist in

executing example embodiments.

The ears, face, and head of people alter the amplitude and phase of sound waves
entering each ear. Changes to these waves from the anatomy of the human body are
calculated as head-related transfer functions (HRTFs). HRTFs can be measured (e.g.,
using microphones in ears) and/or mathematically computed and modeled for various
locations in space. For example, an HRTF is calculated and stored for azimuth and
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vertical positions around the head.

HRTFs are functions of frequency and three spatial variables. In far field distances
greater than about one meter, the HRTF attenuates inversely with range and can be
measured and/or mathematically estimated. Once HRTFs are known or calculated for
discreet angular increments (such as increments of fifteen degrees (15°) in the azimuth
position), HRTFs can be estimated or interpolated for other angular positions (e.g., other
angular positions, 6, in the far field HRTF of H(f, 6, ¢).

HRTFs (or head-related impulse responses (HRIRs) in the time domain) can be obtained
from measurements of the listener at various angles or obtained from mathematical
modeling. For example, a microphone is placed in or near an ear or ear canal of a person
to record binaural pressures. A grid of HRIRs at various locations in space around a
listener can be used to move the sound localization point around the listener. The Fourier
transform of the HRIRs, h(t), for an impulse at a source generates the HRTFs, H(f), that
enable source localization. HRTFs for the left and right ear can be stored and processed

to synthesize binaural signals from a sound source.

Binaural synthesis transforms a sound source with no positional information to a virtual
sound source with respect to a head of a listener. As the listener moves with respect to
the sound localization point, HRTFs are changed in response to these movements.
Calculations are made with respect to the relative position and head orientation of the
listener with respect to the sound localization point or the imaginary point where the
listener should be localizing the sound. HRTFs can be retrieved and/or calculated based

on the known relative position and head orientation of the listener with respect to the SLP.

By way of example, binaural synthesis involves convolving a mono sound with HRIRs to
generate a synthetic binaural signal that includes directional information of the sound
source. This directional information is included in the HRTFs. By way of example, the
sound waves are adjusted with a convolving process that applies a Discreet Fourier
Transform (DFT) of the HRTF. For instance, the sound waves are multiplied with a
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specific period signal, such as a square signal known as the Opening. Consider an
example in which a sound card includes one or more digital to analog converters (DACs)
that implement a sound conversion algorithm to place sounds at locations around the
listener. One or more operational amplifiers (op-amps) transform an output current from

the DACs into a drive voltage provided to an amplifier and speakers.

Sound waves can thus be captured, processed, and altered with HRTFs to change sound
properties before being provided to a listener. Upon hearing the artificially altered sound
wave, the listener will believe that the sound originates from a location different than the

real location.

Example embodiments include two-channel and multi-channel structures to achieve
sound localization. In a two-channel structure, digital signal processing (DSP) provides
sound to a listener through two speakers or earpieces, and in a multi-channel structure,
two or more speakers are placed around and/or near a listener. In the two-channel
structure, impulse response filters are characterized according to the HRIRs. These
HRIRs can be generic (or general) HRIRs or user-specific (or customized or
individualized) HRIRs. Generic HRIRs can be obtained from a dummy or manikin head
with microphones, created or generated from a computer model, or obtained from a
population sample (e.g., a database of HRIRs of individuals used to represent a general
population of listeners). User-specific HRIRs can be obtained from measurements of the
individual listener (e.g., providing microphones in ears of the individual, calculating HRIRs
from a size and shape of a head, ears, etc. of the individual).

Furthermore, HRIRs can be obtained from a combination of generic and user-specific
techniques. Consider an example in which initial HRIRs are retrieved from a database of
a user having similar facial features and then adjustments are made to the HRIRs based
on measured responses of the individual to sound localizations. Consider another
example in which HRIRs are obtained from a database for various measured azimuth and
elevation angles. HRIRs for non-measured angles (i.e., those angles between the
measured azimuth and elevation angles) can be actually measured or interpolated (e.g.,
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using an HRIR interpolation algorithm, such as a bilinear interpolation model, a triangular
interpolation model, spherical splines filtering model, a weighted-average model, or a
spectral interpolation model). For instance, once the HRIRs are retrieved, measurements
from the listener are made over days and/or weeks to provide missing HRIRs to the set of
HRIRs retrieved from the database. As time proceeds, more and more HRIRs are added
that provide a more accurate mapping of customized HRIRs to the listener.

Figure 16 is an electronic system 1600 that includes users and electronic devices at
different geographical locations 1610A — 1610G and one or more servers 1620 in
communication with each other through one or more networks 1630. Geographic location
1610A shows a speaking person 1640A communicating through a smartphone 1650A.
Geographic location 1610B shows a speaking person 1640B communicating to a dummy
head 1650B with microphones as earpieces. Geographic location 1610C shows a
listening person 1640C hearing sounds from a person on a wearable electronic device
1650C. Sounds from this person are localized at a sound localization point 1660C at a
chair. Geographic location 1610D shows a speaking person 1640D communicating
through a notebook computer 1650D. Geographic location 1610E shows a listening
person 1640E hearing sounds from a third party through speakers 1650E. Sounds from
the third party are localized at a sound localization point 1660E that occurs in front of the
listening person 1640E. Geographic location 1610F shows a person 1640F hearing
sounds through and speaking sounds to a wearable electronic device 1650F. Geographic
location 1610G shows a listening person 1640G hearing sounds from a third party on a
wearable electronic device 1650G while the listening person walks. Sounds from the third
party are localized at a sound localization point 1660G that occurs in front of the listening

person.

Figure 17 is an electronic system 1700 that includes a listener 1710 wearing a wearable
electronic device 1720 that communicates with one or more servers 1730 through one or
more networks 1740. The listener 1710 is initially located in room 1, and speakers in the
wearable electronic device 1720 provide sound to the listener. Sound from the wearable
electronic device 1720 localizes in front of the listener at a sound localization point 1760
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that is empty space located in room 1. As the listener 1710 moves to room 2, the sound
localization point 1760 remains fixed at the location in room 1. Sound that the listener
hears changes as a location and a head orientation of the listener also changes. The
location and the head orientation of the listener are tracked with the wearable electronic
device 1720 so the sound can be adjusted with movements of the listener and continue to
appear to originate from the sound localization point as the listener moves.

Consider an example in which a music band plays a live performance at a venue in New
York City. Binaural sounds of the band playing are sold to listeners that are located in
other cities throughout the United States. Listeners can purchase virtual attendance
tickets to the performance. These tickets enable a listener to receive sound of the
performance in real-time at a designated sound localization point that represents a
location of a seat or location at the venue. Listener 1710 purchases a ticket that provides
a virtual front row seat that the listener localizes in room 1 at the sound localization point
1760. Listener 1710 receives the sound through speakers in the wearable electronic
device 1720 as if the listener were seated in the front row at the venue in New York City
during the live performance. Sound that the listener 1710 hears automatically adjusts to
compensate for changes to the head orientation and the location of the listener as the
listener moves about rooms 1 and 2. For example, amplitude and localization cues (e.g.,
ITD and ILD) change in real-time as the listener 1710 moves from room 1 to room 2.
Further, the wearable electronic device 1720 can provide the listener with images and/or
video that correspond to the band playing at the venue. For instance, the listener 1710
sees through a display of the wearable electronic device 1720 a real-time image of the

band from a front row seat at the venue corresponding to the ticket purchased.

Consider an example in which a sound localization point is located in one room with a
listener, and the listener then moves into an adjacent room and closes a door between
the two rooms. A reduction of sound can be calculated between the two rooms or for
virtual rooms in which the listener appears to move from one room to another room

according to the following equation:
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SPL (Receiving Room) = SPL (Source Room) — STL — 10log (SA/A),

where SPL (Receiving Room) is the sound pressure level in the receiving room, SPL
(Source Room) is the sound pressure level in the source room, STL is the sound
transmission loss of the wall between the two rooms, SA is the sound absorption in the
receiving room, and A is the surface area of the wall between the two rooms.

Figure 18 is an electronic system 1800 that includes a handheld portable electronic
device (HPED) 1805 of a listener 1810 and a wearable electronic device 1815 of a
speaker 1820 that communicate during an electronic call over one or more servers 1830
and one or more networks 1840. The wearable electronic device 1815 of the speaker
1820 captures binaural sound, and the HPED 1805 provides this sound to the listener
such that the listener localizes a voice of the speaker 1820 to a sound localization point
1850. The HPED 1805 and the wearable electronic device 1815 can include position and
orientation tracking systems to track locations and head orientations of the listener 1810
and the speaker 1820.

The sound localization point 1850 has a size, a shape, and an orientation of a head that
emulates a size, a shape, and an orientation of a head of the speaker 1820. When the
speaker 1820 moves his head (such as changing location, yaw, pitch, or roll), then a head
of the sound localization point 1850 simultaneously changes to emulate or copy this
movement. A direction or source of the sound from the sound localization point emulates
sound from the mouth of the speaker 1820. For instance, if the speaker 1820 rotates his
head and mouth twenty degrees (20°) left, then the head and mouth of the virtual head of
the sound localization point 1850 contemporaneously rotates twenty degrees (20°) left.
This rotation changes the sound that the listener hears even though the listener may be
hearing the sound through headphones, an earpiece, or speakers that are not actually
located at the sound localization point 1850.

When the listener 1810 moves his head with respect to the sound localization point 1850
(such as changing location, yaw, pitch, or roll), then adjustments are simultaneously
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made to the sound of the voice of the speaker to compensate for these movements.
These adjustments change the sound so the sound that the listener hears emulates the
sound that the listener would hear if the speaker were physically present at the sound
localization point 1850. For instance, the listener 1810 continues to hear the voice of the
speaker 1820 at the sound localization point as the listener moves from location 1 in the
room 1860 to location 2 in the room 1860.

The sound localization point 1850 can also represent a location where sound of the
listener is captured with the electronic device 1805. In other words, the sound localization
point 1850 can also include a virtual recording point (VRP) or a virtual microphone point
(VMP). Microphones in or associated with the electronic device 1805 capture spoken
sound from the listener 1810 (e.g., capture the sound at the head of the listener or at the
body of the electronic device). This sound, however, is adjusted so it sounds to the
speaker 1820 as if it were captured at another location (such as the virtual microphone
point that, in this instance, is the sound localization point 1850). As such, sound that the
speaker 1820 hears changes in real-time to compensate for movements of the listener
1810 as the listener talks and moves with respect to the sound localization point 1850
since this point is also a virtual microphone point. For example, as the listener 1810
moves from location 1 to location 2, an amplitude of the sound provided to the speaker
1820 decreases since a distance of the listener 1810 from the sound localization point
1850 increases.

Figure 19 is an electronic system 1900 that includes a wearable electronic device (WED)
1910 of an individual 1920 that communicates with one or more servers 1930 through one
or more networks 1940 while the individual 1920 is located outdoors 1950. A sound
localization point 1960 exists near a tree 1970.

The sound localization point 1960 represents a location to where the individual 1920
localizes sound received through the wearable electronic device 1910. Sounds that
transmit through the wearable electronic device 1910 appear to the individual 1920 to
originate at the sound localization point 1960. For instance, a voice of a third person
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wirelessly transmits to the wearable electronic device 1910 over the Internet or an

outdoor wireless network.

Figure 20 is an electronic system 2000 that includes a wearable electronic device (WED)
2005 of a first person or speaker 2010 and a wearable electronic device (WED) 2015 of a
second person or listener 2020 that communicate during an electronic call over one or
more servers 2030 and one or more networks 2040. The wearable electronic device 2005
of the speaker 2010 captures binaural sound and transmits sound to the listener 2020
who localizes the sound at a sound localization point 2050 located in a room 2055. The
wearable electronic device 2015 of the listener 2020 captures binaural sound and
transmits sound to the speaker 2010 who localizes the sound at a sound localization point
2060 located in a room 2065 that is remote from the room 2055. A voice of the speaker
2010 localizes to the sound localization point 2050 for the listener 2020, and a voice of
the listener 2020 localizes to the sound localization point 2060 for the speaker. The sound
localization point 2060 localizes to an empty chair 2070 located in room 2065.

The sound localization point 2050 tracks or follows movements in real-time of the speaker
2010. When the speaker 2010 changes his head orientation or moves his body, a head
orientation or location of the sound localization point 2050 simultaneously moves to
emulate and coincide with movements of the speaker 2010. For example, when the
speaker 2010 moves to his left (as shown in room 2065), the sound localization point
2050 moves with an equal distance and an equal direction in room 2055. For instance,
when the speaker 2010 rotates and tilts his head fifteen degrees (15°), then the virtual
head that represents the sound localization point 2050 also rotates and tilts fifteen
degrees (15°) in a same direction. These movements change the sound that the listener

2020 hears the speaker 2010 speaking during a telephone call.

For the speaker 2010, a voice of the listener 2020 originates from the chair 2070 in a
manner that simulates the listener 2020 sitting in the chair even though the chair is
physically empty and no sound actually originates from the chair. The sound that the
speaker 2010 hears originates from the wearable electronic device 2005.
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For the listener 2020, a voice of the speaker 2010 originates from the sound localization
point 2050 that can exist in empty space in room 2055 (such as existing at a single point
in space or an area or volume in empty space or occupied space). This sound localization
point 2050 can appear to the listener 2020 as a virtual image of the speaker 2010. For
example, the wearable electronic device 2015 is a pair of electronic glasses with a display
that provides an image or video of the speaker 2010 in a field of view 2080 of the listener
2020. This image represents the sound localization point 2050 so the listener 2020 can

see the sound localization point 2050 as it moves in the room 2055.

Figure 21 is an electronic system 2100 that includes a handheld portable electronic
device (HPED) 2105 of a first person 2110 and a wearable electronic device (WED) 2115
of a second person 2120 that communicate during an electronic call using one or more
servers 2130 and one or more networks 2140. The HPED 2105 of the first person 2110
captures sound and provides this sound to the second person 2120 who localizes the
sound at a sound localization point (SLP) 2150 located at a geographical location 2155.
The WED 2115 of the second person 2120 captures sound using a laser microphone and
provides this sound to the first person 2110 who localizes the sound at a sound
localization point (SLP) 2160 located at another geographical location 2165 that is remote
from geographical location 2155. A voice of the first person 2110 localizes to the sound
localization point 2150, and a voice of the second person 2120 localizes to the sound

localization point 2160.

A sound localization point can also be a virtual recording point (VRP) or a virtual
microphone point (VMP) that is a virtual location where sound is captured or recorded.
Sound is captured or recorded with one or more electronic microphones at a first
geographical location or first point and processed so the sound appears to be captured or
recorded at a second geographical location or second point that is the virtual point. For
example, the first person 2110 holds an HPED 2105 that captures, records, and transmits
sound (such as a voice of the first person). The HPED 2105 captures, records, and
transmits this sound at or near the body of the first person 2110 since the first person
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holds the HPED in his hand or wears it on his body. Properties of this sound, however,
are changed so that the sound appears to have been captured at a virtual microphone
point (VMP) 2160 that is located with the SLP and away from the first person 2110. For
instance, the SLP and VMP are located several feet in front of the first person as shown
at location 2165. The second person 2120 does not hear or localize the voice of the first
person 2110 as being captured at the HPED 2105, but instead hears or localizes the
sound as being captured at the VMP that is a location away from the first person.

The second person 2120 wears a WED 2115 that captures, records, and transmits sound
(such as a voice of the second person). The WED 2115 captures, records, and transmits
this sound at the head of the second person 2120 since the second person wears the
WED (such as wearing a pair of electronic glasses). Properties of this sound, however,
are changed so that the sound appears to have been captured at a virtual microphone
point (VMP) 2150 that is located with the SLP and away from the second person 2120.
For instance, the SLP and VMP are located several feet in front of the second person as
shown at location 2155. The first person 2110 does not hear or localize the voice of the
second person 2120 as being captured at the WED 2115, but instead hears or localizes
the sound as being captured at the location away from the second person.

Sound can also be captured using a physical method to measure the sound impulses at a
remote point, such as using a laser microphone or a device that uses a laser beam and
smoke or vapor to detect sound vibrations in air. For example, the second person 2120
wears the WED 2115 that captures, records, and transmits sound (such as the voice of
the second person). The WED 2115 records and transmits this sound at the head of the
second person 2120 since the second person wears the WED (such as wearing a pair of
electronic glasses with a laser microphone). Sound is captured not at the location of the
WED 2115, but at the SLP and VMP 2150 since a laser microphone 2117 is trained on a
surface or on smoke or vapor in air at the SLP and VMP located away from the second
person. For instance, the SLP and VMP are located several feet in front of the second
person. As such, the first person 2110 does not hear or localize the voice of the second
person 2120 as being captured at the WED 2115, but instead hears or localizes the
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sound as it was detected at the location 2150 away from the second person.

The VMP and the SLP can be located at a same point or area or located at different
points or areas. For example during an electronic telephone call between a first person
and a second person, the first person localizes sound from the second person at a sound
localization point that is eight feet directly in front of a head of the first person. A VMP for
the first person, however, is located three feet in front of the first person. In this instance,
the first person hears the second person as being eight feet in front of the first person, but
the second person hears the first person as being three feet in front of the second person.

A listening person, a speaking person, another person, and an electronic device can
establish locations for the VMP and SLP. Conflicts between locations can be resolved
according to established rules, defaults, or hierarchies. For example during a telephone
call, a listening person has priority to establish a location of a SLP for a voice of the
talking person.

Consider an example in which John telephones Paul. An electronic device of John
establishes a sound localization point for the voice of Paul to be five feet in front of John
and a virtual microphone point for the recording of the voice of John to be five feet in front
of John. The electronic device of John sends the locations of the SLP and the VMP to the
electronic device of Paul. These two electronic devices handshake and agree on the SLP
and VMP locations.

An electronic device tracks or follows movements in real-time of the speaker or sound
source with respect to the virtual microphone point. When the speaker changes his head
orientation or moves his body, the sound is adjusted to compensate for these
movements. For example, when the speaker moves away from the virtual microphone
point, an amplitude of the sound reduces since a distance between the speaker and the
virtual microphone point increased. Further, an ITD and an ILD of the sound change in
response to movements of the head and body of the speaker in order to emulate sound

that real microphones would capture if they were located at the virtual microphone point.
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Figure 21 shows the first person 2110 at location 2165 moving from location 1 to location
2. In response to this movement, the SLP and VMP 2150 of the first person move an
equivalent direction and distance at location 2155. Further, the second person 2120 at
location 2155 moves from location 3 to location 4. In response to this movement, the SLP
and VMP 2160 of the second person move an equivalent direction and distance at
location 2165.

Figure 22 is an electronic system 2200 that includes a wearable electronic device (WED)
2205 of a speaker 2210 at a first location 2265 and a computer 2215 in communication
with speakers 2217 near a listener 2220 at a second location 2275 that communicate
during an electronic call using one or more servers 2230 and one or more networks 2240.
The WED 2205 captures sound at two microphones located in or near ears of the first
person 2210. The sound is adjusted or changed so that the sound appears to be captured
at a virtual microphone point 2250 that is located several feet in front of the speaker 2210.
This virtual microphone point includes two virtual microphones 2255 located on a virtual
dummy head of the virtual microphone point 2250. The computer 2215 and speakers
2217 present and record the sound such that the listener 2220 localizes the sound at a
sound localization point 2260 that also represents the virtual microphone point.

Consider an example in which a distance between the speaker 2210 and the virtual
microphone point 2250 is equivalent to a distance between the listener 2220 and the
sound localization point 2260. When the speaker 2210 moves with respect to the virtual
microphone point 2250, the sound localization point 2260 simultaneously moves with
equivalent speed and direction with respect to the listener 2220.

Figure 23 is an electronic system 2300 that includes a computer system 2310 at a first
location 2315 that communicates with a remote computer system 2320 at a second
location 2325 and a remote computer system 2330 at a third location 2335 via one or
more servers 2340 and one or more networks 2350.
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The first location 2315 includes a first user 2360, a second user 2362, and a third user
2364 seated at a conference table 2370. The second location 2325 is remote from the
first location 2315 and the third location 2335 and includes a fourth user 2366. The third
location 2335 is remote from the first location 2315 and the second location 2325 and
includes a fifth user 2368.

The computer system 2310 at the first location 2315 initiates a conference call with the
computer system 2320 at the second location 2325 and automatically determines a
location of a sound localization point 2380 at the table 2370 for a voice of the fourth user
2366. During the conference call, another participant (i.e., the fifth user 2368) requests to
join the call. The computer system 2310 at the first location 2315 communicates with the
computer system 2330 at the third location 2335 and automatically determines a location
of a sound localization point 2390 at the table 2370 for a voice of the fifth user 2368. The
determination of where to place the sound localization points of the participants is based
on determining one or more factors including, but not limited to, available or empty space
around the table, a number of participants in the conference call, identities of participants
in the conference call, empty seats or chairs at the table, a location of one or more of the
participants, a size and/or shape of a room in which one or more of the participants are
located, an age or rank or title of a participant, a previous location where a participant sat

around the table, etc.

Consider an example in which the computer system identifies the fourth user 2366 as
John Smith, and positions John at a head of the table 2370 since John is a president of
the company hosting the conference call. Consider an example in which the computer
system identifies an empty and/or occupied space and calculates distances between
objects, people, SLPs, and/or VMPs at the conference table. The system determines that
the fourth user 2366 should be situated at an end of the table so participants are evenly
spaced around the table 2370. Consider an example in which the computer system
determines locations of the participants around the table during prior conference calls and
places the fourth user 2366 at the end of the table since this is where the fourth user sat

on two previous conference calls while at location 2315. Consider an example in which
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the table has five chairs with three of these chairs being occupied by a real person (i.e.,
first user 2360, second user 2362, and third user 2364) and one chair being occupied by
a sound localization point 2380 of a remote person (i.e., fourth user 2366). Based on this
information, the computer system elects to place the sound localization point 2390 of the
fifth user 2368 at the empty chair.

During the conference call, the first user 2360, the second user 2362, and the third user
2364 each localize a voice of the fourth user 2366 at the sound localization point 2380.
Further, each of the first, second, and third users localize a voice of the fifth user 2368 at
the sound localization point 2390. Adjustments are made to the sound for each of these
users since they are located at different locations around the table with respect to the
sound localization points. These adjustments include, but are not limited to, calculations
for and changes to ITDs, ILDs, HRTFs, attenuation, reverberations, and other aspects of
sound discussed herein. Further, these adjustments can occur based on movements to
head orientation and location for each user. For instance, sound that the first user 2360
hears from the fourth user 2366 and the fifth user 2368 changes as the first user rotates
his head toward the fifth user 2368 since this rotation changes a head orientation of the
first user with respect to the sound localization point 2380 of the fourth user 2366 and the
sound localization point 2390 of the fifth user 2368.

Consider an example in which the second user 2362 is speaking to and listening to the
four others (2366 localized at 2380, 2360, 2364, and 2368 localized at 2390). In this
example, however, the others are not people but computer programs with interactive
audio input/output interfaces. Second user 2362 can hear the progress announced for
process 2366 on his left, and he can pause, halt, and otherwise control the process by
voice control, directing his voice to 2380, and likewise respectively monitoring and
controlling each of the four processes by listening in their direction and speaking the voice
commands back to the SLP of each. Each audio window/process could perceive when it
was the one being addressed by the user 2362 by comparing the sound pressure
received relative to that received at the other three process/window points and/or by
monitoring the head orientation of user 2362. Computer user 2362 can hear each of his
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programs running in a different spot on his large desk. Further, this user can move the
SLPs of a window/process using, for example, a voice command, a mouse, a head or
other body gesture, or other method while he is using them or while he is on an electronic
call to the person designated at the SLP. Further yet, this user can arrange the SLPs of
the window/process in any order and/or move any of them to the foreground (such as
bringing the associated SLP toward him to make the sound louder), moving any of them
to the background (such as bringing the SLP away from him to make the sound softer),
and moving any of them to increase or decrease priority or access to resources (such as
computer processing power, resolution, bandwidth, etc.). Even if the user has a single
set of audio speakers, the audio from a movie being watched on screen 4 would be
perceived to come from screen 4. The audio from a game being played on screen 2
would be perceived to come from screen 2. A change to any SLP position can alert the
corresponding user and trigger an equivalent SLP position change. For example, during
the call the first user adjusts the SLP 2390 to be directly in front of him on the table. In
response to this movement, the fifth user 2368 is alerted of the change and is aware that

he has been placed at the position designated by the first user.

Figure 24 is an electronic system 2400 that includes a computer system 2410 at a first
location 2415 that communicates with a remote wearable electronic device 2420 at a
second location 2425 via one or more servers 2430 and one or more networks 2440.
Location 2415 includes a room with a speaker 2450, a table 2452, a chair 2454, a window
2456, and other furnishings. Location 2415 also includes a sound localization point (SLP)
and a virtual microphone point (VMP) 2470. The SLP and VMP are situated at, on, or
above the empty chair 2454 that represents a location of a listener 2460 if the listener
were present at the location 2415 with the speaker 2450. Location 2425 includes the
listener 2460 that wears the wearable electronic device 2420.

If the listener 2460 were seated at the chair 2454 in the room at the SLP and VMP 2470,
then sound impulses from the speaker 2450 would travel from the mouth of the speaker
to the ears of the listener seated at the chair. These sound impulses, however, would be
affected by a physical environment of the room, such as a size and a shape of the room
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(shown with lines 2472), objects in the room (e.g., the table 2452, the chair 2454, the
window 2456, etc.), ambient conditions in the room, materials that form the walls, ceiling,
and floors of the room, etc. Further, an orientation and location of the head of the speaker
2450 would also affect how these sound impulses reached the listener (such as how

sound is transmitted, reflected, and absorbed).

One way to capture changes to the sound based on the physical environment of the room
would be to place microphones on the chair 2454 where ears of a listener would be
situated. Another way is to simulate or calculate these changes and adjust the sound so
the listener hears the sound as if he were seated on the chair. These calculations can be
made by knowing the physical environment of the room (such as knowing the size and
shape of the room, knowing the composition and location of objects, knowing the location
and orientation of the speaker, knowing the location of the VMP, knowing ambient
conditions in the room, knowing materials from which the room is composed to determine

a sound absorption coefficient for the material, etc.).

Consider an example in which microphones on a wearable electronic device on the
speaker 2450 capture binaural sound as it leaves the mouth of the speaker. The
computer system 2410 tracks a location and orientation of a head of the speaker and also
retrieves or determines information relating to the physical environment of the room at
location 2415. Based on this information, adjustments to the captured binaural sound are
made so the sound appears to have been recorded at the chair 2454 where the VMP is
located. The adjusted sound is provided to the listener 2460 at the remote location 2425.
The adjusted sound includes or carries cues as to its origination, including the physical
environment of the room where the speaker 2450 is located. These cues provide a three
dimensional (3D) audial picture to the listener, and this audial picture includes the
physical environment of the room of the speaker (e.g., the audial picture being shown as
dashed lines of the speaker 2450, the table 2452, the chair 2454’, the window 2456’,
size and shape of the room 2472’ in which the speaker is located, and other objects

shown with dashed lines).
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Figure 25 is an electronic system 2500 that includes a wearable electronic device 2510 at
a first location 2515 (shown with a speaker 2520 in an empty room) and a wearable
electronic device 2530 at a second location 2535 (shown with a listener 2540 in an empty
room) that communicate via one or more servers 2550 and one or more networks 2560.
Location 2515 also includes a virtual microphone point (VMP) 2570, and location 2535
includes a sound localization point 2575 where the listener 2540 localizes sounds and a
voice from the speaker 2520.

Sound can be adjusted to include audial cues for an artificial 3D physical environment.
These cues include changes to the sound to adjust for ambient conditions and physical
objects that are not present at the location where the sound is captured. For example, the
wearable electronic device 2510 captures binaural sound in an empty room from the
speaker 2520. If this sound were transmitted to the wearable electronic device 2530, then
the listener 2540 would hear a voice of the speaker 2520 as originating at the head of the
listener 2540 since the sound was captured at the head of the speaker. The sound can be
adjusted (such as changing ITDs, ILDs, and HRTFs) to move a localization point of this
sound for the listener 2540 to the sound localization point 2575 that is located in front of
the listener. The sound can be further adjusted to add an artificial environment where the
speaker is located. These adjustments extend beyond adding artificial sound, such as

background noise.

Adjustments to the sound include adding an artificial or virtual physical environment
where the sound was captured. For example, the sound is adjusted to change the
location of the speaker from being in an empty room to being outside on a rainy day with
physical objects nearby. These adjustments are shown at location 2535 with dashed lines
of an artificial physical environment that includes clouds and a thunderstorm 2580,
mountains or hilly terrain 2582, a nearby automobile 2584, and an airplane 2586. These
physical objects, if present at location 2515, would affect how a voice of the speaker 2520
propagated to the virtual microphone point 2570. The sound is adjusted to simulate the
existence of these objects so the listener perceives or hears an artificial physical

environment for the speaker.

67

Meta Platforms, Inc. Exhibit 1002
Page 97 of 163



10

15

20

25

30

Example embodiments include electronic devices that capture binaural sound (such as an
HPED or smartphone that captures binaural sound from a talking person and delivers
binaural sound to a listening person) and non-binaural sound (such as calls originating

from an electronic device with monophonic or stereophonic sound).

Consider an example in which a listener wears an electronic device during a telephone
call with a first speaker who is using a monophonic mobile phone. The listener is located
in a quiet place, and the first speaker is in a noisy place, so the sound is localized to suit
the atmosphere of the listener by filtering out the background noise. A SLP is designated
to the right of the listener by adjusting an ITD by about 0.7 ms and by adjusting the ILD.
At a later time in the call, the listener receives another call from a second speaker who is
using an antique monophonic land-line phone. The listener admits the second speaker
into the call with the first speaker so that all three can speak and hear each other. Static
exists on the line with the second caller so the call is localized to match a static-free call
environment of the listener and first speaker. Also, a second SLP is designated to the left
of the Listener using the ITD and ILD as with the first speaker. So the listener perceives
the first caller off to the right side of his face and the second caller to the left side of his
face. At a later time in the call the listener receives another call from a third speaker who
is using a Voice over Internet Protocol (VolP) program running on a notebook computer
equipped with one microphone. The listener admits the third speaker into the call with the
listener and the first speaker and the second speaker. A third SLP is designated for the
third speaker to be directly between the ears of the listener at a point inside his head.
Now the listener perceives the first caller off to the right side of his face, the second caller
to the left side of his face, and the third caller between the first and second callers. At a
later time in the call, the listener receives another call from a fourth speaker. The listener
admits the fourth speaker into the call with the listener and the other three speakers. A
fourth SLP is designated for the fourth speaker at a same location with the first SLP with a
same or similar ITD as the sound from the first speaker. In order to spatially distinguish
the fourth speaker from the first speaker and the other speakers in the call, the ITD is
gradually changed from 0.7ms to 0 to 0.7ms and then slowly back to 0.7ms, repeatedly so
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that the listener perceives the fourth speaker to be moving slowly back and forth between
the SLP of the first speaker and the SLP of the second speaker and back to the first. The
ITD is incremented or decremented during times or moments when the fourth speaker is
making sound, and not when he is silent. As such, whenever the fourth speaker begins to
speak after a pause, he is perceived by the listener to be at the same place he was last
perceived by the listener, and the listener will not perceive the fourth speaker suddenly at
a SLP where he was not previously present.

Consider an example in which a listener and a talking person wear or use an electronic
device that captures, transmits, and/or provides binaural sound during a telephone call. In
the first part of the call, a VMP at the location of the speaker is designated to be at the
point of the actual physical microphones being worn by the speaker (e.g., being at the
ears of the speaker). As such, various sounds in the environment of the speaker are
perceived by the listener to emanate from locations relative to the ears of the listener, and
the SLP of the speaker's voice is perceived by the listener as approximately at the point
of the mouth of the listener. Later in the call it is determined that the vocal part of the
sound being sent by the speaker should be moved to a SLP off to the right side of the
face of the listener. By way of example, the vocal part of the sound captured by the
device worn by the speaker can be identified by the intersection of the set of frequencies
associated with voice and with amplitudes and sound pressures matching those that likely
emanated from the oral cavity a few inches away from the microphones, sounds matching
a predefined voiceprint of the speaker, sounds associated with vibrations measured by a
sensor mounted on or near the neck, head, or torso of the speaker, and sounds that are
measured to be of near equal amplitude in both the left and right microphone sources
indicating a high probability that they originated from the mouth of the speaker or directly
ahead at zero degrees azimuth from the face of the speaker. The identified vocal
component of the sound captured from the speaker is removed from the sound sent
directly to the headphones of the listener, and the SLP of the vocal component is
designated to the right side of the face of the listener using an ITD and an ILD. At this
time, the listener's voice is also designated at a SLP to the left of the face of the speaker,
and both the speaker and the listener have the perception that they are positioned side-

69
Meta Platforms, Inc. Exhibit 1002
Page 99 of 163



10

15

20

25

30

by-side with the listener to the left of the speaker.

Consider an example in which a speaker wears headphones that capture and play
binaural sound and include two microphones (e.g., each ear includes a microphone that
wirelessly sends and receives through a binaural capable HPED). A third microphone
(such as a noise-canceling microphone) captures a voice of the speaker while the two
binaural microphones at the ears of the speaker capture and record sound of the
environment. The voice signal captured by the third microphone is then used to assist in
isolating and removing the voice component captured by the ear-mounted microphones,
and also as the voice signal transmitted to the listener that may also include distance
cues according the distance between the voice reference microphone and the speaker. A
voice SLP can be designated as above using ITD and ILD. For example, the speaker can
designate as a voice reference microphone a dedicated microphone mounted at or near
the head of the speaker. A speaker can also designate the microphone in an HPED as
the voice reference microphone. In this way, the speaker designates the distance of the
VMP by way of designating the distance of the voice reference microphone from himself.
The directional aspect of the voice SLP may be adjusted by ITD and ILD.

Isolating the vocal component of the sound captured by the speaker allows a vocal SLP
to be designated to the left or to the right of the listener in the listener’s frame of
reference. Further, distance cues can be perceived by using a voice-sensitive microphone
in an available HPED as the voice reference microphone set at a distance from the
speaker. Further yet, a speaker can use four microphones to provide a clear voice signal
and an improved distance-localized voice signal to the listener. A third microphone or
voice reference microphone mounted near the head of the speaker aids to isolate and
remove the vocal part of the sounds captured by the first and second microphones
mounted at the left and right ears of the speaker as described herein. In this example,
sound captured at the third microphone is not sent to the listener. Instead, a fourth
microphone (such as a microphone in an HPED of a speaker) is designated to capture
the voice of the speaker, including cues as to the distance between the speaker and the
position of the fourth microphone. The vocal sound captured from the third microphone is
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used to enhance the sound captured by the fourth microphone, to isolate and cancel non-
vocal components of sound, and to improve the clarity of a vocal part of the signal that is

ultimately provided to the listener.

Figure 26 is a computer system or electronic system 2600 that includes a computer or an
electronic device 2602, a computer or electronic device 2604, and storage 2606 in
communication with each other over one or more networks 2608. The storage can include
memory or databases with HRTFs and/or HRIRs 2610.

By way of example, a computer and an electronic device include, but are not limited to,
handheld portable electronic devices (HPEDs), wearable electronic glasses, watches,
wearable electronic devices, portable electronic devices, computing devices, electronic
devices with cellular or mobile phone capabilities, digital cameras, desktop computers,
servers, portable computers (such as tablet and notebook computers), electronic and
computer game consoles, home entertainment systems, handheld audio playing devices
(example, handheld devices for downloading and playing music and videos), personal
digital assistants (PDAs), combinations of these devices, devices with a processor or
processing unit and a memory, and other portable and non-portable electronic devices

and systems.

Electronic device 2602 includes one or more components of computer readable medium
(CRM) or memory 2620, one or more displays 2622, a processing unit 2624, one or more
interfaces 2626 (such as a network interface, a graphical user interface, a natural
language user interface, a natural user interface, a reality user interface, a kinetic user
interface, touchless user interface, an augmented reality user interface, and/or an
interface that combines reality and virtuality), a camera 2628, one or more sensors 2630
(such as micro-electro-mechanical systems sensor, a biometric sensor, an optical sensor,
radio-frequency identification sensor, a global positioning satellite (GPS) sensor, a solid
state compass, gyroscope, magnetometer, and/or an accelerometer), a sound localization
system 2632 (such as a system that localizes sound, adjusts sound, predicts or
extrapolates characteristics of sound, detects sound impulses using light (such as a fiber
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optic microphone or a laser microphone), and/or executes one or more methods
discussed herein), a virtual microphone system 2634 (such as a system that captures
sounds, adjusts sound, and/or executes one or more methods discussed herein), a facial
recognition system 2636, a head and/or eye tracker 2638, a location or motion tracker
2640, one or more microphones 2642, and one or more speakers 2644. The sensors can
further include motion detectors (such as sensors that detect motion with one or more of
infrared, optics, radio frequency energy, sound, vibration, and magnetism). By way of
example, the location or motion tracker includes, but is not limited to, a wireless
electromagnet motion tracker, a system using active markers or passive markers, a
markerless motion capture system, video tracking (e.g. using a camera), a laser, an
inertial motion capture system and/or inertial sensors, facial motion capture, a radio
frequency system, an infrared motion capture system, an optical motion tracking system,
an electronic tagging system, a GPS tracking system, and an object recognition system
(such as using edge detection).

Electronic device 2604 includes one or more components of computer readable medium
(CRM) or memory 2660, one or more displays 2662, a processing unit 2664, one or more
interfaces 2666, an object recognizer 2668, an ambient condition analyzer 2670, a sound
localization system 2672 (such as a system that localizes sound, adjusts sound, and/or
executes one or more methods discussed herein), a virtual microphone system 2674
(such as a system that captures sounds, adjusts sound, predicts or extrapolates
characteristics of sound, detects sound impulses using light, and/or executes one or more
methods discussed herein), and an imagery system 2676 (such as an optical projection
system, a virtual image display system, virtual augmented reality system, and/or a spatial
augmented reality system). By way of example, the virtual augmented reality system uses
one or more of image registration, computer vision, and/or video tracking to supplement

and/or change real objects and/or a view of the physical, real world.

Figure 26 shows example electronic devices with various components. One or more of
these components can be distributed or included in various electronic devices, such as
some components being included in an HPED, some components being included in a
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server, some components being included in storage accessible over the Internet, some
components being in an imagery system, some components being in wearable electronic
devices, and some components being in various different electronic devices that are

spread across a network or a cloud, etc.

The processor unit includes a processor (such as a central processing unit, CPU,
microprocessor, application-specific integrated circuit (ASIC), etc.) for controlling the
overall operation of memory (such as random access memory (RAM) for temporary data
storage, read only memory (ROM) for permanent data storage, and firmware). The
processing unit communicates with memory and performs operations and tasks that
implement one or more blocks of the flow diagrams discussed herein. The memory, for
example, stores applications, data, programs, algorithms (including software to implement
or assist in implementing example embodiments) and other data.

Blocks and/or methods discussed herein can be executed and/or made by a user, a user
agent of a user, a software application, an electronic device, a computer, a computer

system, and/or an intelligent personal assistant.

As used herein, “empty space” is a point or a location that is not filled or occupied. For
example, a location where a human would sit in an empty chair includes an empty space

since this location is not filled or occupied.

As used herein, “sound localization” is a process of determining a location, an origin, or a

place of emanation of sound.

As used herein, “sound localization point” is a particular location or position that is

determined to be a location, an origin, or a place of emanation of sound.

As used herein, “virtual microphone point” is a virtual location or virtual position where

sound is captured, recorded, or monitored.
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As used herein, a “wearable electronic device” is a portable electronic device that is worn
on or attached to a person. Examples of such devices include, but are not limited to,
electronic watches, electronic necklaces, electronic clothing, head-mounted displays,
electronic eyeglasses or eye wear (such as glasses in which augmented reality imagery is
projected through or reflected off a surface of a lens), electronic contact lenses (such as
bionic contact lenses that enable augmented reality imagery), an eyetap, handheld
displays that affix to a hand or wrist or arm (such as a handheld display with augmented

reality imagery), and HPEDs that attach to or affix to a person.

In some example embodiments, the methods illustrated herein and data and instructions
associated therewith are stored in respective storage devices, which are implemented as
computer-readable and/or machine-readable storage media, physical or tangible media,
and/or non-transitory storage media. These storage media include different forms of
memory including semiconductor memory devices such as DRAM, or SRAM, Erasable
and Programmable Read-Only Memories (EPROMSs), Electrically Erasable and
Programmable Read-Only Memories (EEPROMSs) and flash memories; magnetic disks
such as fixed, floppy and removable disks; other magnetic media including tape; optical
media such as Compact Disks (CDs) or Digital Versatile Disks (DVDs). Note that the
instructions of the software discussed above can be provided on computer-readable or
machine-readable storage medium, or alternatively, can be provided on multiple
computer-readable or machine-readable storage media distributed in a large system
having possibly plural nodes. Such computer-readable or machine-readable medium or
media is (are) considered to be part of an article (or article of manufacture). An article or
article of manufacture can refer to any manufactured single component or multiple

components.

Method blocks discussed herein can be automated and executed by a computer,
computer system, user agent, and/or electronic device. The term “automated” means
controlled operation of an apparatus, system, and/or process using computers and/or
mechanical/electrical devices without the necessity of human intervention, observation,

effort, and/or decision.
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The methods in accordance with example embodiments are provided as examples, and
examples from one method should not be construed to limit examples from another
method. Further, methods discussed within different figures can be added to or
exchanged with methods in other figures. Further yet, specific numerical data values
(such as specific quantities, numbers, categories, etc.) or other specific information
should be interpreted as illustrative for discussing example embodiments. Such specific

information is not provided to limit example embodiments.
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Please Select One: (¢ Customer Number (0 US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 64021
EFS Web 2.2.12 Meta Platforms, Inc. Exhibit 1002
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | PSL-028 (CON1)
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Sound Localization for an Electronic Call

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119{g), 120, 121, 365(c), or 386(c} orindicate National

Stage entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference
required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the application number blank.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Continuation of 14311532 2014-06-23
Additiona_l Demestic Benefit/National Stage Data may be generated within this form v
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

| Remove I

Application Number Country i Filing Date (YYYY-MM-DD) Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.

Meta Platforms, Inc. Exhibit 1002
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PTO/AIA/14 (07-14)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PSL-028 (CON1)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Sound Localization for an Electronic Call

Authorization to Permit Access:

[] Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Property Office (KIPQO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-{(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c}, access may be provided to information concemning the date o f filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignhee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should he

identified in this section.

(O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

Meta Platforms, Inc. Exhibit 1002
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PTO/AIA/14 (07-14)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PSL-028 (CON1)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Sound Localization for an Electronic Call

Mailing Address Information For Applicant:

Address 1

Address 2

City State/Province
Country [ Paostal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assighee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
; Add
selecting the Add button.
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

PSL-028 (CON1)

Application Number

Title of Invention

Sound Localization for an Electronic Call

Signature:
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications.
Signature |/Philip Lyren, #40,709/ Date (YYYY-MM-DD)| 2015-11-20
First Name | Philip Last Name Lyren Registration Number | 40709
Additicnal Sighature may he generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Cffice, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent C o o p eration Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant]
to 35 U.8.C. 122(b) or issuance of a patent pursuant to 35 U.8.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/15 (07-12)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

See MPEP chapter 600 concerning utility patent application contents.

4 UT|L|TY Attorney Docket No. PS L-028 (CON1) \
PATENT APPL'CAT'ON First Inventor Glen A. Norris
TRANSM ITTAL Title Sound Localization for an Electronic Call
\ (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. J
Cc issi for P
APPLICATION ELEMENTS ADDRESSTO:  Po.Box 1450

Alexandria VA 22313-1450

1.1 Fee Transmittal Form.
. (PTO/SB/17 or equivalent)
2. Applicant claims small entity status.
See 37 CFR 1.27.
3. Specification. [Total Pages 82 ]

Both the claims and abstract must start on a new page
(For information on the preferred arrangement, see MPEP § 608.01(a))

4, Drawing(s). (35 U.S.C. 113) [Total Sheets 18 ]

5. Inventor's Oath or Declaration.  [Total Sheets 3 ]

(including substitute statements under 37 CFR 1.64 and assignments serving as an
oath or declaration under 37 CFR 1.63(e))

a. Newly executed (original or copy)
b. [ | A copy from a prior application (37 CFR 1.63(d))

6. |Z| Application Data Sheet. *See Note below.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

7.[] cp-romorcDR.

in duplicate, large table or Computer Program (Appendix)
I:I Landscape Table on CD
8. Nucleotide and/or Amino Acid Sequence Submission.
(if applicable, items a. — c. are required)

a. [] Computer Readable Form (CRF)
b. m Specification Sequence Listing on:

i. ] cD-ROM or CD-R (2 copies); or

ii. |:| Paper

c. D Statements verifying identity of above copies

ACCOMPANYING APPLICATION PARTS

9. m Assignment Papers.

(cover sheet & document(s))

Name of Assignee

10. m 37 CFR 3.73(c) Statement.

(when there is an assignee)

m Power of Attorney.

1. m English Translation Document.
(if applicable)
12. m Information Disclosure Statement.
(PTO/SB/08 or PTO-1449)
Copies of citations attached

13. m Preliminary Amendment.

14. ""JReturn Receipt Postcard.
(MPEP § 503) (Should be specifically itemized)

15. m Certified Copy of Priority Document(s).

(if foreign priority is claimed)

16. m Nonpublication Request.

Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35 or
equivalent.

17. L Jother:

interest in the matler. See 37 CFR 1.46{b).

*Note: (1) Benafit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
{2) For applications filed under 35 U.5.C. 111, the application must contain an ADS specifying the applicant if the applicaniis an
assignee, parson to whom the inventor is under an obligation o assign, or person who otherwise shows sufficient propristary

18. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 64021

OR E::i Correspondence address below

Name
Address
City | State Zip Code
Country Telephone Email
Signature /Philip Lyren, #40,709/ Date |20 November 2015
Name o Registration No.
| (Print/Type) Philip Lyren (Att%rney/Agent) 40,709 )

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file {and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/946,806 11/20/2015 2654 730 PSL-028 (CON1) 20 3
CONFIRMATION NO. 7853
64021 FILING RECEIPT

59 Woodland Avbns 0 LB

Wadsworth, OH 44281
Date Mailed: 12/04/2015

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Glen A. Norris, Tokyo, JAPAN;

Philip Scott Lyren, Hong Kong, CHINA;
Applicant(s)

Glen A. Norris, Tokyo, JAPAN;

Philip Scott Lyren, Hong Kong, CHINA;

Power of Attorney:
Philip Lyren--40709

Domestic Priority data as claimed by applicant
This application is a CON of 14/311,532 06/23/2014

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: No
Permission to Access Search Results: No

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 12/03/2015
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/946,806

Projected Publication Date: 03/17/2016
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

Sound Localization for an Electronic Call
Preliminary Class
381
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/946,806
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
o o o N/A N/A N/A 300 N/A
EXAMINATION FEE
N FEE N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
> a7 CF% ?.16(i)) Minus = OR
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR
% Independent * Minus | *** = ~ OR
L (37 CFR 1.16(h)) -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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Electronic Acknowledgement Receipt

EFS ID: 24452791
Application Number: 14946806
International Application Number:
Confirmation Number: 7853

Title of Invention:

Sound Localization for an Electronic Call

First Named Inventor/Applicant Name:

Glen A. Norris

Customer Number:

64021

Filer:

Philip Scott Lyren

Filer Authorized By:

Attorney Docket Number:
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Amendments to the Claims

This listing of claims will replace all prior versions, and listings, of the

claims:

1. = 20. (canceled)

21. (new) A method executed by one or more electronic devices in an electronic
system that move a sound localization point (SLP) of a voice of a computer
program during a voice exchange between the computer program and a user, the
method comprising:

providing, through an electronic earphone being located at a head of the
user and being in communication with a handheld portable electronic device
(HPED), binaural sound to the user during the voice exchange between the
computer program and the user such that an origin of the voice of the computer
program occurs at the SLP at a first location in empty space that is away from
and proximate to the user;

receiving, from the user and at the HPED, a command to move the SLP of
the voice of the computer program from the first location in empty space to a
second location in empty space that is proximate to the first location and away
from and proximate to the user;

moving, based on the command and during the voice exchange between
the computer program and the user, the SLP of the voice of the computer
program from the first location in empty space to the second location in empty
space that is proximate to the first location and away from and proximate to the
user; and

providing, through the electronic earphone being located at the head of
the user and being in communication with the HPED, the binaural sound to the
user during the voice exchange between the computer program and the user
such that the origin of the voice of the computer program occurs at the SLP at
the second location in empty space that is proximate to the first location and

away from and proximate to the user.
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22. (new) The method of claim 21, wherein the command is a voice command
that instructs the one or more of the electronic devices in the electronic system to
move the SLP of the voice of the computer program from the first location in

empty space to the second location in empty space.

23. (new) The method of claim 21 further comprising:

monitoring a head orientation of the user to determine when the user is
speaking to the computer program; and

determining that the user is speaking the command to the computer
program when the command is spoken while the head orientation of the user is

directed toward the SLP at the first location in empty space.

24. (new) The method of claim 21 further comprising:

tracking a head orientation of the user as the user moves with respect to
the SLP at the second location; and

adjusting a sound of the voice of the computer program that the user
hears through the electronic earphone so the sound of the voice of the computer
program continues to appear to originate from the SLP at the second location

even as the user moves with respect to the second location.

25. (new) The method of claim 21 further comprising:

adjust an amplitude of the voice of the computer program to be inversely
proportional to a square of a distance between the user and the SLP at the
second location in empty space as the user moves with respect to the SLP at the

second location in empty space.

26. (new) The method of claim 21 further comprising:

changing an amplitude, an interaural time difference, and an interaural
level difference of the voice of the computer program as the user moves with
respect to the SLP at the second location so a sound of the voice of the

computer program continues to appear to originate from the SLP at the second
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location as the user moves.

27. (new) The method of claim 21 further comprising:

providing the SLP of the voice of the computer program at the second
location to be in a first room;

determining when the user moves from the first room to a second room;

calculating a reduction of a sound of the voice of the computer program
between the first room and the second room according to one of a sound
pressure level in the first room, a sound pressure level in the second room, and a
sound transmission loss between the first room and the second room; and

providing the reduction of the sound to the voice of the computer program.

28. (new) A non-transitory computer readable storage medium storing
instructions that cause one or more electronic devices in an electronic system to
execute a method that moves a sound localization point (SLP) of a voice of a
computer program during a voice exchange that is between the computer
program and a person, the method comprising:

provide, through a wearable electronic device on the person, binaural
sound to the person during the voice exchange that is between the computer
program and the person such that an origin of the voice of the computer program
occurs at the SLP at a first location in empty space that is away from and
proximate to the person;

receive, from the person, a command to move the SLP of the voice of the
computer program from the first location in empty space to a second location in
empty space that is proximate to the first location and away from and proximate
to the person;

move, in response to the command, the SLP of the voice of the computer
program from the first location in empty space to the second location in empty
space that is proximate to the first location and away from and proximate to the
person; and

provide, through the wearable electronic device on the person, the

binaural sound to the person during the voice exchange that is between the
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computer program and the person such that the origin of the voice of the
computer program occurs at the SLP at the second location in empty space that

is proximate to the first location and away from and proximate to the person.

29. (new) The non-transitory computer readable storage medium storing
instructions of claim 28 further to cause the one or more electronic devices in the
electronic system to execute the method comprising:

maintain the origin of the voice of the computer program at the SLP at the
second location in empty space but alter an amplitude of the voice of the
computer program that the person hears in response to the person moving closer

to or away from the SLP at the second location.

30. (new) The non-transitory computer readable storage medium storing
instructions of claim 28 further to cause the one or more electronic devices in the
electronic system to execute the method comprising:

monitor movements of a head orientation of the person in response to the
person moving with respect to the SLP at the second location in empty space;
and

adjust an interaural time difference (ITD) and an amplitude of the voice of
the computer program in response to the movements of the head orientation of

the person as the person moves with respect to the SLP at the second location.

31. (new) The non-transitory computer readable storage medium storing
instructions of claim 28 further to cause the one or more electronic devices in the
electronic system to execute the method comprising:

determine physical objects located in a room with the person; and

adjust, based on the physical objects located in the room, the voice of the
computer program that the person hears to emulate a sound that the person
would hear if the voice of the computer program actually originated from the SLP

at the second location.

32. (new) The non-transitory computer readable storage medium storing

10
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instructions of claim 28 further to cause the one or more electronic devices in the
electronic system to execute the method comprising:

determine a body gesture of the person as the command to move the SLP
of the voice of the computer program from the first location in empty space to the

second location in empty space.

33. (new) The non-transitory computer readable storage medium storing
instructions of claim 28 further to cause the one or more electronic devices in the
electronic system to execute the method comprising:

determine a size and a shape of a room in which the person and the SLP
are located; and

adjust, based on the size and the shape of the room, the voice of the
computer program that the person hears to more closely emulate a natural sound
that the person would hear if the voice of the computer program actually

originated from the SLP.

34. (new) The non-transitory computer readable storage medium storing
instructions of claim 28 further to cause the one or more electronic devices in the
electronic system to execute the method comprising:

adjust an interaural level difference, an interaural time difference, and an
amplitude for the voice that the person hears so the SLP of the voice of the
computer program remains fixed at the second location in empty space while a

head orientation of the person moves with respect to the second location.

35. (new) An electronic system with one or more electronic devices that move a
sound localization point (SLP) of a voice of a computer program during a voice
exchange between the computer program and a person, the electronic system
comprising:

a wearable electronic device that the person wears and that provides the
voice of the computer program to the person at the SLP at a first location in
empty space that is away from and proximate to the person;

a memory that stores instructions; and

11
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a processor that executes the instructions to receive a command from the
person to move the SLP of the voice of the computer program from the first
location in empty space to a second location in empty space that is proximate to
the first location and away from and proximate to the person, move the SLP of
the voice of the computer program in response to the command from the first
location in empty space to the second location in empty space, and provide
binaural sound to the person through the wearable electronic device during the
voice exchange between the computer program and the person such that an
origin of the voice of the computer program occurs at the SLP at the second
location in empty space that is proximate to the first location and away from and

proximate to the person.

36. (new) The electronic system of claim 35, wherein the processor further
executes the instructions to:

receive a gesture from the person; and

adjust, in response to the gesture, a loudness of the voice of the computer
program by moving the SLP of the voice of the computer program to be closer to

or farther from the person.

37. (new) The electronic system of claim 35, wherein the processor further
executes the instructions to change an interaural time difference (ITD) and an
interaural level difference (ILD) of the binaural sound in order to move the SLP of
the voice of the computer program from the first location in empty space to the

second location in empty space.

38. (new) The electronic system of claim 35, wherein the processor further
executes the instructions to change an interaural time difference (ITD) and an
amplitude of the binaural sound in order to maintain the SLP fixed at the second
location in empty space during the voice exchange while the person physically
moves away from the second location in empty space and changes a head

orientation with respect to the second location in empty space.
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39. (new) The electronic system of claim 35, wherein the processor further
executes the instructions to change attenuation and reverberation of the binaural
sound in order to add artificial audial cues of virtual objects near the person,
wherein the virtual objects do not actually exist near the person but are perceived

to exist by the person from the artificial audial cues.

40. (new) The electronic system of claim 35, wherein the processor further
executes the instructions to:

monitor a head orientation of the person; and

determine, based on the head orientation, when the person looks at the

SLP of the computer program.
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Amendments to the Specification

Please amend the title of the invention as follow:

Moving a Sound Localization_ Point of a Computer Program During a Voice

Exchange fora-Gall
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Amendments to the Specification

Please amend the abstract of the invention as follow:

A method moves a sound localization point (SLP) of a voice of a computer

program during a voice exchange between the computer program and a person.
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Amendments to the Specification

Please amend line 31 on page 17 as follows:

A sound localization point can_exist exists as a single point in space (such as
emulating a point source of sound from a person speaking) or as an area in
space (such as a two dimensional (2D) area, a plane, or a three dimensional

(3D) volume in space).

Please amend line 20 of page 20 as follows:

Figure 5 is a method to adjust sound that a listener hears as a talker moves with
respect to a virtual microphone point during an_electronic elecronic call between

the talker and the listener.

Please amend line 24 of page 40 as follows:

Consider an example in which a first and a second individual engage in an
electronic call. A sound localization point of a voice of the second individual
appears directly in front of the first individual to emulate the two individuals facing
each other. For example, the first_individual is instructed to face the sound
localization point that is located at an azimuth angle of zero degrees (0°). The
first individual complies, but a determination is made during the electronic call
that the first individual faces a position with an azimuth angle of ten degrees
(10°). Thus, a location of the perceived sound localization point (i.e., where the
first individual is looking) and a location of the intended or computed sound
localization point are offset by ten degrees (10°). Adjustments are made to the
HRTFs of the first individual to compensate for this difference or discrepancy.

With these adjustments, stored HRTFs for the first individual will more closely
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match or represent real, natural, or true HRTFs for the individual. After the
adjustments are made to the HRTFs, the first individual will perceive the accurate
position of the sound localization point of the second individual (e.g., during a

subsequent electronic call between the first and second individuals).

Please amend line 31 on page 68 as follows:

Consider an example in which a listener wears an electronic device during a
telephone call with a first speaker who is using a monophonic mobile phone. The
listener is located in a quiet place, and the first speaker is in a noisy place, so the
sound is localized to suit the atmosphere of the listener by filtering out the
background noise. A SLP is designated to the right of the listener by adjusting an
ITD by about 0.7 ms and by adjusting the ILD. At a later time in the call, the
listener receives another call from a second speaker who is using an antique
monophonic land-line phone. The listener admits the second speaker into the call
with the first speaker so that all three can speak and hear each other. Static
exists on the line with the second caller so the call is localized to match a static-
free call environment of the listener and first speaker. Also, a second SLP is
designated to the left of the Listener using the ITD and ILD as with the first
speaker. So the listener perceives the first caller off to the right side of his face
and the second caller to the left side of his face. At a later time in the call the
listener receives another call from a third speaker who is using a Voice over
Internet Protocol (VoIP) program running on a notebook computer equipped with
one microphone. The listener admits the third speaker into the call with the
listener and the first speaker and the second speaker. A third SLP is designated
for the third speaker to be directly between the ears of the listener at a point
inside his head. Now the listener perceives the first caller off to the right side of
his face, the second caller to the left side of his face, and the third caller between
the first and second callers. At a later time in the call, the listener receives
another call from a fourth speaker. The listener admits the fourth speaker into the

call with the listener and the other three speakers. A fourth SLP is designated for
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the fourth speaker at a same location with the first SLP with a same or similar
ITD as the sound from the first speaker. In order to spatially distinguish the fourth
speaker from the first speaker and the other speakers in the call, the ITD is
gradually changed from 0.7ms to O to - 0.7ms and then slowly back to 0.7ms,
repeatedly so that the listener perceives the fourth speaker to be moving slowly
back and forth between the SLP of the first speaker and the SLP of the second
speaker and back to the first. The ITD is incremented or decremented during
times or moments when the fourth speaker is making sound, and not when he is
silent. As such, whenever the fourth speaker begins to speak after a pause, he is
perceived by the listener to be at the same place he was last perceived by the
listener, and the listener will not perceive the fourth speaker suddenly at a SLP

where he was not previously present.
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with the claims. Line 31 on page 17, line 20 on page 20, and line 31 on page 68
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insert the missing word “individual.”
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the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART

B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

ap(g)ropriate. All further correspondence including the Patent, advance
indicated unless corrected below or directed otherwise in Block 1, by
maintenance fee notifications.

orders and notification of maintenance fees will be mailed to the current correspondence address as
(a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

[ "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

64021 7590 0172772016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
PHILIP S. LYREN, PC S(tie(liles P(zistal Sdclrvice vlvilh sufficient postage ggr first l():l)ass mailbin an ?nvelopie
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
289 Woodland Avenue transmitted to the USPTO (571) 273-2885. on the date indicated below.
Wadsworth, OH 44281
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/946,806 11/20/2015 Glen A. Norris PSL-028 (CON1) 7853
TITLE OF INVENTION: Sound Localization for an Electronic Call
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 04/27/2016
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BLOUIN, MARK S 2687 381-303000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

printed on the patent) : [ Individual Corporation or other private group entity [J Government

4a. The following fee(s) are submitted:
[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

[ The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

J Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1

.33. See 37 CER 1.4 for signature requirements and certifications.

Authorized Signature

Date

Registration No.

Typed or printed name

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NoO. |
14/946,806 11/20/2015 Glen A. Norris PSL-028 (CON1) 7853
| EXAMINER |
64021 7590 01/272016
PHILIP S. LYREN, PC BLOUIN, MARK S
289 Woodland Avenue
Wadsworth, OH 44281 | ART UNIT PAPER NUMBER |

2687

DATE MAILED: 01/27/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/946,806 NORRIS ET AL.
. oy [ i AlA (First Inventor to
Notice of Allowability EA)ZaF?;%efoum ggts;’"" File) Status
Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWARBILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to continuation filed on 11/20/15.
OA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 21-40 (renumbered 1-20). As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information, please see htip/iwww. usplo.gov/patents/init_evants/oph/index.jsp or send an inquiry to PEHfeedback@usgio.qov .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[dJ Al b)[JSome *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20160119
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Application/Control Number: 14/946,806 Page 2
Art Unit: 2687

Reasons for Allowance

1. Claims 21-40 (renumbered 1-20) are allowed.

2. The following is an examiner’s statement of reasons for allowance.

This application is for a method of sound localization.

Claims 21,28 and 35 specifies a method of sound localization which requires:

“..providing, through the electronic earphone being located at the head of

the user and being in communication with the HPED, the binaural sound to the
user during the voice exchange between the computer program and the user
such that the origin of the voice of the computer program occurs at the SLP at
the second location in empty space that is proximate to the first location and

away from and proximate to the user.”
3. These features, in combination with the other features of Claims 21,28 and 35 are not

anticipated by, nor made obvious over, the prior art of record.

4. Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

Conclusion
5. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Mark Blouin whose telephone number is 571-272-7583. The

examiner can normally be reached on M-F from 6:00 to 3:30 pm.
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Application/Control Number: 14/946,806 Page 3
Art Unit: 2687

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Mr. Wayne Young, can be reached on 571-272-7582. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

/Mark Blouin/

Primary Examiner of Art Unit 2686
Mark Blouin
Patent Examiner

Art Unit 2687,
January 19, 201
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors:  Glen A. Norris, et al. Examiner: Mark S. Blouin

Serial No.:  14/946,806 Group Art Unit: 2687

Filed: 20 November 2015 Docket No.: PSL-028 (CON 1)
Title: Moving a Sound Localization Point of a Computer Program During

a Voice Exchange

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Mail Stop: Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Please enter the following Response to Examiner's Reasons for
Allowance.

Remarks begin on page 2.
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REMARKS

In the Examiner’s reasons for allowance on page 2 of the Notice of
Allowance, the Examiner states as follows:

Claims 21, 28 and 35 specifies a method of sound localization which requires:
“...providing, through an electronic earphone being located at a head of the
user and being in communication with a handheld portable electronic device
(HPED), binaural sound to the user during the voice exchange between the
computer program and the user such that an origin of the voice of the
computer program occurs at the SLP at a first location in empty space that is
away from and proximate to the user.”

Applicant respectfully disagrees with some of the Examiner’s stated
reasons for allowance. The recitations cited above appear in independent claim
1, but not in independent claims 28 and 35. Applicant submits that no words or
terms should be “read into” a claim based on the statements of the Examiner.
Instead, the present claims are allowable for at least the reason that the art of
record does not teach or suggest all of the limitations of the claims as actually
recited in the claims themselves. Applicant therefore respectfully asserts that the

scope of each claim as allowed is to be determined from the actual claim

language, including all equivalents.

Respectfully submitted,
/Philip S. Lyren #40,709/
Philip S. Lyren

Reg. No. 40,709
Ph: 216-539-0572
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Electronic Acknowledgement Receipt

EFS ID: 24760262
Application Number: 14946806
International Application Number:
Confirmation Number: 7853

Title of Invention:

Sound Localization for an Electronic Call

First Named Inventor/Applicant Name:

Glen A. Norris

Customer Number:

64021

Filer:

Philip Scott Lyren

Filer Authorized By:

Attorney Docket Number:

PSL-028 (CONT)

Receipt Date: 29-JAN-2016
Filing Date: 20-NOV-2015
Time Stamp: 07:08:24

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $480

RAM confirmation Number 9782

Deposit Account 503766

Authorized User

LYREN, PHILIP S.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees)
Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

61226

Post Allowance Communication -
1 . Reasons_Allowance.pdf no 2
Incoming

7ca62917fee927856873ec1 c8004b0d2640
c3al2

Warnings:

Information:

140731
2 Issue Fee Payment (PTO-85B) Issue_Fee.pdf no 1

990bcfa85d78c23780339947c926eb58a19)
6f24e

Warnings:

Information:

30128
3 Fee Worksheet (SB06) fee-info.pdf no 2

6da884254797144c8af6f9a842dch7bbbbc|
c96ca

Warnings:

Information:

Total Files Size (in bytes): 232085

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Electronic Patent Application Fee Transmittal

Application Number:

14946806

Filing Date:

20-Nov-2015

Title of Invention:

Sound Localization for an Electronic Call

First Named Inventor/Applicant Name:

Glen A. Norris

Filer:

Philip Scott Lyren

Attorney Docket Number:

PSL-028 (CONT)

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee 2501 1 480 480
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 480
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

ap)
in

maintenance fee notifications.

ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certi?icatc cannot be used for any other accompanying

ﬁaper& Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

64021 7590 0112772016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
PHILIP S. LYREN, PC States Postal Service with sufficient postage for first class mail in an envelope
289 Woodland Aveme siccred o o Ml Stog SEUE KL ados sbon, o« poag ficaiml
Wadsworth, OH 44281

(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/946,806 11/20/2015 Glen A. Norris PSL-028 (CON1) 7853
TITLE OF INVENTION: Sound Localization for an Electronic Call
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 30 30 $480 04/27/2016
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BLOUIN, MARK S 2687 381-303000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

[ change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

| "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assilgnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for

recordation as set forth in 37 CFI
(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be printed on the patent) :

3.11. Completion of this form is NOT a substitute for filing an assignment.

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

[ individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted:
EI Issue Fee
[ Publication Fee (No small entity discount permitted)
[J Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

X The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number - (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
d Applicant certifying micro entity status. See 37 CFR 1.29

d Applicant asserting small entity status. See 37 CFR 1.27

d Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CER 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /Phlhp Lyren, #40,709/

pae 29 January 2016

Typed or printed name P h Illp Lyren

Registration No. 40 s 709

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/946,806 11/20/2015 2687 730 PSL-028 (CON1) 20 3
CONFIRMATION NO. 7853
64021 CORRECTED FILING RECEIPT

59 Woodland Avbns 0 LM

Wadsworth, OH 44281
Date Mailed: 02/02/2016

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Glen A. Norris, Tokyo, JAPAN;

Philip Scott Lyren, Hong Kong, CHINA;
Applicant(s)

Glen A. Norris, Tokyo, JAPAN;

Philip Scott Lyren, Hong Kong, CHINA;

Power of Attorney:
Philip Lyren--40709

Domestic Priority data as claimed by applicant
This application is a CON of 14/311,532 06/23/2014 PAT 9226090

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: No
Permission to Access Search Results: No

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 12/03/2015
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/946,806

Projected Publication Date: 03/17/2016
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

Moving a Sound Localization Point of a Computer Program During a Voice Exchange
Preliminary Class

381
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/946,806 03/08/2016 9282196 PSL-028 (CON1) 7853
64021 7590 02/17/2016
PHILIP S. LYREN, PC
289 Woodland Avenue

Wadsworth, OH 44281

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Glen A. Norris, Tokyo, JAPAN;
Philip Scott Lyren, Hong Kong, CHINA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/946,806 11/20/2015 Glen A. Norris PSL-028 (CON1)
CONFIRMATION NO. 7853
64021 PUBLICATION NOTICE
PHILIP S. LYREN, PC
289 Woodland Avenue IR I VR

Wadsworth, OH 44281

Title:Moving a Sound Localization Point of a Computer Program During a Voice Exchange

Publication No.US-2016-0080577-A1
Publication Date:03/17/2016

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Case 6:22-0v-005875-A0A  Document 2

AQO 120 (Rev. 08/103

Filed 06/03/22 Page lof2

TO:

Birector of the U.S. Patent and Trademark Oifice

Mail Stop 8

P.O. Box 1450

Alexandria, VA 22313-1456

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

e

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 vou are hereby advised that a court action has been

filed inthe U.S. Dastnict Count

] Trademarks or

Westarn District of Texas - Waco Division

on the following

¥ Patews. ([ the patent action invelves 33 U8, § 292.):

DOCKET NO, DATE FILED U.S. DISTRICT COURT
627 oy.S5T758 8/3/2022 Western District of Texas - Waco Division
PLAINTIFF DEFENDANT

EIGHT KHZ, LLC

META PLATFORMS, INC.; META PLATFORMS
TECHNOLOGIES, LLC

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 9,282,198 3/8/2016 Glen A. Norris; Philip Scott Lyren
2 9,874,628 6/6/2017 Gien A. Norris; Philip Scott Lyren
3 10,448,184 10/15/2018 Fhilip Scoit Lyren; Glen A, Norris
4 18,817,737 20072021 Philip Scott Lyren; Glen A. Norris
5 9,226,080 12/28/2015 Glen A, Norris; Philip Scoft Lyren

In the above—entitled case, the following patent(s) trademark(s) have been included:

DATE INCLUDED

NCLUDED BY

T Amendment

[ Answer 3 Cross Bill ] Other Pleading

PATENT OR

TRADEMARK NO.

DATE OF PATENT
R TRADEMARK

HOLDER OF PATENT OR TRADEMARK

2

inthe above-—euntitled case, the following decision has been rendered or judgement tssued:

DECISIONJUDGEMENT

CLERK

(BY)» DEPUTY CLERK

DATE

Copy I—Upon initiation of action, mail this copy to Birector
{opy 2—Upon filing document adding patent(s), mail this copy o Birector

Copy 3—Upon termination of action, mail this copy te Birector
Copy 4—Case file copy
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Case §:22-ov-00575-A048 Document 2 Filed

AQO 120 (Rev. 08/103

Q6403722 Page 2ot 2

TO:

Birector of the U.S. Patent and Trademark Oifice

Mail Stop 8

P.O. Box 1450

Alexandria, VA 22313-1456

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

e

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 vou are hereby advised that a court action has been

filed inthe U.S. Dastnict Count

Westarn District of Texas - Waco Division

on the following

) Trademarks or - [ Patems. ([ the patent action invelves 33 U8, § 202.y:
DOCKET NO. DATE FILED U8, DISTRICT COURT

6/3/2022

Western District of Texas - Waco Division

PLAINTIFF
BIGHT KHZ, LLC

DEFENDANT

META PLATFORMS, INC.; META PLATFORMS
TECHNOLOGIES, LLC

PATENT OR

TRADEMARK NO,

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

1 19,388,179 7/30/2049 Philip Scoit Lyren; Glen A, Norris
2 10,798,508 10/8/2020 Philip Scott Lyren; Glen A, Norris
3 11,172,318 11/8/2021 Fhilip Scoit Lyren; Glen A, Norris
4 11,280,838 3/24/2020 Glen A, Noris; Philip Scott Lyren

In the above—entitled case, the following patent(s) trademark(s) have been included:

DATE INCLUDED

NCLUDED BY

T Amendment

[ Answer 3 Cross Bill ] Other Pleading

PATENT OR

TRADEMARK NO.

DATE OF PATENT
R TRADEMARK

HOLDER OF PATENT OR TRADEMARK

2

inthe above-—euntitled case, the following decision has been rendered or judgement tssued:

DECISIONJUDGEMENT

CLERK

(BY)» DEPUTY CLERK DATE

Copy I—Upon initiation of action, mail this copy to Birector

Copy 3—Upon termination of action, mail this copy te Birector

{opy 2—Upon filing document adding patent(s), mail this copy to Birector  Copy 4—Case file copy
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